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Translation No. 901 - :

DATA ON IMMUNIZATION OF HUMANS WITH LIVE
E STRAIN TYPHUS VACCINE

[Following is a translation of an article by N. N. Urakov,
V. A. Pshenikov, V. P. Shchetinin and Ms O. Tereshchenk

Zmnal Migrobiologll
gii (Journal of Hicrobiology..
Moscow, Vol 40, No 7,

1963. pages 140-45.]

The first observations in the Soviet Union on the immnigzation of
umans with live typmms vaccine (E strain of Rickettsia Prowazekia), pub-
1lished by Pshenichnov et al in 1959, confirmed and supplemented the data
of American investigators (Everritt et al, 19543 -Fox, 1956; Fox et al),
and they also determined the desirability of further research in this
direction. The present report contains additional data on vaccination
of hmans with the E strain. .

We obtained the E strain of Ricketisia Prowazekia from a labora=-
tory headed Ly Zdrodovskiy, where it had been sutmitted to comprehensive
experimental investigation (Zdrodovskiy, 1958; Zdrodovskiy et al, 1958;
Kokorin, 1959; Yablonskaya, 1959). For immunization of humans we pre-
pared and tested three series of live vaccine, in the form of lyophilized
14 suspension of chick embryo mlk sacs infected with strain E Rickettsia.
Skin milk (series No 5) or skim milk with 10% saccharose (series No 8 and
9) was used as a drying medium. Otherwise the method of preparing the
various series of vaccine was the same. The biological activity of thege
dry cg&ne preparations with titration on chick embryos ranged from 109,12
to 13- EIDcn, and with titration on guinea pigs (intraperitoneal injec-
tion) ranged #oem 106425 to 107,25 EID per gram of initial weight of the

yolk sacs, i.e., it was about the same all of the tested series. When
tested on guinea pigs we were unable to detect nounced clinical disease
even with introduction of the vaccine in a 10-J dilution, although ocomple~
ment-fixing antibodies were found in the animals' serus and the guinea-
pigs, in most instances, were found to be lmmune to subsequent infection
by virulent strains of Rickettsia Prowagekia.
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The subjects received subcutanecus injections of 0.25 milliliters
in the subscapular r n, and in some instances the vaccine was admin-
istered intrangsally (it was imbedded in the mucous membrane of the nose).
The inoculated ihdividuals were observed clinically with daily tempera-
ture readings for a period of 18 to 2D days. Those who demonstrated a
pronounced reaction to the vaccine were hospitalized and as a ru.le sympe-
tomatic treatment was instituted.

The first series of observations presented in this report pertains
to an evaluation of the effectiveness of various dosages of live vacecine.
For this purpose, two groups of people were inoculated with series No 5
vaccine. The first group, consisting of 24 people, were given subcutane-
ous injections in dilutions of 10~9 to 10~5, the vaccine was administered
intranasally in dilutions of 10-9 %o 1 (rqur people, were vaccinated).
The results of lnoculation of this group ‘showed that all of the tested
dosages of vaccine, including those that are infectious for chick embryos,
were nonreactogenic, tut neither did they elicit a sero-immune response
in the inoculated indlviduals. In only one instance, where the vaccine
had been administered subcutanecusly in a 10~=5 dilution was the produc-
tion of a specific complement-fixing antibody titer of 1:32 observed.

For impmnization of :.Re other group vaccine of this same series
was used in dilutions of 10~*, 10~3 and 10-2, A total of 17 individuals
were inoculated, of them, 12 ~- subcutaneously and five -- intranasally.
Six of the people in this group had not been inoculated previcusly, while
eleven, including all those that were vaccinated intranasally, had.been
immnized with killed typhoid vaccine. A mumber of individuals in this
group demonstrated early and delayed reactions to administration of the
vaccine. The early reaction was expressed objectively by a temperature
rise of 3‘7.2p=37 5° withii: the first 48--72 hours. There was no local
reaction. A delayed reaction was observed in seven cases, also manifest.
ed by a one or tw-day temperature slevation to 37.2—37.5°, eleven to
fourteen days after vaccination. In two cases, who had received subcutan-
eous injection of the vaccine in dilutions of 10=3 and 10-%, the tempera-
ture rose to 38.5-=39° and remained at this level for one or two days.

The individuals who had a fever demonstrated weakness and headaches. No
essential difference was observed in the nature of reactions to intrana-
sal and subcutaneous introduction of the vaccine. Previous immnization
(one to two years earlier) with killed vaccine did not prevent the ap-'
pearance of vaccine reactions.

Serological examination of the people in this group was performed

25 days after inoculation. In eleven out of the twelve cases, subcutane-
ous injection of the vaceine was accompaniad by production of specific
complement-fixirg antibodies to Rickettsia Prouazekia. in titers of l:4 to
1:128. In one case, in spite of a strong vaccine reaction, we were unable
to demonstrate any antibodies even after 60 days. Apparently this is due
to the effect of biomycin which this female subject had taken on the first
day of appearance of delayed reaction. Of the five individuals who had
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been given the vaccine intranssally, in one case antibodies with a titer
of 1s4 appeared in the serum, while in three cases the amount of anti-
bodies doubled as compared to the initial quantity and attained a titer
of 1:64 in two instances and 1:8 in one.

On the basis of a study of the effectiveness of various doses of
strain E rickpttsia: the dosage for subsequent subcutaneous injection wms
“salecteds I0%5 oo 105“11155'6 (0.25 mI11iIiters of a 10-3 dlution). -
Series 8 and 9 vaccine was iised for the immnigzation of 218 individuals.
0f these 74 were inoculated with live vaccine for the first time, 25 had
received an injection of 0.5 milliliters of killed deposited vacoine 10
to 30 days prior to administration of the live vaceine, 16 had heen ine
oculated twice with killed vaccine one to twelve months prior to adminis-
tration of live vaccine, and the rest were given the live vaccine one to
five years after immnization with killed vaccine.

The greatest mumber of vaccine reactions (both early and delayed)
was observed in individuals inoculated with E strain without prior admine
istration of killed vaccine (table 1). In this group early reactions
were observed in 12 cases, delayed ones -- in six (16.2 and 8.1%). At
the same time, there was almost total absence of reaction to the vaccine
in individuals inoculated with live vaccine 10 to 30 days after single
injections of killed vaccine as well as one to twelve months after com-
pletion of a full course of immunization with killed vaccine. When the
interval between administration of the killed vaccine and of the live one
was graster (in our observations up to five years), the number of vaccine
reactions again rose and represented a total of 9.7%. It must be noted
that the delayed reaction was absent in the majority of those that had
demonstrated a pronounced early reaction to the vaccine (15 out of 19
people), however in four cases both early and delayed reactions were ob-
s

. i

The early reaction to introduction of series 8 and 9, as well as
5, 1live vaccine consisted of a: temperature rise, weakness and headaches
(table 2). In a number of cases there was a marked local reaction and
lymphadenitis. The early reaction symptoms usually appeared 24 to U8
hours after the vaccination and persisted for one to two days. In one
case only we observed a pyretic reaction that lasted for three days.
Daily clinical examination failed to reveal any changes of the internal
organs. Afterial pressure also remained within normal limits. Analysis
of the blood and urine failed to demonstrate any deviation from the phy-
siological normal. As a rule the mumber of early reactions was the same
in older individuals as in young ones; in the age group under 40 years
old the pyretic reaction during the early period was even somewhat more
pronounced. In contrast to the quantity of early reactions, that of de-
layed reactions and their severity depended on the age of the subjects.
While among those who were under 30 years of age there was only one case
of delayed reaction, which constituted about 1% of the total mumber of
those inoculated, among those under and over 40 years of age the mmber
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of delayed reactions constituted 8.5 and 11.1% respectively. The main
delayed reaction symptoms were: elevated temperature, headaches and ms-
cle aches, excitability, lqpernia of the face axd eyes. In six cases

we observed elements of roseolus rash primarily on the lateral surfaces

of the body and upper extremities. In two patients the rash was quite
pronounced and individual pebechiae were noted on the skin. The liver
and _spleen were not enlarged. No significant disturbances of the central .
nervous and cardiovascular systems were observed. Arterial pressure and
the electrocardiogram remained within normal rangs. Blood examgnation
and urinalysis failéd to demonstrate any changes. The leukocyte count was
near the upper limit of normal (7,500 to 8,000 per cubic millimeter). In
only one case was slight leukopenis observed and in two == accelerated
erythrocyte sedimentatlon.

The delayed reaction appeared on the temth to thirteenth days after
administration of live vaccine, To curb it symptomatic treatment was us-
ually instituted and in only two cases were antibiotics prescribed. The
duration of inability to work due to delayed reactions ranged from two to
five days in six patients, seven to eight days in two and eleven to seven-
teen days in four cases. .

As an example we present a description of the most severe vaccine
reactions in two elderly individuals. '

1. In a male, 52 years of age, the reaction appeared

on the tenth day after immnigation; ' he complained of weak-
ness, chills, headaches and mmscular aches, loss of appetite
and poor sleep. For five days a fever of 3B.5 to 39.3° per-
sisted. On the fourth day there appeared a roseolus rash on
the skin of the upper extremities, the shoulder region and on
the lateral surfaces of the body. On the body there were in-
dividual petechiae. The face and eyes were hyperemic. KNo
disturbances of the internal organs were demonstratud. On the
third day biomycin treatment was instituted and found to be
effective. The total duation of the reaction and subsequent
treatment was 17 days.

2. A 52 year-old male came to the doctor complaining
of severe headache, weakness, loss of appetite. The illness
began on the tenth day after administration of B strain live
vaccine. Examination revealed hyperemia of the face, injected
scleral vessels, increased excitability. For three days the
temperature fluctuated between 3B nnd 38.5°. On the thivdddgy
a roseolus rash with individual petechiae appeared on the body.
No changes of the internal organs were demonstrated. Biomyoin
treatment was instituted on the third day. Twenty-four hours
later the temperature returned to normal. The reaction lasted
for eleven days.




The final part of the investigations pertained to characterizing
the sero-immunity changes after administration of E strain live typms
vaccine. To supplement the previously published data on the complement-
fixing antibody titers in vaccinated individuals deterwined 20 to 30 days
after Lmmnization (Pshenichnov et al, 1959) in the present work we dee
termined the antibody level at later dates. We examined the serum of 69

- Andividuals who had been inoculated with strain E without preliminary in-
troduction of killed vaccine. The serum was obtained one to three months,
three to twelve months, and one to three years after immniszation. The
mmber of positive sera in these groups represented, respectively, 18,

11 and 15, i.e. 86, 61 and 50% (table 3).

The complement-fixing antibody titer in the serum examined one to
three months after inoculation reached 1:40 to 131160, while in the serum
examined at later dates it did not exceed 1:5 to 1:10 in most instances.

The 19 sera obtained one to two months after immunization were
tested concurrently for complement fixation and Rickettsial agglutination.
We were unable to demonstrate any essential differences as a result of
testing the serum by these methods (table 4).

In conclusion, it mst be noted that the data presented in this
report on the reactogenic and imamnogerdc properties of live E strain
typtus vaccine confirm the earlier findings (Pshenichnov st al) as well
as those of American authors (Fox and others). Subcutaneous injection of
the vaceine in a 10-3 dilution, i.e. 1045 to 105 EIDsy, consistently
elicited the production of specific complement-fixing“antibodies to Rick-
eottsia Prowazekia. On the whole the reaction to vaccination was benign,
although in individual instances severe vaccine raections of a typhoid
nature were observed. The observed relationship’ between the severity of
delayed reactions and the subjects's age is in complete agreement with
the data of Fox et al (1955). At the sume time the observations made
earlier, to the effect that single injections of killed vaccine ten days
prior to administration of live vaccine almost completely prevents the
appearance of vaccine reactions, were confirmed. All of the foregoing in-
dicates the desirability of brouder study of this method of immnisation.

The first observations on intranasal imsmnization of humans with
live typlms vaccine indicate the possibility, in principle, of vaccinae
tion via the respiratory tract. However the effectivity of intranasal
inoculation for humans was found to be considerably lower than for guinea-
pigs (Urakov, 1961). This is perhaps due to the mmall amomnt of material

' (0.25 mil1iliters) that is administered: most of it remained on the m-
cous membrane of the upper respiratory tract and did not reach the proper
receptive zones.

Sencluslons
1. live E strain vaccine, in doses of 10%:5 to 105 EDgy, was used
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for the subcutaneous immnization of 230 people. Among the 74 individe
uals for whom this was the first immnization with live vacoine twelve
(16.26) demonstrated early vaccine reactions and six (8.1%) -- delayed
reactions. The mmber and severity of delayed reactions depended essen-
tially on the age of the individuals. In elderly people the delayed re-
actions were severe in a nunbu' of inatanees and cauaed mhdllty to
work for ten er more-days. -

2. Single injections of killed vaccine ten to thirty days prior
to administration of live vaccine, as well as administration of live vac-
cine one to twelve months after tw injections of killed vaceine prevent-
od almost entirely the appearance of vaccine reactions. The results ob-
tained demonstrate the advisability of broader study of the method of com-
bined immmnization with killed and live vaccine against typhus fever.

3. The first preliminary observations on intranasal imsmnization
of umans with E strain indicate the possibility of introducing live vac-
cine through the respiratory tract, however the reactogenic and immuno-
genic properties of the vaccine with intranasal application requires fur-
ther study.

4. The sensitivity of complement fixation and Rickettsial agglue
tination as methods of demonstrating specific antibodies in the serum in
the earlier stages after immnization was found to be approximately the
same.
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Telle 1.

Deactogenie properties of live T strain typius
vaccine (series 8 and 9)
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[Legend:] a) Immunized group b) Quantity immunized c) INumber
of reactions d) early e) delayed f) total g) first vaccin-
ated with live vaccine h) Vaccinated with live vaccine after
preliminary introduction of killed vaccine i) 10--30 days later
j) 1--12 months later k) over a year later.
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fable 3

Compleanent-Lixing antibody level in the serum of individuals
immunized with live B strain typhus vaccine
(series llo 6 and 9)

gl —
(l" E Twip an -.—T.L:I
Cpok oGcneno- LhE.'n{ ’—‘L/“ B 'l—“”‘”*—
i (q_\ BaHHA nocre | feelpnpo-| ) . | ' N B A
~/ NpHBREKIL TOK 15115 I:I0| 1.20 [ 1 401 80 | 1.160
]
(c{) I- 3 Mmecsia 21 31 4 1 41 5| 3] 1
@) 3 12 Meca-
. 1EB 18 71 3| 51 3
C%)ﬂ‘:knmn 30 (15| 4 T oo 2t

[Legend:] 2) Check-up term following immunization b) Iumber
of sera c¢) antibody titer d) 1--3 months e) 3-=12 months
L) 1-=3 years.

Table 4

Comparative characteristics of complement-fixing antibody
and agglutinins titers in the serum
of immunized individuals

22"y

(g\;’ (&j @) Tutp alturen
Meton ucene- ;‘;{'ﬁ;’)“’ 0
AcKan porox | 1:5] 1:5 | 110|120 | 1:40 | 1:80 |1:160
i
Peaknus cns-
3LIRAHHS KOM-
NAEMEHTA 19 31 2 1 51 41 3 1
Peakuns  ar-
TATHNE- l
UMK PHK-
KCTCHI 19 1 21 7| 8 | ]
| i

(Legend:] a) Method b) Humber of sera ¢) Complement-fixa-
tion reaction d) Rickettsial agglutination reaction.

Comment

In setting up the complement fixation reaction, four units of
antigen and 1.5 complete units of complement were used, fixation was
effected at 4--6 for 18 hours. The Rickettsia agglutination reaction
was tested by the method deseribed by Zdrodovskiy and Golinevich (1956).
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Translation No. 902

ON EXPERIMENTAL ANIMALS OF VARIOUS SPECIES

[Following is a translation of an article by A. A. Vorob'yev
and A. P. Labinskiy in the Russian-language period%eal Zur-
of Microbiology, Epidesiology and Tmmnoblology) Moscow,

Vol 40, No 7, 1963, pages 45=50.]

In the practice of testing the imsmnogenic properties of prophylace
tic bacterial preparations, including botulims toxoids, experimental ani-
mals are used of the species that demonstrate best the quality of the par-
ticular preparation. The variety of methods used for this purpose (mme
ber of inochlations, antigen dosage, interval of determining imsmnity,
variety of immnological tests) make it difficult to evaluate the results
objectively.

The purpose of our work, which was conductéd on albino mice, gui-
nea-pigs and rabbits, was to determine experimentally the most suitable
species of laboratory animals for the study ofthe immmnogenic properties
of botulims penta~toxoid and its components so that a method might be
standardized as much as possible. ([Note]: The characteristics of botu-
1lims toxoids are described in the works of A. A. Vorob'yev et al, Zimrndl
RLKIODAOLORL: PRIAQRIOLOR \munobiologil (Journal of Microbiology,
Epidemiology and Immnobiology), Communications I, II, IIT and IV, 1960.)

The method of investigation consisted of a comparative study of
the immunological effectiveness of penta-toxold and its components used
in equal antigenic (according to EC [Fixation unit?]) doses for inooula-
tion of the animals. We selected the method of single immunigzation of the
animals, inasmich as this is the only method which permits demonstration
of the immunizing activity of the antigen (Khalyapina and Roshkovskaya,
1950), With two inoculations the effect of imsmnization is determined to
a greater extent by increased reactivity of the organiam than by the qual~-
ity of the antibody. .

For the purpose of immnication the antigens were injected to
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albino mice intraperitoneally, to guinea-pigs and rabbits -~ subcutaneous-
ly. The immmunogenicity of the preparations was evaluated in albino mice
on the basis of the degree of immunity to toxins, in rabbits -- on the ba-
sis of antitoxin production, and in guinea-pigs -- both indices.

The degree of immunity in albino mice imsunized with penta-toxoid
_and its components was tested on the sixteenth day after inoculation. Spe-
cific toxins were injected intravenously in 0.5 milliiiters of saline '
Eacl.di'l‘he mice were observed for four days and a record kept of those
that died.

. The data obtained (takle 1) indicated that the resistance to spe-
cific toxins of albino mice that had been immunized with either penta- or
mono-toxoids was essentially the same,

In rabbits, the antitoxin content was determined 15, 30 and 60 days
after inoculation. The antitoxins were titrated in a serum mixture from
each group of animals in whose blood no naturdl antitoxins had been found
prior to inoculation. In view of the important role of an adsorbent for
the production of botulims antitoxins we used penta-toxoids and the cor-
responding mono-toxoids with equal amounts of adsorbemt.

The rabbits were given mmall doses of penta- and mono-toxoids in
order to evaluate the quality of the preparations by a more precise method.

The experiments showed (table 2) that in rabbits the antitoxin ti-
ters after immmnization with penta-toxoid were considerably lower than
after immunization with the game amounts of mono-tonids with equal ad-
sorbent content in the proparations.

In guinea-pigs, immnized with penta- and mono-toxoids, the anti-
toxin content of the blood was tested 25 days after inoculation and the
immunity to specific toxins was tested 30 days after inoculation.

In guinea<pigs, immnized with petan-toxolds, the antitoxin ti-
ters were also lower than in the animals that had been imsmnliged with
mono~toxoids, particularly types B, C and E (table 3). However, in spite
of the lower antitoxin titers, the guinea-pigs immunirzed with penta-toxoid
demonstrated greater resistance to toxins than those imsmunized with mono-
anatoxins. Analagous inconsistencies between antitoxin level in the blood
and resistance to toxins were noted with immunigation of guinea-pigs with
nono;’;.oxoida with increased adsorbent content in the inoculum dou (ta-
ble .

Thus, the comparative study of the immmnogenic pmpertioa of bo=
tulimus penta-toxoid and its components on three species of laboratory
animals demonstrated the possibility of using them for the laboratory e=
valuation of these preparations. However, as specific imsmunity develops
in response to the introduction of mono~toxoids and their complexes there
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were several peculiarities related to both the animal species and to the
immmnity indicator used. Thus, in the experiments with guinea-pigs and
rabbits, the immnogenic propertier of pemnta-toxoid according to the anti-
toxin titer in the tlood were found to be weaker than those of the corres-
ponding mono-toxoids. And conversely, the resistance to botulims toxins
of guinea-pigs inoculated with penta-toxoid was appreciably higher than
in those receiving equal doses of mono-toxoid. In the experiments with
albino mice, there was the same immnological response to administration
of both mono- and penta-toxoids.

_ Consequently the data we obtained demonstrate first of all the im-
possibllity of judging accurately the interrdlationships between antigens
in polyunalent preparations on the basis of an immnological study on only
one specles of laboratory animals and using only one immunity indicator.
Purthermore, from the described investigations it is quite obvious that

- the botulimus antitoxin titers of the blood do not reflect fully the true

resistance of the organism to toxins. Consequently accurate conclusions
as to the effectivity of the compound preparation as compared to its sep-
arate components can be made only on the basis of a study of the organ-
imm's resistance to the toxin (or to infection),

In view of the foregoing, we recommend that the immnogenic prop-
erties of botulims penta=toxoid be tested on albino mice by the degree
of immnity to the toxin. The advantages of this method, in additlon to
those mentioned above, &re also its inexpensiveness and convenience.

Conclusions

1. The resistance to specific toxins of albino mice irmmnized
with penta-toxoid and its components, was essentially the same. '

2. The antitoxin titers in the blood of rabbits immnized with
penta=toxoid were considerably lower than in animals immunized with mono-
toxoids contained in the compound preparation.

3. In guinea=pigs, immnized with penta-toxoid, the antitoxin ti
ter in the blood was lower than in animals immunized with mono-toxoids,
however the resistance to specific toxins of the guinea-pigs immuniged
with penta-toxoid was higher than that of the animals immunized with mono-
toxoids,.

4., Tt is desirable to check the immunogenic properties of botulin-
us penta-toxoid on albino mice, since they rsact the same to both mono-
toxoids and penta-toxoid.
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Translation No. 903

THE ROLE OF REGIONAL LYMPH NODES IN THE MECHANI
OF POST-INOGULATION PRODUCTION OF IMMUNITY

[Following is a translation of an article by B. A. Godovan-
nyy, from the Moscow Institute of Vaccines and Sera imeni
Mechnikov, in the Russian-language periodical

biologii, epidem g1l 1 impmnobd g1l (Journal of Miero-
blology, Epidemio

0l0

1oy and Tmmnobiology) Moscow, Vol 40,
No 7, 1963, pages 51-55.]

The question of the locus of production of antibodies in an irmmne
organiam is, at the present level of development of immunology, an ex-
tremely important problem related with the study of the mechaniam of pro-
duction of pose-inoculation immunity. As we know at the present time,
through a large mumber of observations it has been established that one
of the primary sites of production of antibodies in the organiam is lym-
phoid tissue (McMaster, 1953; Harris and Harris, 1945-1960; Fagraeus,
1948; Zdrodovskiy, 1956-1962; Fontalin, 1959, and others).

Both the earlier investigations (Huebschmann, 1913; Bing and Plum,
1937) and the most recent research (Coons et al, 1955-1960; Igonin, 1962,
and others) have established the most likely producers of antibodies --
plasma cells whose origin and purpose remain a subject of discussion. The
question of the nature of the reactions to introduction of antigen of in-
dividual portions of the lymphatic system is far from being fully resolv-
ed, It is known that of all of the forms of lymphold tissue adcumulation:
in the organiam the production of antibodies in response to immunigzation
is first of all and most illustratively demonstrated in the lymph nodes
that are regiondl in relation to the site of introduction of the antigen
(McMaster and Hudack, 1935; Sagalovich, 1954; Azetskaya-Matsiyevskaya,
1948; Meshalova and Amirov, 1962, and others). However, the reaction of
regionsl nodes to the introduction of various antigens depends to a con-
siderable extent on the physical condition of the latter. It has been
shown (Stavtsikiy, 1954; Ourvich and Shumakova, 1960) that with imeani-
gation with soluble antigens (diphtheria or tetams toxoid) the reaction
is primarily observed in the regional lymph nods, while the reaction to
administration of corpuscular antigen is generalisged, extending over the

= 18-




entire system of lymphoid organs, the role of the draining node being
secondary in this case. Lymphoid tissue reaction to administration of
soluble antigens has been investigated thoroughly enough. At the same
time, the question of the reaction to introduction of corpuscular anti-
gen of the various parts of the lymphatic system upon primary issmnisza-
tion is covered only by isolated works, while research on this reaction
under conditions of re-imsculation is almost non-existant. Yet the exis-
tence in practice of a large quantity of corpuscular vaccines demands
that the mechanimm of production of post-inooulation immunity following
immnization with corpuscular antigens be investigated.

duration of regional lymph node participation in the production of hm-
oral post-inoculation immnity after primary immunization with corpuscu
lar bacterial antigen.

For the study of such questions the methods of extirpation of the
regional node or comparative study of antibody titer in the lymph flowing
to and from the node are used the most often. Some authors (Shumakova,
'1960; Stepin, 1960) used in their:investigations the method of determin-
atlon of antibody titer in the blood serum in relation to the quantity of
regional lymph nodes involved in immnogenesis. This method, which we
have also used, has the advantage that it obviates the necessity of sur-
glcal intervention and of the concurrent "surgery control,” and particu-
larly that it eliminates the post-operative changes in the animal's or-
gmiﬂlo :

Governed by the fact that every pattern can be demonstrated with
partioular clarity under certain conditions, we determined first of all
the vaccine dosage producing the most marked "regional effect," i.e. ac~
cumulation of antibodies primarily in the regional node with minimal re-
sponse by the remote portions of the lymphatic system. Such a dosage
(one billion bacterial cells) was found by a purely trial-and-error method
in preliminary experiments.

The first series of experiments was conducted on 28 chinchilla
rabbits weighing 2.4 to 3 kilograms. The animals were divided into two
equal groups, selected in such a manner that the average normal antibody
titers, determined prior to inoculation, were the same in both groups.

We immnized the animals with single-dose subcutaneous injections of heat-
ed typhoid vaccine, prepared from a Tyz No 4il6 strain. We used vaccine
from a homologous strain, killed by heat, as a diagnosticum. The rabbits
in the first group ( in this instance the control group ) were inoculated
with one billion bacterial cells in the external surface of the lower
third of the right hind leg, the animals in the second group (experiment-
al) were given one-quarter the full dose (i.e. 250 million bacteria) in
the external surface of both hind and forelegs. Blood for testing was
taken on the fifth, eighth, twelfth, fifteenth, twenty-fifth, forty-fifth
and sixtieth day from the time of the first inoculation.
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It was established (figure 1) that during the first twelve days
following immunization there was a very distinct difference in the dynam-
ics of accumlation of agglutinins in the serum of the experimental and
control rabbits: at the height of antibody production (eight day after
immnization) the average titer was two and a half times higher in the
former group than in the latter. Starting with the fifteenth post-inoc-
wlation day amd up to the sixtisth day, the agglutinin titers becans &
qualized, however they remained higher in the hlood serum of the experi-
mental animals for the duration of the follow-up period. The same pattem
was demonstrated upon analysis of the agglutinin titer dynamics in the
serum of rabbits taken aeparately. The accuracy of the remiltsof this ex~
periment was confirmed by variation statistical processing (probability
of mill hypothesis P < 0.05).

The presented data can be explained from the standpoint of simml-
taneous participation of four groups of regional nodes in the production
of antibodies., However, other explanations are also possible, first of
all from the position of nonspecific stimlation of several areas of the
skin surface, as well as reflex from interoceptors in the stroma of the
lymph nodes. It is known that these factors, while they do not actually
cause the production of antibodies in the organism, regulate antibody
g.lﬁction and can be instrumental in elevating the antibody titer of

serum.

In order to show that in the described experiments these factors
did not play a decisive role, a second series of experiments was conduct-
ed on 26 rabbits of the same breed and weight. The animals were divided
into four groups: one experimental and three controls. The ten rabbits
in the first group were given heated typhoid vaccine, in the amount of
one billion bacterial cells, in the right posterior extremity; ten rab-
bits in the second (actually the experimental group) group were immmuniged
in all four extremities with doses of 250 million bacterial cells; the
three rabbits in the third group were given the full dose of vaccine di-
vided into four equal portions of 250 million bacterial cells, introduced
sizmltaneously into four adjacent points on the external surface of the
right hind leg, and the three rabbits of the fourth group were given one
billion bacterial cells in the right hind extremity and simultaneously
0.25 milliliters of saline was injected into the other three extremities.
Elood was taken for testing on the fifth post-inoculation day. The aver-
age antibody titers in the serum of experimental and control animals
were the same: for the first group —= 11230, for the second (experiment-
al) ~- 131980, for the third == 13300, for the fourth group —- 1:370 (fig-
ure 2). It may be considered that the data obtained in this series of
experiments permit exclusion of nonspecific stimmlation of skin and lymph
node receptors as the primary cause of the higher antibody titer in the
serum of the rabbits inoculated in all four extremitiles.

Thus, the results of the two described series of sxperiments demon-
strate that there is a relationship between the quantity of reglonal lymph
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nodes involved in the immnological process and the antibody titers in
the hlood serum. However it was interesting to investigate the relation-
ship between the extent of lymph tissue involvament in irmunogenesis and
the degree of humoral immnity as reflected by other indicators of im-
manity, and first of all by the preventive properties of blood serum. For
this purpose a third series of experiments was conducted: eight rabbits
were inoculated with a single subcutaneous injection of heated tyhpoid
vaccine, prepared Irom Ty, No W6 “strain; ZTour rabbits (the control ' -
group) were vaccinated on the external surface of the lower third of the
right hind leg with one billion bacterial cells; four other animals --
in the external surface of both hind and forelegs with 250 million bacter-
ial cells each. Blood was taken for testing prior ito immmnization as well -
as on the fifth, tenth, fifteenth and fiftieth days post-inoculation.
After settling and free » the serum was lyophilized in a Dolinov vacum
dessicating apparatus for hours. All subsequent work was done on des-
sicated serum diluted with saline on the day of the experiment. The ser-
um tests for both groups were done simltaneously. Albino mice, weight
14~-16 grams were used in the experiments. Serum dilutions of 1:3, 1:9,
1327 and 1:81 were prepared and injected intraperitoneally, in doses of
0.4 milliliter, to four mice. The mice were also inoculated intraperi-
toneally 24 hours after injection of serum with a culture of Ty, 1203 in
0.4 agar. The dosage which we used, one million bacterial cells (0.2
milliliter of bacterial mass suspension in saline and 0.8 milliliter of
agar) equalidd on an average 6 LDgy of culture. Every stage of the invest-
igation was accompanied by a test of the virulence of the culture and de-
termination of the preventive properties of the standard serum administ-
ered in the experiment. A record was kept of the death rate for a per-
iod of three days. The preventive activity of the blood serum was expres-
sed in PD50, i.e. minimal dose of serum (in mil1iliters) that protected
50% of the mice from the given culture dose. The results were processed
statistically (P < 0.01).

The follow-up observations showed that in the rabbits immunized in
one extremily the preventive activity of the serum remained essentially
the same as the pre-immunization level (only on the tenth day did it dem-
onstrate an 0.3% rise) vhile the preventive activity of the serum of rab-
bits inoculated in all four extremities grew to a considerably higher de-
gree. This difference in changes in prevemtive properties of the serum
of rabbits in different groups is illustrated on figure 3, where the degree
of change in preventive activity of the serum is shown as compared to the
initial level. The preventive properties grew in a larger measure in the
early postinoculation stages them gradually began to drop to the initial
leval. Tt 1s interesting to note that on the fiftlieth day only the serum
of the experimental group of rabbits still demonstrated prevemtive active
ity.

The presented results of the three series of experiments warrant
the conclusion as to the considerable role of regional lymphoid forma-
tions in the production of pose-inoculation immmnity with corpuscular
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antigen inooulation. Apparently, we must also broaden the concept of

the possibility of directed regulation of humoral impmnity which formerly
(Zdrodovskiy, 1960) was recognized only for dissolved antigens. This view
can also be confirmed by our research on antibody production and cell re-
actions in the lymph nodes proper, which will be shown in subsequent re-
ports. ;

Sonclugions

l. After primary subcutaneous immunization with corpuscular ty-
phoid vaseins (one billion bactsrial cells) agglutinin titers amd preven-
tive activity of blood serum was directly proportional to the quantity
of lymph nodes stimulated by the antigen.

2. The data obtalned indicate the predominant role of the region-
al lymph nodes in the prodnction of humoral imsmnity following lmsmniza-
tion with corpuscular antigen.
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Translation No. 904

CHANGES IN FRACTIONAL SERUM GLOBULIN AND LYMPH NODE
EXTRACT CONTENT UNDER THE EFFECT OF
TMMUNIZATION AND CORTISONE

Communication I

[Following is a translation of an article by A. N. Meshalova,
A. V. Beylinson, K. L. Shakhanina and I. B. Fryasginova, from
the Moscow Institute of Vaccines and Sera im Mechnikova
and the Institute of Epidemiology and Microbiology imeni
Gamalei of the Academy of Medical Sciences USSR, in the Rus-
sian-language periodical

Zurpal Mikrobiologil, epidemiologil
LM& (Journal of Microbiology, Bpidemiology and
Immunobiology) Mowcow Vol 40, No 7, 1 3. pages- 55-60.]

The cellulo-~mmmoral factors of immnogenesis and the effect of
steroid hormones on these processes have been studied by a number of in-
vestigators (Gaydamovich and Solov'yev, 1946; Gurvich and Shumakova, 1957;
Fontalin, 1?57 and 1960; Stavitsky, 1954 and 1957; Thompson, 1957; White
et al, 1955

There are data on the]changes in serum globulin and globulin frac-
tions under the effect of immunization and cortisone (Mikhnev et al, 1958;
Yegorova and Savina, 1958; Lebedeva, 1956; Blecher and White, 1958; Wel~
rmann and Hammerl, 1953; Aschkemasy, 1957, and others).

Biochemical changes in the lymphatic nodes and spleen have been es-
tablished as an index of increased protein synthesis under the effect of
antigen (S. Harris ard T. Harris, 1950).

ﬁ et al (1955) observed an increase in alphay-globulin under
the effect’ of cortisone in the serum of normal dogs. Aschkemsy (1957)
noted an increase in albumins in normal rats due to decrease in gaxma-
glotulin, reduced weight of the spleen and enlargement of the liver. He
concludes that cortisone causes a decrease in gém-globulins and elicits
destruction of lymph nodes.




. Halpern et al (1957) also observed increase in alpha-globulin and
decrease in gamma-glotulin content with destruction of lymph nodes follow-
ing administration of cortisone to young rats.

Welrmann and Hammerl (1953) described a reduction in alphsie- &nd
gamma globulin and increase in beta-glotulin after injecting cortisone to
immunized rabbits, as compared to immunized rabbits that were not given
cortisone.

The purpose the present investigation was to study the biochemical
changes of blood serum proteins, lymph node extracts and spleen of immm-
nized animals following administration of cortimsone. '

Two series of experiments were conducted.

In the first series 19 rabbits, weighing two to three kilograms,
wers used. Nine of these rabbits were given intramuscular injections of
cortisone, 10 milligrams per kilogram of body weight, for three consecu-
tive days, and the blood serum and organ extracts were examined on the
third, seventh, tenth, fifteenth and twentieth day after injection of cor-
tisone., The remaining ten rabbits were not given any cortisone; they
served as controls.

In all of the normal rabbits the fractional protein content was
determined by the electrophoretic motility in the blood serum, lymph nodes
and spleen, and concurrently the plaamocytic reaction was determined on
impression preparations.

The obtained data served as the reference criteria to be compared
with the results of analagous tests in the experimental animals.

The rabbits were anesthetized with urethane for removal of the or-
gans. The sterilely removed lymph nodes -- subpatellar, inguinal, axil-
lary, mesentery -- and spleen were weighed on a torsion balance, shredded
in a mamal homogenigor, diluted to 1:10 by weight, and cemtrifuged.

The Kjeldahl method was used to determine the total protein in
the obtained centrifugate; then it was desiccated by lyophiligzation and
used for biochemical and seralegical analysis. The plamocytic reaction
was tested on the impression preparations made from the lymph nodes and

Splm.

The fractional protein content was determined by means of elec-
trophoresis on paper with an LKV instrument in a veronal btuffer (pH= 8.6,
ion intensity -—- 0.05). Prior to applying the serum to paper it was di-
luted in equal parts with saline, and the organ extracts -- with one-
f£4fth the initial volume of saline. The alectrophoregrams were stained
with amid-black, cleared with vaseline oil and interpreted with a densito-
neter.
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The cited tests demonstrated a significant difference between the
electrophoregrams of serum and organ extracts.

While in the blood serum there was a distinet division of glotulin
into gamma-, beta- and alpha-fractions, in the organ extracts this divi-
sion was not distinct, yet a considerable fraction is observed with a low
electrophoretic motility. On the dlectrophoregram of spleen extracts the
maximal protein content was observed in the form of a distinct band be-
tween beta- and gasma-glotulin.

This the electrophoretic motility of serum proteins and organ ex-
tracts of normal animals was not the same. o o

Weirmann and Hammerl (1953) indicate that in rabbits immunized with
the use of cortizone there 1s a decrease in gamma glotulin and increase
in beta-glotulin content in the blood serum (table 1) as compared with
the control animals.

Cortisone was administered daily, intramscularly, in doses of 12
milligrams per kilogram of weight.

The data we obtained demonstrate the reduction in the gamma-frac~
tion of globulin and increase in beta-fractions and blood serum albumin
of normal rabbits under the effect of cortisone. In the organ extracts
there is increase in altumin and an inappreciable change in glotulin
fraction (table 2).

The plasmocytic reactions of normal and cortisone-treated animals
revesl that there is total disappearance of plasma cells from the lymph
nodés and spleen under the effect of cortisone. The quantity of plasmo-
cytic cells (lymphocytes and lymphoblasts) in normal rabbits ranges from
10 to 16==17 in 50 fields of vision; after administration of cortisone,
on the third and seventh day, no plassa cells are found in the lymph nodes
and spleen; on the tenth and fifteenth days isolated cells are observed.

Thus, our experiments permit us to conclude that the effects of
cortisone on normal rabbits are a reduction of the gamma-globulin frace
tion, increase of the beta-fraction and albtumins, inhibition of plasmo-
cytic reaction.

In the next series of experiments we used  rabbits, weighing 1.5
to 2 kilograms, which were divided into two groups, 17 rabbits in each.
The first group was immmunized twice intravenously with typhoid vaceine,
400-800 million and one billion bacterial cells, seven days apart. The
other group was immunized in the same manner, tut five days prior to im-
minization the rabbits were given intramuscular injections of cortisone, -
20 milligrams per kilogram of weight. Tests were run on the third, seventh,
twelfth, fifteenth, twentieth and twenty-fifth days after the last inocu-
latlon.
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We present the data on electrophorectic motility of serum protein
fractions and organ extracts under the effect of immunization and corti-
sone (tables 3 and 4). The organ extract globulin was not broken down
into fractions.

The data demonstrate the change in serum glotulin of immunized
animals due to increase in gamma-globulin fraction. In the lymph node
extracts there is an increase from 0.42 to 0.57 percent in protein by the
end of the observation period; and the globulin content is increased by
224 (from 0.% to 0.44%). No particular changes in fractional composi-
tion of protein in the spleen extracts were noted.

The pre~-immunization introduction of cortisone alsoc elicited an
increase in protein content, but this was the result of a large amount of
albumin and not increase in gamma-globulin content. During the first
post-immunization days a lower gamma-glotulin content was observed with
gradual increase towards the fifteenth-~twentyfifth day from the time of
the last lnoculation.

Under the effect of cortisone the lymph node extracts demonstrated
increase in total protein due to increase in albumins, and the gquantity
of glotulin was almost unchanged (table 5).

No ché.nges in the fractional composition of protein were observ-
ed in the spleen extracts.

On the basis of the foregoing it may be considered that cortisone
admini stered to immunized animals elicits globtulin synthesis disturbances
in the lymph nodes which, apparently may produce changes in antibody syn-
thesis.

The comparative data on gamma-globulin content in the serum of im-
mnized and cortisone-ireated animals demonstrate that there is a consid-
erable difference in gamma-globulin content in the various groups of rab-
bits. The antibody level dropped under the influence of cortisone, both
in the blood serum and in the lymph node extracts (figure 1).

Thms, the investigations we conducted indicate that there is a con-
siderable change in protein composition under the effect of specific anti-
gen and cortisone.

Conclugiong

1. The electrophoretic motility of blood serum proteins and organ
extracts of normal rabbits varies. In contrast to serum, there is in-
distinct glotulin fraction division in the organ extracts. At the same
time we observe the presence of a fraction with low electrophoretic mo-
tility.
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2. Administration of cortisone to normal rabbits causes reduction
in the gamma-fraction of globulin and increases the beta-fraction and al-
umins in blood serum. The albumin content increases in the organ ex-
tractS.

3. Following immunization with typhold vaccine there is a rise in
globulin content in the blood serum in the form of increased gamma-frac-
tion content. In the lymph node extracts there is an increase in protein
content owing to an increase in globulin.

4, Pre-immnization administration of cortisone to rabbits result-
ed in changes in protein content in the lymph node extraots due to an in-
crease in albumin content and imparied globulin synthesis.
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it serw: f)  Immunized, cortisone~treated ratlit serum.
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Change in {ractional composition of blood serum and organ .
extracts under the effect of cortisone in normal rabbits
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c) total prote'ln‘ (}) 4d) Fractional protein content (3) e) glo-
palin (3) £) albunin 3) wormel h) serun i) spleen extract

3) 1lyaph node extract k) after administration of cortisone.
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treated with: d) protein (%) e) protein content (in % of
total protein) on the following post-immunization days g) total

protein h) immunization i) cortisone j) immunization +
cortisone k) albumin.
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[Legend:] a) material examined b) ifraction name ¢) rabbits
treated with d) protein (%) e) protein content (in % of total
protein) on the following post-immunization days f) 1ymph node
extract g) total protein h) immnization 1) cortisone
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Translation No. 905

THE DISTINCTIONS COF IMMUNOGENESIS IN GUINEA-PIGS INOCULATED
OF IONIZING RADIATION INJURY

[Following is the translation of an article by A. Yu. Illyuto-
vich, B. N. Raykis and I. I. Labetskiy, from the Stavropol
Institute of Vacecines and Sera, the Russian-language per-

(Journal of Mic mioloandbio Mos-
cow, Vol 40, No 7, pages 61-64.]

In recent years the problem of the effect of ionizing radiation on
the production of immunity is being given serious attention. It is knowm,
in particular, that roentgen rays have an inhibitory effect on iLmmunity.

However, as has been correctly indicated by Troitskiy and Tumanyan
(1958) the detection of these effects, although they are very useful in
the sense of being able to contribute a rumber of practical conclusions
and theories, does not mean that the mechanimms of radiation effect on im
mnity are known.

In order to shed some light on the intimate processes occurring in
an immnized organism on a background of ionizing radiation effects, it
is important to study the cytomorphological changes that reflect to a
certain degree the immunological shifts occurring in such animals.

As is known, the morphological expression of immunological changes
in the tissues of an immnized (but not. irradiated) animal consists of
hyperplasia arising in individual organs, cellular trensformation and
phagocytosis (Rapoport, 1957). It has also been established that the rate
of mitotic division may be one of the indicators of degree of immnity -
(2alxind, 1959), whils transformation of reticular cells into plasmma cells
s a necessary link in the process of antibody synthesis (Pagreus, 1948).

In view of the fact that antibodies have been discovered in plas-

mocytes (Coons, 1955), these cells are considered (Zdrodovskiy, 1961) to
be the principles locus of immune globulin synthesis. However, there are
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not many data in the literaturs describing the cytomorphological changes
occurring in lymph nodes of animals immnized following irradiation. A
study of this question is of gemeral biological significance and of par-
ticular interest in detemining the process of production of immunity un-
der conditions of preliminary ionizing radistion.

The present paper sutmits tlie results of a study of the immunolog--
ical shifts in the irradiated animal organimm through a determination of
antitoxin. titer increment in the blood as well as cytomorphological
changes in the regional lymph nodes..

L total of 60 guinea~pigs was useds.

The experimental animals: wers. divided into three equal groupss:
the animals in the first group were immunited with two suboutaneous in-
Jections of adsorbed’ toxoid, 0.5 milTiliters per injection spaced 30: days
apart; the animals in the second group were immunized in the same manmner
beginning on the fourth day after single total roentgemn. irradiation,, in
a dosage of 300 roentgen units (with an RUM-3 machine, 190 volts, 10 mil-
liampers, filteras 1 Cu _ I Al, half-strength layer -- 1L.43 centimeters,
target to focus distance -- 40 centimeters, rate of delivery: 26.75 roemt-
gen units per mimte to the surface, time -~ eleven mimtes and 39 sec-
onds); the animals in the: third group received only roentgen treatment.
under the same condiiions as thoae in the second group. As a control we
uged healthy guinea-pigs that were not irradiated or immunized.

The follow-up observation period extended for 30 days from the time
of the second antigemn injection.

The tlood antitoxin titer was detarmined (by a biological test) on
the second, fifth, twelfth, twentieth and thiitiety post-incculation days..

The cytological changss in the lymph nodes were determined on
moist impression preparations (Rewtskaya method), stajned with methyl
green and pyronine. In the preparations we calculated the total mmber
of plasmocytes in relation to all of the lymph node cells, the quantita-
tive ratio of the various forms; we also analywzed other cytomorphologi-
cal changes.

As a result of our observations it was established (figure 1) that
in guinea pigs immunized but not irradiated the antitoxin titer (21 AE)
in the blood serum attained a maximmm level on the twelfth day following
the second antigen injection. Subsequently it dropped somewhat, tut still
remained at a relatively high level (15-17 AE). In the reglonal lymph
nodes of the guinea-pigs in this group a large amount (up to %) of plamma
cells appeared. The increase in plasmocyte content (figure 2) was accomp-
anied by development of plaammocytes up to mature forms with destruction
of the latter. Increased mitotic division was observed primarily in the
1lymphotlastic cells. '
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In addition to increased plammocytic activity and cellular divi-
sion, we were also able to detect a large accumulation of cytoplasmic
sphere-like formations, strongly stained bty pyronine and consequently
rich in ribomcleic acid (figure 2, k).

Immnization of the animals in the second group, begun on the
fourth day following irradition; elirited less marked immunological chang-
es in the blood and lymph nodes. For almost the entire follow-up period
the antitoxin titer was lower than in the non-irradiated animals. Tmmun-
ization did elicit an increase in plaamocyte content, mitosis and cyto-
plasma spheres rich in ribomucleic acid, however, the mumber of plaama
cells began to increase much later than in the guinea-pigs that were only
immnizéd (first group). Thus, while in the non-irradiated animals the
plasmocyte content was considerably higher than normal on the second day
(1.74, with a normal of 0.2 to 0.3%) and attained 3 on the fifth day, in
the group of irradiated animals the rise in plasmocyte content (to 2.7%)
occurred only on the fifth day following the second toxoid injection.
Thus, in the group of guinea-pigs treated with poentgen radiation, the
plasmocytic reaction occurred later and was less pronounced than that of
the mn;irradiated animals at the same period (after the second toxoid in-
Jection).

In addition to an increase in total number of plasma cells, the
quantitative relatlonship between the different forms in the lymph nodes
also changed. .

The morphogenetic pattern in the lymph nodes of animals that re-
celved only roentgen radiation (the third group) was characterized by a
somewhat higher than normal plasma cell content (primarily owing to trans-
sitional and a few immature forms).

Thus the differentiated morphological analysis confirmed the im-
portance of plasma cells for antibody synthesis and showed that irradia-
tion inhibits the processes leading towards increase in number of plas-
mocytes. .

Apparently the accumulation of cytoplasmic spheres containing ri-
bormcleic acid also has a certain significance in immunogenesis, inasmmch
as a high ribomucleic acid content is in turn an indicator of increased
synthesls of preoteins in general and consequently of lmmmune protein as
wello

Conclusions
1. Accumlation of plasma cells in the regional lymph nodes of

animals immnized with adsorbed tetamus toxold preceded the appearance
of antitoxins in the blood.
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2. Animals immnized following roentgen irradiation demonstrated
a lower plasma cell content in the lymph nodes and lower antitoxin con-
tent in the blood than nonirradiated animals.

3. The less pronounced plasmocyté reaction in animals immnized

following ionizing radiation is explained by lnhibition of the processes
leading towards mmtiliplication of this type of cells.
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Translation No. 906

IMMUNIZATION OF JRRADIATED GROUND-SQUIRRELS (CITELLUS SUSLICA
GUELDENSTAEDT) WITH PENICILLIN AND PENICILLIN-ALUM
LEPTOSPIRA VACCINE

[Following is a translation of an article by V. P. Moro-
zova, from the Voronezh Medical Institute, in the Russian-
language periodical bio idemiologii

i Jppunobiologii (Journal of Microbiology, Epidemiology
and Immnobiology) Moscow, Vol 40, No 7, pages 65-67.ﬁ

A study of the pattern of artificial immunization in irradiated
animals has established that when vaccines that are easily resorbed from
bacilll coli are injected in a single dose shortly before and after irw
radiation they did not protect the organism from death following infec~
tion (Troitskiy and Tumanyan, 1958; Klemparskaya et al, 1958). Conse-
quently, for immunization on a background of ionizing radiation other vac-
cines are required: those that are capable of elicitimgzan immunological
shift in the organism at short intervals between irradiation and with
subsequent inocitlation.

The purpose of this investigation was to study the anti-Leptos-
pira immnity in ground-squirrels(Citellus suslica Gueldenstaedt) against
an infectious Leptospira culture.

We conducted experiments on 150 ground-squirrels, welghing from
150 to 250 grams. The animals received single doses of total irradiation
from an RUM-11 machine. Conditions of irradiation: 195 kilovolts, 15
milliamperes, filters: 0.5 millimeters Cu + 1 millimeter Al, rate == 19
roentgens per mimite, total dosage -- 200 roentgen units.

The ground-squirrels of one group were inoculated with an easily
resorbable penicillin preparation of Leptospira, the second group =-- with
the same vaccine tut adsorbed with alum. The vaccines were introduced
once, subcutaneously, in a dose of 2 milliliters. After injection of
penicillin-alum vaccine a firm infilirate the size of a hean was fofmed
under the skin which did not resolve for the duration of the experiment.
There was no local reaction to the penicillin vaccine.
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The arimals were infected 20--25 days after immunization with ad-
sorbed vaccine and 10-12 days after inoculation with the nonadsorbed
vaccine., These intervals coincided with the maximum production of anti-
bodies (Zemskov and Khomik, 1951; Khomik, 1951). The animals were in-
focted with a ten-day old culture of Leptospira grippotyphose (Ovtsa

. strain 964) containing 100-150 Leptospira in-a field of vision.

Five series of experiments were conducted with each vaccine, and
the animals were immmunized two and ten days prior to irradiation, on the
day of irradiation and two and ten days after irradiation. In each ser-

— ies of experiments there were contrel animale that were irradiated and
infected at the same times as the experimental animals, tut the controls
were not vaccinated. There were also two other comtrol groups of ground-
squirrels that were not irradiated but were inoculated with adsorbed
(first group) and nonadsorbed (second group) vaccine. Infection of the
controls was done simultaneously with the experimental animals. A third
control group consisted of animals receiving only irradiation.

Changes in weight and quantity of leukocyles in the btlood were
. determined in the irradiated animals. The ground-squirrels that died were
sutmitted to pathological examination. For the purpose of demonstrating
Leptospira infection a bacteriological examination was also made.

Table 1 shows that in the first series of experiments, of the 13
irradiated animals immnized with adsorbed vaccine six survived the sub-
sequent infection, while none of the five irradiated animals that were in-
oculated with nonadsorbed vaccine survived. In the second series, of the
eleven irradiated animals inoculated with adsorbed vaccine and infected,
five survived: all ten of the ground-squirrels, immnized two days after
irradiation with nonadsorbed vaccine and infected, died of leptospirosis.
0f the edght animals inoculated with adsorbed vaccine on the day of irrad-
iation, five became immune, while the six animals that received nonadsorb-
ed vaccine at the same times died as a result of the infection. Of the
14 ground-squirrels in the fourth group, immunized with adsorbed vaccine,
nine survived following infection; of the six inoculated with nonadsorb-
el vaccine - three survived. In the fifth series, seven animals surviv-
ed infection of the fifteen immunized with adsorbed vaccine, and one sur-
vived of the six inoculated with nonadsorbed vaccine.

All of the irradiated and infected, but not inoculated, animals in
all of the series of experiments died of leptospirosis.

Tahle 2 shows that of the eight animals receiving radiation only,
six survived. Two ground-squirrels died of radiation sickness. All of
the non-irradiated animals that were immunized with adsorbed vaccine and
infected acquired immunity to leptospirosis. Of the eight non-irradiated
ground.-squirrels inoculated with nonadsorbed vaccine and infected, two
died of leptospirosis.




As can be seen from the foregoing, immnization of ground-squir-
rels shortly before and after irzadiation with nonadsorbed, easily resorb-
ed vaccine did not produce immunity: the animals inoculated on the day .
of irradiation and two and ten days after irradiation did not survive ex-
perimental infection and died of leptospirosis.

When immunized at the same periods under the same conditions with
nonadsorbed Leptospira vaccine a considerable portion of the animals was
immune to the infectiocus Leptospira culture. The nonadsorbed vaccine eli-
cited some immunological reaction in the animals only when injected two
and ten days prior to irradiation, tut even under these conditions there
ware conslderzbly fewer immune animals than in the anilagous series of
animals inoculated with adsorbed vaccine.

It must also be stated that in the first series of experiments in-
oculation with either adsorbed or nonadsorbed vaccine was performed at
the height of radiation sickness which, according to a mumber of authors,
not only does not lead to the production of immunity tut even aggravates
the course of radiation sickness. Nevertheless, even under these diffi-
cult experimental conditions, of the thirteen animals inoculated with ad-
sorbed vaccine, seven acquired immunity while all of the animals inocu-
lated at the same times with nonadsorbed vaccine died following control
infection.

In the fifth series, infection of the animals, inoculated with non~
adserbed vaccine, .coincided with the second day of radiation sickness and
in those inoculated with adsorbed vaccine -~ with the height of radiation
sickness. As is known, when animals, that have been immunized with kil-
led vaccines easily resorbable from intestinal bacilli, are infected at
the hetght of radiation sickness they are susceptible, but immunization
with adsorbed vaccine resulted in considerable resistance of the animals
to leptospirosis even when they were infected during this same period.
Apparently this may be explained by the fact that adsorbed vaccine pro-
vides gradual and prolonged emergence of antligens in the blood and, con-
sequently, prolonged stimulation of the lymphoid eldments that produce
antibodies. Thus, Hawkins and Wormall (1961), for instance, proved that
when alum-adsorbed ox albumin was injected to rabbits, it remained at a
relatively constant level for a long time. As a result, adsorbed antigen
is capable of eliciting irmpunizing stimulatlon in lrradiated animals even
when the acute phase of radiation sickness has passed (Morozova, 1961).
This property of the vaccine probably provides the production of a suffi-
ciently stable immunity in animals receiving single inoculations even
shortly before and after irradiation.

Gonclugions

1. In ground-squirrels, receiving single i.noculatiéns with Lepto-
spira adsorbed vaccine two and ten days before and after irradiation, as

. b -




well as on the day of irradiation, a sufficiently high specific jmmunity
was observed.

2. In ground-squirrels, receiving single inoculations with nonad=-
sorbed Leptospira vaccine two and ten days prior to irradiation, the spe-
cific immunity was considerably lower than that of the animals inoculated
with adsorbed vaccine. Immunization of animals with nonadsorbed vaccine
on the day of irradlation and two and ten days after irradiation did not
elicit development of immunity.

3. Adsorbed Leptospira vaccine was found to be a more effective
means of lmmunizing irradiated animals than nonadsorbed vaccine.
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Translation No. 907

ACTIVE IMMUNITY AGAINST GAS GANGRENE IN MONKEYS
' ‘UNDER CONDITIONS OF ACUTE TRRADIATION

[Following is a translation of an article by B. K. Dzhi-
kidze, A. S. Aksenova and S. X. Stasilevich, from the In-
stite of Experimental Pathology and Therapy of the Acad-
amy of Medical Sciences of the USSR, in the Russlian-lange
uage periodical i
dmpupotdologil (Journal of Microbtiology, Epidemiology
and Immnobiology, Moscow, Vol 40, No 7, pages 68-72.]

The study of the effect of ionizing irradiation on the production
of immunity has been broadly covered in the literature (Klesparskaya,
Troitskiy et al, Troitskiy and Tumanyan, Goncharenko, Taliaferro, Kohn,
Dixon et al, Jacobson et al, Craddock, and others). )

From the work of Soviet and foreign investigators it is knowm that
acute irradiation has an inhibitory effect on active and passive immune
ity. It has also been established that the degree of disturbance of im-
manity is in close relationship with the irradiation dosage and the
length of time between immunisation and irradiation. The general cone
clusion drawn from these investigations is arrived at in the following
manner: with inoculation prior to irradiation immnogenesis is not es-
sentially impaiied, while irradiation prior to administration of antigen
alicits inhibition of immnogenesis. Yet in both instances, upon test-
ing the active immnity of inociilated animals it has been found that there
is a marked reduction in general resistance and a mild increase in speci-
fic insusceptitility (Tumanyan and Izvekova).

Not much work has been done on the question of effectivity of de- -
layed revaccination under conditions of acute irradiation, and the re-
sults of investigations are contradictory. Some authors indicate the
high protective role of re-inoculation in acute experimental radiation
sickness (Klemparskaya, Krivenkov), others hold the exact opposite view.
(Shabarov).

In our preceding investigation ([Note]: Zh. mikrobiol. ((Journal
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of Microbiology), No 1, 1963, pages 132-137) it was demonstrated that

revaceination six months after immunization with adsorbed tri-toxoid was
effective and protected monkeys from fatal illness after they had receiv-
ed fractional irradiation (1.17 roentgen units per day) for a cumlative
dosage of 500 and 600 r [roemntgen units]. The monkeys were resistant to
infection with three to six Dlm [minimal lethal .doa:i of Cl. perfringens

In the present investigation we attempted to study on monkeys the
effectivity of revaccination in gas gangrene under conditions of radia-
tion sickness produced by delivery of sublethal dosage of acute irradia-
tion. The investigation was conducted on 30 monkeys.

Nineteen monkeys (Macacus Rhesus), two to three and a half years
old, were used in the first series of experiments. All of the monkeys
were inoculated twice with adsorbed tri-toxoid (Institute of Epidemiology
and Microbiology imeni Gamalei) containing 40 EC of Cl perfringens anti-
gen. The preparation was injected twice subcutaneously at a 20-day in-
terval, 1 milliliter each time, in the left thigh.. Five months after
immunization the monkeys were divided into three groups: six monkeys in
each of two experimental groups and seven in a control group. The mon-
keys of the first group were reimmunized 24 hours prior to irradiation
and those of the second group -~ 24 hours after irradiation. The con-
trol group did not receive any radiation, but was revaccinated at the
same times., TFor re-immunization 1 milliliter of tritoxoid was used. The
serunm was titrated in the Yecitho-vitellin reaction by the usual method.

Radioactive cobalt was used as a source of radiation energy. The
irradiation dosage was 388 r, delivered at a rate of 111 r per minute,
exposure time -~ 3} minutes. Three monkeys from each of the two experi-
mental groups were irradiated with multiple fractional doses -- 10 and
20 r per day up to a cumlative dosage of 490 r -- sixteen months prior
to the acute irradiation. Four of the seven control animals were irradi-
ated in the same manner. :

The irradiation caused development of acute radiation sickness of
moderate severity on the tenth~-fourteenth day, with pronounced leukopen-
ia, very negligitle erythropenia and reduced hemoglobin content, and ap-
pearance of pinpoint hemorrhages. Outwardly the monkeys' general condi-
tion changed little. .

As can be seen from the table, which presents the data on deter~
mination of quantity of antitoxin against Cl perfringens antigen before
and after revaccination (on the fourteenth day), revaccination stimulat-
od the accumulation of specific antitoxin in the monkeys of the three
groupse. It must also be noted that the antitoxin titer in the animals
revaccinated prior to irradiation was ten to thirty times higher than the
previous indices; in the group irradiated prior to revaccination it was
five to 30 times higher in five instances and in one instance the initial
titer did not change. In the control animals the antitoxin titer was
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two and a half to ten times higher. The mean antitoxin titer in the.re-

vaccinated group was higher than in the controls. Thms, the mean titer

in the animals reimmunized prior to irradiation was 1.9 AE, in those re-

immnized after irradiation -- 0.85 AE and in the control group -- it did
not exceed 0.53 AE. '

Thus it has been shown that sublethal doses of irradiation not
only did not inhibit the organism's secondary immunological reaction to
revaccination, tut on the contrary, they stimulated accumulation of anti-
toxins at rather high titers. These data are in agreement with those of
Kovtunovich who established, under corditions of spaced re-immunization,
that there was a higher production of antitoxin in irradiated guinea pigs
as compared with the controls, regardless of the irradiation dosage and
of the periods at which the antigens were inoculated.

Further, we tested the resistance of irradiated animals to infecs
tion by the gas gangreme pathogen. This permitted us to evaluate the ef-
fectivity of reimmunization as well as the relationship between antitoxin
level in the blood of irradiated animals and their resistance to infec-
tion. For this purpose all of the immunized animals were infected with
2.5 milliliters of Cl perfringens on the sixteenth day after irradiation;
this dosage, as was shown by preliminary titration on healthy monkeys,
corresponded to 3 Dlm. For infection we used an 18-hour culture grown on
Kitt-Tarotstsi medium. The culture, which was activated by the addition
of a 504 calcium chloride solution (0.1 per milliliter), was injected in-
to the left thigh muscle.

On the day after infectio,, all of the monkeys became listless and
could not step on the affected extremity. Examination revealed local
phenomena typical of gas gangreme: edéma and blue discoloration of the
skin at the site of inoculation, crepitus. Two to three days after the
inoculation, we were able to observe a difference between the course
of illness in the irradiated and control animals. In the former, it was
very severe with sharp disturbance of the general condition and extentive
gangrene of the thigh muscles. The control monkeys demonstrated a light
course, the process was localized, fistulae were formed on the f£ifth day
after infection, the wounds demonstrating healing by first intemntion with-
in a month. Infection of control animals elicited a rise in antitoxin
titer of the blood in contrast to the two irradiated monkeys that surviv-
ed, in whom a reduction of antitoxin titer was observed.

The table also presents the results of testing the immunity.
They show that all of the animals irradiated after revaccination died
from three to eleven days after experimental infection, four of the six
animals irradiated prior to revaccination died on the second to fourth
days after infection, while all of the control animals survived. Thus
no sorrelation was observed between the antitoxin level of hlood serum
of irradiated monkeys and their resistance to infection.
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Consequently, reimmunization performed 24 hours before or 24 hours
after irradiation was found to be little effective.

In the second series of experiments we attempted to determine the
significance of intervals between revaccination and irradiation in the
development of immunity to gas gangrene. For this purpose six monkeys,
revaccinated six months after immmnigation and one month prior to irradi-
ation with a dose of 400 r, were infected with Cl perfringens. In this
instance, three of the six monkeys died, the others experienced a very
severe illness from which.they recovered within a month.

‘Thus, revaccination praformed one month prior to irradiation was
found to be effective enough and resilted in the survival of half of the
experimental animals. The practise of two-phase revaccination, the first
one month prior to irradiation and the second seven days after irradia-
tion did not ehhance the effectivity of inoculation imsmunity. Tms, of
the five monkeys irradiated with a dose of 400 r and infected after two
inoculations, three died.

On the basis of the presented data it becomes apparent that revac=-
cination, performed 24 hours before or 24 hours afier acute irradiation,
is inadequate for the prevention of development of fatal illness after
infection with 3 Dlm of gas gangreme pathogen. At the same time, we see
that immunity to gas gangrene is not governed solely by the level of spe-
cific humoral protective factors. As can be seen by the foregoing data,
with relatively high antitoxin titers in the blood, in monkeys irradiat-
od 24 hours after reimmnization the immunity test showed a total lack of
immnity. Analagous findings were obtained by Nechayevskaya et al who
proved the absence of resistance to minimal doses of anaerobic infection
pathogen in guinea-pigs with high antitoxin titers in the hlood.

The survival of monkeys revaccinated 24 hours after irradiation
can apparently be explainéd on the basis of individual peculiarity of
these animals. We are not at all inclined to evaluate this as the result
of increased radioresistance due to previous administration of amall
doses of radiation energy, although there are such reports in the litera-
ture. On this basis it may be assumed that in the mechanism of immunity
against gas gangrene a leading role is played by a change in cellular
reactivity which is impaired to a great extent by the effect of radiatiou.
The results obtained confirm the opinion that rradiation causes a reduc-
tion in animals' resistance to infection, although production of antibod-
les durix):g this period may not be altered (Troitskiy et al, Tumanyan and
Izvekova).

The survival of three out of the six monkeys revaccinated one month
prior to acute radiation can apparently be explained by the fact that dur-
ing this period thers is time for the development of adequate specific im-
mnity which is only partially impaired by irradiation.
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Sonclugions

1. Revaccination 24 hours prior to or 24 hours after acute irra-
diation stimulated the accumlation of antitoxin in the blood against Cl
perfringens antigen. However gas gangrene 1punity tests show the absence
of correlation betweem the nntitoxin titer and degree of 1mnity.

2. Revaccination 24 hours prior to or 21& hours after irradiation
of animals in sublethal doses was little effective.

3« Revaccination one month prior to acute irradiation caused in-
creased survival rate of monkeys when they were infected with lethal doses
of gas gangrens pathogen.
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Translation No. 908

THE USE OF HAMSTERS (CRICETULUS TRITON) FOR THE STUDY
OF TMMUNROGENIC PROPERTIES OF WOUND INFECTION
AND BOTULISM TOXOIDS

[Following 4s a translation of an article by L. M« Samoro~
dov in the Russian-language periodical Zhurpal Miknobio-

Ogil, epldemiologll i lmmuinopiologld (JO‘U.I'DBJ.‘ of Micro-
biology, Epidemiology and Irmunobiology) Moscow, Vol 40,
No 7, page 72-76.]

¢

At the present time the harmlessness and immnogenicity of wound
infection and botulism toxoids are being tested on guinea-plgs. However
these animals multiply slowly (eight to tem offspring per female per an-
num), they are relatively expensive, and their maintenance in a laboratory
is involved with certain difficulties, Therefore it seemed desirable to
investigate the possibility of using hamsters (Cricetulns triton Winton
species, 1899) instead of guinea-pigs for testing toxoids; the hamsters
mltiply rapidly under laboratory conditions (40-60 offspring per anmm
per fe;ale) and they are available in large quantities (Vinogradov and
Gromov) .

The data in the literature concerning the use of such hamstera
for laboratory investigatlons are extremely sparse.

Only a few ers have been putlished on the question of inoculat.
ing plague (Suknevg? tularemia (Dunayev), Prowazeki rickettsiosis (Kula-
gin) and recurrent tick fever (Mishchenko) to hamsters. All of the
authors established the susceptibility of these small hamsters to the
cited infections. There are also indications in the literature, by Kov-
alevskiy, on the possibility of using hamsters in work with Leptospira,
tularemia and ricketsiosis.

A1l of the a.bovo-montioneﬁ investigators reached the: smme conclu«
sion as to the possibility of using the Cricetulus triton as a suitable
biological indicator in the study of infections.

We did not find any data in the literature concerning the suscept-
ibility of these hamsters to the toxins of anaerobic infection and
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botulism pathogens; nor did we find indicatians as to the possibility
of using these animals for the study and testing of immunogenic proper-
ties of the corresponding toxoids.

We studied the possibility of using Cricetulus triton for the de-
termination of immmnogenic properties and harmlesaness of native and
purified concentrated as well as aluminium hydroxide adsorbed toxoids of
type A, B, € and E C1, botulinum, C1 tetani, perfringens and oedematiens.
We conducted our research on animals weighing 150 to 180 grams. Ouinea-
pigs weighing 300 to 400 grams were used as controls,

The animals were immunized subcutanecusly with a single dose (of
varying amounts) of mono- and polyvalent toxoids containing a constant
amount of aluminium hydroxide with total adsorption of antigen. At least
- five to seven hamsters and five control guinea-pigs were given the same
imminizing dose. The immnization results were evaluated by the specific
antitoxin titer in the blood serum of the immunized animals and by their
resistance to administration of the corresponding toxins.

Prior to immnization the animals' blood serum was examined for
the presence of natural specific antibodies. We did noi detect any anti-
botulin (type A, B, C and E), antigangrene or antitetamus toxoids in any
of the 14 readings within the range of sensitivity of the method used

Shorn ok g paratov [Collection of

yen?® 7" X Yd Dok Y ELY
Instructions sting of Bact » Moscow, 1946).

By testing the semsitlvity of the hamsters to botulin toxins and
to toxins of wound infection pathogens as compared to the sensitivity of
guinea-pigs to these toxins it was estahlished that the Im [minimal
lethal dosage] quantities of toxin as related to the animals' weight (we
used dry standard toxins) were the same as for guinea-pigs. However, in
view of the fact that these little hamsters weigh 50% less than guinea-
pigs, it follows that their sensitivity (on the basis of one gram of bedy
weight) is half that of the guinea-pigs.

The clinical picture of intoxication in hamsters following injec-
tion of one Dlm of toxin was the same in guinea-pigs. Ths, with injec-
tion of botulin toxins the hamsters died at the same times as the control
guinea-pigs with phenomena of severe muscular weakness, sharp decrease
in dermal turgor, collapse of abdominal walls ("wasp waist"), Tetams
toxin elicited the death of the hamsters with phenomena of sharply marked
tetamus and deviation of the spine. Injection of gangreme toxins result-’
ed in a clinical picture of gangrene and death of the hamsters which in
no way differed from the clinical picture in the control guinea-plgs.

Thus, these hamsters cannot be distinguished from gu,iqw-pigs,"
with respect to susceptibility and semsitivity to toxins of wound infec-
tion and botuliam pathogens.




Further, we determined the immmnogenic propertlies of concentrated
adsorbed monotoxoids of all of the wound infection pathogens and those
of botuliamm, types A, B, C and E, after being injected subcutaneoualy in
a single dose. We used the method of single dose immunization inasmch
as the quality of the antigen or immunological reactivity to it of either
species can be evaluated objectively only in experiments with single dose
immnization, which has been indicated by Khalyapina and Roskovskaya,
Mel'nik and Starobinets, Zubova, Chértokova et al, Vorob'yev in their in-
vestigations.

The antibotulin and antitetamus antitoxin titers in the blood ser-
um of the hamsters were dozens of times higher than in the guinea-pigs
(table 1). Gangrene toxoids elicited about the same immnological respon~
se. In testing the degree of immnity it was estahlished that in parallel
with the high antibotulin and antitetams antitoxin titers the hamsters
were better protected from injection of larger doses of the corresponding
toxins than guinea-pigs. The immnity to gangrene toxins was about the
same in the hamsters and guinea-pigs. Consequently, the hamsters had a
rather high immnological reactivity with respect to wound infection and
botulism toxoids, which justifies their being considered suitable for the
determination of immunogenic properties of adsorbed monotoxoids of anaero-
bie infection.

In the next series of experiments we studied the immmnological re-
activity of hamsters as compared to that of guilnea-pigs following immuni-
zation with compound preparations including purified adsorbed types 4, B,
€ and E botulin, tetamus and gangrene toxoids. The results showed that
in response to single dose immnization with adsorbed polyvalent toxoids
the hamsters demonstrated higher antitoxin production and were more re-
sistant to administration of higher doses of toxins thamathe control
guinea-pigs (tabtle 2). Thus, with immunization of hamsters with poly-
toxoids we obtainéd the same results was with impmnization with adsorbed
monotoxoids.

In view of the fact that the hamsters responded to immnization
with a full dose of adsorbed polytoxoid with higher antitoxin production
than the control guinea-pigs, it seemed of interest to determine the op-
timal-minimal immunizing dosages of polytoxoids for the hamsters which
would permit obtaining antitoxin titers comparable to those of the control
guinea-pigs. This was also necessary in order to be able to compare the
results of testing the immunological effectivity of compound preparations
on hamsters with the results obtained previously on guinea-pigs. For
this purpose the hamsters were immunized with one-tenth and one-fifteenth
of the doses of polytoxoid administered to the guinea-pigs. We found
that the antitoxin content in the blood serum of the hamsters that had
been immunized with one-fifteenth of the guinea-pig dose was about the
same as in the serum of guinea-pigs immunized with a full dose of poly-
toxoid.
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For the se of determining the harmlessness for hamsters of
botulin (type E), tetamus toxoids and native wound infection toxolds
these preparations were injected subcutaneously in a total dose of 10
milliiiters (5 milliliters in sachihip). Infiltrates appeared at the
site of :I.nioction three to five days later. By the end of the follow
up period (15-20 days) areas of thickening and intention remained at the
site of the infiltrates. No-genersl phencmens-of intoxlieation were pre-
sent for the duration of the follow-up period’ and the animals gained
weight normally. In the control guinea-pigs the formation of infiltrates,
intention and thickening were observed in lesser quantity and dimensions.

Apparently the local phenomena are caused by a large amount of
free formalin in the native toxoids (0.3 to 0.4%6) and by the specific
distinctions of the skin and subcutaneous cellular structure of the ham-
sters. Injection of deformalized (by dialysis through saline and addi-
tion of sodium sulfate salt) toxoid in a subsequent experiment did not
elicit local phenomena in the hamsters or guinea-pigs.

It mast be noted that the dosage of toxoid used for the determina-
tion of hamlessness, 10 milliliters, is large for the small hamster and
in subsequent investigations of the harmlessness of. native and concentrat.
ed toxoids this circumstance must be taken into consideration.

Conclugions

1. The little hamster (Cricetulus triton) is susceptible to botu-
1in (types A, B, C and E), tetarus and gangrene (perfringens, oedematiens)
toxins. The clinical picture of intoxication in the hamsters could not
be distinguished from the intoxication of guinea-pigs.

2. In the normal blood serum of hamsters there were no natural
antibotulin, antigangrene or antitetanus antlbodies. :

3. The immnological reactivity of hamsters with respect to teta-
nus and botulin toxoids is higher than that of guinea-pigs. In response
to single-dose immunization with mono- and polytoxoids the corresponding
antibodies were produced in the blood serum of hamsters in higher titers
than in guinea-plgs.

4, These hamsters may be used instead of guinea-pigs for the
qualitative determination of toxins of wound infection and botulism patho-
gens as well as for the determination of immunogemic properties of ad-
sorbed monotoxoids and compound preparations..
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Translation No. 909

THE DETECTION OF BOTULIN TOXINS AND TYPE B AND C BACILLI
IN THE ORGANISM OF PATIENTS, ANIMALS AND CADAVERS

[Following is a translation of an article by T. I. Serge- -
yeva, from the Instite of Epidemiology and Microblology
imeni Gamalel of the Academy of Medical Sciences of the
USSR, in the Russian-language periodical, Zhurnal mikro-
biologil, epidemiologii 3 immnobiologii (Journal of Mic-
robiology, Epidemiology and Immnobiology), Moscow, Vol -
40, No 7, pages 77-82.

In recent years a mmbor.of reports have appeared in the foreign
literature concerning cases of botuliam in humans caused type C Cl.
botulirmum (Meyer and Eddie, 1953; Prevot and Terras, 1955).

Up to 1956 no type C Cl botudinum had been seen on the territory
of the Soviet Union. In 1956, in a study of a mass outburst of botulism
in minks near Kazan! for the first time in the Soviet Union we (Matveyev,
Bulatova, Sergeyeva, 1957) isclated a highly toxigenic strain of type
C C1 botulimum. Later on a report was published on the isolation of this
type of baciilus from the soll of the USSR (Kravchenko, Shishlina, 1960).
Tn this connection the question of diagnosing botuliam caused by the -
type C Clostridium gained important significance. '

Qur goal in the present investigation was to study the possibility
of detecting botulin toxins and type B and C bacilli in the organimm of
sick animals and in the organs of cadavers in relation to the administer-
ed dose and method of administering the toxin. For the purpose of pro-
ducing experimental botulism various doses of type B and C botulin toxin,
or five-day broth cultures of the same types, were introduced into the
stomach or respiratory tract of guinea-pigs and rabbits. The toxin was .-
introduced into the stomach with a camula made of a long, thick needle .
with an olive-shaped tip soldered to the end; it was introduced into the
respiratory tract through the nose, with a dropper, in various dilutions
of the toxin in a dosage of 0.2 to 0.5 milliliters.

The minimal lethal doses of toxin for the guinea-plgs and rabbits
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were first determined for the enteral and intranasal methods of admin.
istration. Proof that the toxin reached the respiratory tract (with in-
tranasal administration) was that the minimal lethal doses were four to
five times smaller than when it was administered by mouth.

The clinical plcture of the disease in animals experimentally in-
— focted with types B and € botilin toxfns was similar, and was manifested
by listlesmmess, refusal to eat, paresis of the hind extremities and
death due to paralysis of the respiratory center. When the toxin was ad-
ministered intranasally the illness developed more rapidly with pronounc-
ed symptoms of impaired breathing, ~

On the basis of our previous investigations conducted with type A
Cl botulimm toxin, in the present work, for the detection of toxin and
bacilll with the enteral mebhod of infection, we used only the liwver,
stomach and small intestine contents, and with the intranasal method of
infection « the lungs, liver and blood from the cadavers; only blood
samples were taken from sick animals.

To detect toxin in the blood and organs we used the neutraliza-
tion reaction with types B and C antibotulin serum on albino mice, and to
isolate the bacillus we made cultures from the organs on the following
media: casein-fungus, pepsin-peptone broth with pieces of meat, and
Hottinger's broth with pleces of meat in vaseline oil. Prior to inocula-
tion of the media 0.58 sterile glucose solution mas added to them. The
material was inoculated in two flasks, one of which was heated in a water
bath at 80° for 20 mirutes. The cultures were incubated at 37° for 48
hours then tested for neutralization of the corresponding serum on albino
mice,

Examination of the organs of 14 guinea-pigs for the presence of

toxin after it had been introduced by mouth in doses of one and two Dlm
[minimal lethal dosage] did not yleld positive results. Upon infection
of four animals per os with five Dlm of type B C1 botulimum culture, we
were able to detect the toxin only in the contents of the small intestine
of three of the guinea-pigs, while with administration of 10 Dlm the tox-
in was found in the amall intestine of all four and in the stomach cone
tents and liver of two out of the four experimental guinea-pigs.

0f the 18 animals that had been given dry type B botulln toxin by
mouth, in various doses, it was found in the small intestine only in the
animals who received at least 20 Dlm. Thus, in order to detect the toxin
it mst be administered in a dosage four times greater than when produc-
ing the infection with a culture.

. The bacillus was consistently isoclated from the small intestine -
and live of the guinea-pigs when they were infected (per os) with 1, 2,
5 Dlm of culture, while it was present with less consistency in the other
organs. The greatest amount of positive results were obtained on cascin-
fungus medium without preliminary heating after inoculation of the matsrial.
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Experiments performed on 22 guinea-pigs showed that intranasal in-
fectlon led to localized accumulation of toxin in the lungs and as a re-
sult, after administration of 2 Dlm of dry toxin or culture, the toxin was
found in the lungs of three out of four guinea pigs. When the dosage was
increased, the toxin was also found in the liver and blood. The type B
botulism pathogen was readily :I.aola.ted fron the 1ungs after mtvodnction
of 1 Dlm of culture. — - -

In the organa of 15 guima-pigs. infected per os with 1, 2, 5 and
10 Dlm of type C culture, we were unable to detect the toxin. Only after
administration of 15 Dlm did we find the toxin in the small intestine of
three out of the four experimental animals, d@nd in Two out of four guinsa-
pigs we found the toxin in the liver and gastric contemts.

With administration of dry toxin to 18 guinea-pigs per os,'we were
unable to isolate it from the organs only of those animals that had been
given at least 30 Dim.

Intranasal administration of 2 Dlm of dry toxin or culture of type
C bacillus was accompanied by detection of toxin in the lungs of the ani-
mals that died in all of the examined cases; we were only able to demon-
gtrate the toxin in the liver and blood after administratinn of doses that
were five times greater.

Upon bacteriological examination of the organs of the guinea-pigs
type C €1 botulirmm was isolated from the amall intestine of every gui-
nea=pig that had been infected per os with one or two Dlm and from the
lungs of the animals that had been infected intranasally with one Ilx,
The best results were obtalned on Hottinger broth with pieces of meat in
vaseline oil. Less positive results were obtained upon éxamination of
heated cultures than unheated ones.

In comparing the results of detection of types B and C botulin
toxins, we can note that the former are easier to demonstrate in the or-
gans of the dead guinea-pigs, i.e. with amaller infecting doses than the
latters This applies primarily to the enteral method, inasmich as when
introduced Antranasally the toxins of both types were detected in the
lungs with equal infecting doses. This difference in the frequency of
detection of toxins in the gastrointestinal tract is probably related to
the lower resistance of type C toxin in the digestive canal.

In experiments on rabbits we atiempted to settle the question of
the possibility of detecting types B and C botulin toxins in the blood
of infected animals. For this purpose the rabbits were givemn 0,75, 1, 2,
5 Dlm of dry types B and C toxins or broth cultures of these bacteria,
per os and intranasally.

Four, 2%, 48 and 72 hours later hlood samples were taken from
the rabbits! vena auditiva [vein of the ear] and examined for toxin by
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ihe neutralization reaction method; after the rabbits died the blood
and organs were examined.

When the rabbits were infected per os with 0.75 Dlm of type B
broth culture, no toxin was found in the blood of three rabbits, whereas
vhen they were given one Dlm, the toxin was found four hours aftsr inges-
tion and remained in the blood for one to two days; on the third day we
were unable to isolate any toxin (table 1). In the blood of rabbits inw
fected per os with two and five Dlm of culture we found toxin over the en-
tire period of illness, however, after these animals died we did not find
any toxin in the organs and blood whereas the bacillus was isolated from
the intestine and liver of all the animals examined. T

Per os administration of the same doses of dry toxin was accomp-
anied by a briefer circulation of the toxin in the blood of the sick ani-
mals, since it was demonstrated through the neutralization reaction only
four hours after ingestion of l-=5 Dlm.

With intranasal administration of 1 and 2 Dlm of culture or dry
Type B toxin we found toxin in the blood of the sick rabbits for the first
twenty-four hours after infection, and in the case of dry toxin there
were less positive results. Upon administration of 5 Dlm the rabbits died
24 to 36 hours later, therefore we were able to £ind toxin in the blood
in four and 24 hours; in the agonal stage and after the rabbits died no
toxin was found in the blood, whereas it was found in the lungs in every
case.

In the blood of rabbits infected enterally with 1, 2 and 5 Dlm of
broth type C culture, we were ahle to find toxin for the first two days
from the time of infection, whereas with administration of dry toxin we
could find it in the blood of the rabbits during the first hours after
administration (table 2). After the animals died, we were unable to de-
tect toxin in the blood and organs.

When the rabbits were givem dry toxin or type C broth culture
through the nose, comparable results were obtained, i.e. toxin was found
in the blood after administration of l--2 Dlm of culture for the first
24 hours, and after administration of dry toxin -~ primarily during the
first hours from the time of infection. Toxin was found in the blood of
rabbits that had died after intranasal administration of 2 and 5 Dlm.

From our experiments it can be seen that upon reaching the organ-
ism through the digestive or respirabory tract the type B and C botulin
toxin penetrated into the blood ard circulated in it for a certain length
of time, part of it was adsorbed by the tissues and as a result the.toxin
could be found in the blood and organs of the animals that died only when
administered in large doses. The fact that the toxin remained in the
blood for a longer time when infection was produced with broth cultures
may be explained by additional production of toxin in the orgamism as
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wall as better penetration through the mucosa of the gastro-intestinal
tract of native toxdn than of dry toxin.

Concurrently with the animal experiments we made an examination
of clinical material from patients and patho-anatomical material from
human cadavers.

In examining the blood and excretions of 31 patients with symp.
toms resembling botuliam in only one instance, patient I, age 33, did we
find type B botulin toxin in the btlood on the twenty-ihi:d day of illness
(at earlier periods no botulism tests were run). Repeated examination of
the Blood of this female patient made after administration of antibotulin
type B serum did not yield positive results. After treatment with speci-
fic serum the patient was released from the hospital in good condition.

Analysis of the case histories of the other patients reveaded
that in three instances the patients probably were suffering from botul-
ism, since treatment of these patients with bivalent types A and B anti-
botulin serum had a positive therapeutic effect. However, neither in
the blood nor in the excretions of the patients were we atle to detect
bacilii or toxin. This may be explained by the fact that the bload was
examined after repeated administration of types A and B antibotulin serum
to the patlients. .

In other cases, during the patients' stay at the clinic, the dlag-
nosis was changed to "gastroenteritis," “paralysis of the vaclal nerve," .
"sequelae of perlaxial encephalitis," “luminal poisoning,* "poliomyeli-
tis." Otc.

Examination of the organs of 82 human cadavers suspected of toxic
infection revealed five cases where the botuliam pathogen was presamt.

Case No ]. Patient C, 73 years old, died on the nine-
teenth day following ingestion of boiled, reheated sturgeon.
In the small intestine of the cadaver, using ihe reaction of
neatralization with types A, B, C and E antlbotulin serum,
type A botulin toxin was found (up to 1,000 Dim per millimet-
er). We failed to detect the toxin in the brain, liver,
spleen and blood. Cultures from the small intestine and 1i-
ver permitted isolation of type A botulin bacillus which de-
veloped a toxin with a potency of up to 50,000 Dlm (for the
mouse) per milliliter on casein-fungus No 3 medium.

In two other instances the patients had been wictlms
of a botullism outburst observed in Moscow in May, 1959,
whioch hit five people who had eaten home-amoked salmon.

Cases No 2 and 3. Patient 0, 52 years old and pa-
tient K, 33 years old, became 111 four to five hours after
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consuming some fish, and died 2% to 36 hours later with

phenomena of acute intoxication. The small intestine from

the cadaver of patient 0 and the blood and large intestine ”
Irom that of patient K were sent down for examination. We

were unable to detect any toxin in the tlood or intestine

of cadaver K. Cultures of intestine from both cadavers per-

mitted isolation of a highly toxigenic strain of type B C1

botulimn.

Case No 4. Patient B, age %, became 111 after eat-
ing reheated boiled duck and died within 24 hours. Type B
botulin basillus was isolated from the liver of the cadaver,
and it produced a toxin with a potency of over 50,000 Dlm
per milliliter on artificial media. We wers unable to find
any toxin or bacilli in the other organs.

Gase No 5. Patient C, 55 years old, became ill six
to eight hours after eating reheated fried cod fish and
died on the third-fourth day. Examination of the organs
Iliver, spleen, small and large intestine) revealed toxin
in the amall intestine and type B bacillus was isolated
(with a toxicity of 1,000 Dlm, mouse doses, per milliliter).
No toxin or bacilli were found in the other organs. In all
of the described cases the botulism pathogen was isolated
in cultures (unheated) on casein-fungus medium.

Conclusions

1. The possibility of detecting types B and C botulin toxins in
the organisms of experimental animals depends on the dosage of administ.
ered toxin and method of administration.

20 With enteral inocimiation, the toxin was found in the contents
of the small intestine after administration of at least 5 Dim of native
toxin with type B bacilli and at least 15 Dlm of type C toxin, wheress
for the detection of dry toxin two to four times higher doses had to be
administered.

3. With intranasal administration types B and C toxins were found |
in the lungs of the animals that had died after receiving 2--3 Dlm.

4. In the blood of sick rabbits infected per os through the nose
types B and G toxins were found 4, 24 and 48 hours after administration
of 1..2 Dim (for the rabbit) of native toxin with bacilli. With inocula-
tiom of dry toxin we were able to detect toxin in the animals® blood only
during the first hours after infection.

5. Types B anc C botulin bacilli were always isolated from the
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small intestine and lungs oﬁ animals infected per os or intranasally with
1.2 Dlm, and we were most successful when working with unheated cultures
on casein-fungus media (for iype B) and Hottinger broth (for type C).

6. Examination of section material from human cadavers also show-
od that only with massive infection, leading to rapid death in the absen-
ce of specific treatment, was it possible to detect the toxin in the amall -
intestine., The bacillus was usually isolated even in the instances were
no toxin was found.

A+ T. Kravchenko, L. M. Shishulina, G. P. Galkina et al, in the
book: Anaercbnyye infektsii (Anaerobic Infections), Moscow, 1960, page
28,

K. I. Matveyev, T, I. Bulatova, T. I. Sergeyeva, Yeterinariya
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K. F. Meyer, B. Eddie et al, in the book: resso int
di microblologia. 6. Riassuntl delle comunicazioni, Rome, Vol 2, 1953,

page 276.

A. R, Prevot et al, Bull. Acad. nat. Med. (Paris), Vol 139, 1955,
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