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THE INTRODUCTION OF DYSENTERY ANTIGENS INTO
ANIMALS BY DIFFERENT METHODS AND
THEIR EFFECTS ON T:lE
CELL ACTIVITY

T

by

S.I.Ginzburg-Kalinina and Ye.F.Vakarina, :
Laboratory of Immunology (Professor i
S.I.Ginzburg=Kalinina, in charge)

Dysentery immunization is not very effective and it is
very short lasting. This can be, aprarently, explained by
the characteristics of both the pathogenesis as well as the
immunogenesis of disease. The comparative data which we
obtained earlier on the reaction of the animal organism to
the introduction of typhus abdominalis and dysentery vaccines
support this conclusion.

t was thown that after a single subcutaneous injection
of dysentery vaccine the dysentery microbe antigen is more
localized in the rabbit organism than typhus abdominalis
(primarily in the upper section of the large intestine,
cecum, Peyer's patch, and t2 a lesser extent in the 1lungs,
upper sectici of the: small intestine and other organs).

The typhus abdominalis antigen is much less localized
in the animal organs, but it is not found in the walls
of the large intestines.

Both dysentery and the typnhus abdominalis are consistent-
ly found in the kidneys, which could apparently be explained
by the excretory function of the kidneys.

The reaction of the organism to the introduced antigen,
cetermined by the concentration of antibodies in the
tissues of organs as well as in the blood serum after th.
innoculations with dysentery vaccine, is also manifested in
a much weaker form,

The organ tissue excracts and the blood serum of
animals which were inoculated with dysentery antigen, as
was previously shown by Khazanov, have weak, preventative
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oroverties, whila after the injection of paratyphoid :
antigens inrto the animals both the blood serum as well &s

the tissue extract of a number of organs have intensly

developed preve.tetive properties with respect to homo=
lecgous microbes.

The morphological changes (proliferation of the reti-
culoendothelium, increase in a number of plasma cells and
the concentration of ribkonucleic acid in cells of the ?
reticuloendothalial system) in the tissues of the majority :
of organs after the introduction of the dysentery antigen

were much less pronounced than the same indices after the i

introduction of typhus abdeminalis vaccine.* %

* F.I.Ginzburg-Kalinina, Ye.F.Kakarina and V.N.Kartasheva.
"Some Aspects of the Mechanism of Innoculated Immunity!
P:oblems of Immunity == Transactions cf the Moscow
Scientific Research Institute of Vaccines and Serums im.
Mechnikov. Moscow, 1980, vol., XV, pp. 7 to ci.

The above discussion indicates thaf the animal
organism in general is little involved in the nrouuction
of the reaction to the introduced dysentery antigen. This
can, apparently explain the low intensity and short duration

. of antidysenterial immunity.

Subseguently, using the same indices, i.e., determinatio.n
of the concencratioun of dysentery antigen and the correspond-
ing antibodies in the organ tissues, and the blood serum i
nf animals, we attempted to find a way to increase the
reactivity of the animel organism to the introduced
dysentery antigen.

On the other hand, taking into account the tropism
of the dysentery antigen to the intestine walls, we




investigated what immunization method, along with the
overall reaccion of organisms, produces the greatest
localized reaction in the intestine walls to the introduced
dysehtery vaccine.

In our experiments we used corpuscular vaccines from
Flexner type S culture, destroyed by heating, and the
complete antigen, obtainea by the tryptic digestion method
from the culture of the same strain. We tested subcutaneous
introduction of anti¢, ns, as the most widespread method of
 innoculation, and the peroral method, which was used in
order to bring the antigen into closer proximity to the
walls of the intestinal tract. The experiments were con-
ducted with chinchilla rabbits (weighing 1800 to 2200 g).
In the case of peroral immunization the vaccine was intro-
duced into the rabbit on an emp:y stomach with a pipetts=,
after the preliminary injection of bile (4 ml) 20 minutes
prior to the injection of the vacclne. Food was given 2
hours after immunization. _ :

"Prior to the experiments with rabbits the immuniza‘ion
dose of the complete antigen and corpuscular vaccine for
subcutaneous introduction was tested titrimetrically and
was selectec to be sufficiently large not to cause sup-
pression cf the protective ability of the organism, which
for the corpuscular vaccine was equal toc 7 billion microbes
and for the complete antiger == 2.5 mg. In the case of
percral introduction the dosage of the antigens was increased:
rrorpuscular vaccine == 20 billion micrctes and for the
complete antigen == up to 15 mgq.

First of all we investigated the effect of the
preparation method (corpuscular vaccine or the complete
antigen) and injection method (subcutaneous or per ¢s) on
the dist»ibution of the dysentery antigen in the organism
of animal, ‘

For this purpose after a single injection of dysentery
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antigen the animals were xilled by total exsanqguination

(1, 5, 10 .n!' 20 days after the introduction of the antigen)
and from their organs salt extracts were prepared accoudin:
to the method described in our earlier reports. The con-
centrations of antigen and antibodies in the obtained
extract were determined by the compliment fixation reaction

at low temperature. The antigen was determined in the - ’
reaction with hyperimmune Flexner's serum, while antibodies
L ]

were determined in the reaction with antigen (Flexner's
corpuscular antigen).

Figure 1 shows the average data obtained in the con-
current investigations, with equal numbers of animals
(total 32 rabbits).

After the injection of ine rabbits with corpuscular
vaccine or conplete anticen of dys=entery microtes, regard-
less of the method of introducticn (Subcutaneously or per os)
the antigen 13 distributed in tne organism alwmost identically
and is found primariivy in cecunm, ihe [eyer's patches
(primarily at the base of the cecum; and the kidneys.

Antigen is found in smaller amounts in the wails of the

large intestine and the upper section o1 tne small intestine,
the lungs, mesantery lanhatic nodes, and ia very small
amounts in the spleen and oz "asionally in the 1 rer., After
the perioral injection of the vaccine, the antigen is fo .nd
in the stomach walls.

Ir comparing the amount of dvsentery antiz~. in ohe
organisin® atter sabcurancous injection 2: he IO TLSCLoar
vaccinge and after the injection of ti.e complete anciger, it
«315 found that subcutareous injection frequern-ly produces
large amouncs of antigen in the Payer's pacc: ~s, -he large
and sirall intestine walls and "he spl=2en., Perora. intro=
cductiun vi trhe conmplete antigen on the ouher rand produces
antigen in certain organ., particularly the kidneys and
lungs, in amounts three times greater than peroral intro=
duction of the corpuscular vaccine. Thls can be explained
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on one hand by more rapid absorption and assimilation of the
complete antigen in comparison with the corpuscular vaccine,
which must, first of all undergo enzyme reaction in the
organism, and on the other hand a more rapid excretion from
the organism. This in turn results in its larger concen-
tration in the kidneys and lungs.

The experiments on the determination of the concentration
of antibodies in extracts of animal organs, the results of
which are represented in Figure 2, show that dysentery
antigen is a weak stimulant and produces a low antibody
titer in the blood serum and the organ tissues;

It should be noted that on the first through the fifth
days after the immunization in the lymphoid elements of
the intestinal tract and the mesentery lymphatic nodes the
antibcdy titer was frequently higher than the antibody titer
in the blood serum. The concentration of antibodies in
the spleen (the organ which according to the data of a number
of investigators is participating in the production of
antibodies for a number of causal organisms of infectious
disease) was lower than in the Peyer's patches of the
intestines, |

In comparing the concentrationr of antibodies in organ
tissues after the injection of the complete antigen and the
cor;uccular vaccine a number of organs (Peyer's patches
of the intestine, cecum and the small intestine, mesentery
lymphatic nodes, spleen) showed a certain advantage of the
introduction of the complete antigen both subcutaneously
is well as per os, Only in the kidneys and in the blood
serum was the antibody titer higher after the introduction
of the vaccine.

Thus, it was found that a single injecticn both of
the Flexner's bacteria corpuscular vaccine as well as the
whole antigen either subcutaneously or perorally produces
identical distribution of the antigen in the animal organism
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and causes weaker antlgen stimulation, manifeotoed ai the low
antibody titer in the organ extracts w.d blowd cerua.

In the attempt Lo incrzasc the ability ot the orgaaiu
to react to the injection of dysentery antigen, it was
decided to increase and prclong the aatigen stimulation
by increasing tha number of injections and the antigen
dose (provided it was introduced in the sorbed state). ror
this purpose for primary immunization the complete antigen
was injected subcutaneously in raboits in tuoce or aoan
used in the previous experiments =- 3 ml after sorption on
hydrated aluminum oxide. The initerval beivee.. the rircc Lna
the second antigen injection and the methad of appiication
during the ccecond injection were diticeren . Lo goo.,

(24 rabbits) wus lLinmunized subcutancously for the second
time 10 days after Lhe first injectior usling the same sorbed
Flexner's bacteria antigen in 1.% ng. doce.

Figure 3 shows the data on the concentraticon or
compliment fixing antibodies and agglutinins in the ticod
serum of these rabbits, The figure shows the average data
for each period of investigation: 7 days after the initial
injection and 7, 14, 20, 30 and 40 dayvs after the seccnd
injection of the antigen. _

Seven days after the initial subcutaneous injection of
sorbed Flexner's bacteria, complete antigen, all rabbits
displayed licreased antibody titer in the blood serum., It
should be nctnd, however, that there wasi o Signiticant
scatter (a factor of ¢ v 4) in the agglutinin and antilndy
titer in the complement fixation reaction tor individual
rabbits.

The second injection of the sorbed Filexnur's bauteria
antigen, according to the average data did not prodi-e any
significant increase in the reactions as compared with
the results of tre inirial injection (the maximum agglutinin
titers were 1:3500 and 1:3130 respectively; the zompliment
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fixing antibody titers were == 1:70 and 1:100 respectively).
1t should be noted that the results after the second injection
of antigen were not uniform for individual rabbits. Thus,
in scme rabbics the antibody titer by the seventh day after
the second injection reached a maximum, exceeding the anti-
body titer after the first injection of antigen by a factor
of 2 to 3, while for other rabbits the antibody titer was
already lower than tne value reached following the first
injection of antigen. Some rabbits showed the same a' ibody
titer seven days after the second injection s before the
second injection.

The rabbits in the second group were inoculated twice
by another method. In the primary immunization of this group
(8 rabbits) a 3 mg dose of sorbed complete Flexner's bacteria
antigen was also injected subcutaneously, but the sscond
injection was made after a 20 day rest period, i.e., after
a period which according to the data of a number of authors
is optimum for this purpose (Zdrovskiy, Khalyapina, Vasil'yeval.

In addition, considering the anterotropicity of dysentery
antigen which we have established and the literature indi-
cations on the expediency of subcutaneous dysentery immuni-
zation (Troitskiy), the second injection of this group of
rabbits was conducted in a combined manner. A 1.5 mg dose
of ronsorbed complete Flexner's bacteria antig:n (since in
the previous experiments some advantac: of this was found
with respect *o the concentration of antibodies in the organs
¢i the inoculated animals) was injected simultaneously
w.th peroral injection of a 200 billion microbe drse of the
cornusculars vaccine. The secand immunization of this group
or rubbits was conducted during the period when the concen=
tration of antibodies in the blood serum after the initial
irmunization begins to lower. 1In response to the second
injection of antigen increased antibodv titer was produced
in the blood of all animals, however, in the majorit, of
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. the animals it did not exceed the level which was reached

af%er the primary innoculation.

To determine the reaction of the organ tissr.es on tne
double immunization by the combined method rabbits were
sectioned five and ten days after the second injection of
the antigen. The average data of the investigation of the
concentration of antigen and antibodies in the organs and

" blood serum of the rabbits are given in Figure 4.

In comparing the data in Figure 2 and ths corresponding
data in Figure 1 it is apparent then that in the organ tissues
after double inoculation of animals a significantly larger
amount of antigen is contained than after a ~ingle incculation

—adow

which is especially noticeable in the case oi its presenc:

in the walls of the gastrointestinal tract, With resnect

to the concentration of antivodies in the organ tissues there
was no ciffernece in the singly and the doubly inoculated
animals.

Keeping in mind the possibility of the suppressioh of
the abllity of the organism to respend to the second
immunization due to the introduction of a large dose of
antigen, we inoculated a small group of rabbits (4 animals)
for the second time twenty days follgwing the first inoc-
ulation with a factor of 2 smaller doses of vaccine (0,75
mg of the complete Flexner's bacteria antigen subcutaneously
and 10 billion dead microbes perorally). It was noted that
the organ tissues in rabbits, inoculated by this method
contained a somewhat smaller amount of the dysentery antigen.
Thus the change in the dose of the vaccine has practically
no effect on the concentration of antibodies either in tne
blood serum or in the organs. '

To produce a more active reaction to the introduced
dysentery antiy..., having its effect not only in the
intenaity of the absorption by the organ tissues, but also
in the production of antibodi:s, we tested a procedure
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involving the triple immunization of rabbits using different
iunjection methods.

FFor this purpose the rabbits were preliminarily sub=
jected to a double immunological subcutaneous injection of
the complete Flexner's bacteria antigen (sorbed on aluminum
hydroxide), and the additional (third) injection of 3 and
5mg doses. In this case one group of rabbits was ' inoculated
subcutaneously with 1.5 mg dose of not sorbed complete
Flexner's bacteria antigen, while the second group was
inoculated with the heated corpuscular Flexner's v.-czine in
an amount equal to 200 rillion per os and the third g:zoup
was inoculated simultaneously with both, not sorbed complete
antigen subcutaneously and the corpuscular vaccine per os in
the above indicated doses.

Each group of rabbits (12 animals each) was divided
intc subgroups (6 rabbits each) of which one subgroup was
inoculated for the third time following a twenty day
interval between the inoculations, while the second group
was inoculated after a two month waiting period. The
rabbits were totally exsanguinated and dissected on the
Sthy 10 and the 20t day after the third inoculation of the
dysentery antigen. The results of the study of organ
extracts from these animals for the concentration of dysentery
antigen and antibodies are given in Figure 5.

Tt is first of all necessary to note that the nature
of the distribution of dysentery antigen in the animal
orjuni:ins was Jound to be Indevendent of the number of

injecticas. The tropism cr the dysentery antigen to the

. intestinal tract was even more pronounced (Peyer's patches,

cecum) atter the third injection.

In comparing the data in Figures 4 and 5 one finds
that the concentration of dysentery antigen in the organs
is significantly different depending on the number of i-.
noculations and the inoculation method. After triple

I s e Tl e F o . el . g e




subcutaneous injection, the complete I'lexner's bacteria
antigen was-found in the majeority of organs in smaller
amounts than after double subcutaneousperoral innoculation.

However, after using the ﬁéroral'method for the third
innoculation, the concentration of dysentery'antigen in the
majority of organs (the cecum and small intestines, mesentery
lymphatic nodes, liver and kidneys) exceeded significantly
its concentration after double immunization, and in certain
organs it was even higher than after a triple  inoculation
using other antigen injection methods.

Thus, the method for the introduction of dysentery
vaccine into the identically specifically prepared animal
organism has an effect on the intensity of the absorption of
the dysentery antigen by the organ tissues. It is possible
that the preliminary inoculation of the sorbed complete
antigen produces a sensitized state of the cell tissues,
primirily the gastrointestinal tract, which results in the
increased absorption of the antigen during the peroral
introduction.

The résults of the measurements of the concentration
of antibodies in organs and the blood serum of the same
rabbit are shown in Figure 6.

The cited data indicates that the antibody titer in the
organs and blood serum of rabkbits after a triple subcutaneous
innoculation with the complete antigen and after subcutaneous-
peroral introduction during the third inoculation was
significantiy higher than the titer after a single or double
injection of the antigen. Only the peroral injection of
the vaccine to the animals which were prepared in a similar
manner did not produce the formation of antibodies.

In comparing the results of the subcutanecus and the
combined subcutaneous~peroral method for the introduction
of dysentery antigen in the third inoculation it is found
that the latter is more advantageous. Thus, in the spleen

-1)=
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of animals, which on the third time, were inoculated sub-
cutaneously with complete antigen and at the same time
they received cormuscular vaccire per 0s, the average antibody
titer was almost four times higher than for rabbits which
were only inoculated subcutaneously; in mesentery nodes;
the same titer was a factor of two higher, and even in the
liver although the concentration of antibodies was lower
than in other organs, it was still higher than in the case
of other innoculation methods, S

In the blood serum the antibody titer, obtained in the
complement fixation reaction, after using the combined method
of the introduction of antigen in the triple immunization
proceedure was almost 3% times higher than after subcutaneous
inoculation. Analogous results were also cbtained for the
agglutinate.

It should also be pointed out tnat the experimental
results, shown in Figures 1, 2, 5 and 6, indicate the
absence of the direct relationship between the concen-
tration of antigen and antibodies in the animal organism.
Thus, after peroral introduction of antigens it exists in
the organs in higher concentrations, while antibodies in
these crgans produce a smaller titer than with other methods
of immunization.

The cause of this is unknown. It is possible to
hypothesize that after peroral introduction of the antigen
it undergoecs severe decomposition in the intestine, as a
result of which it loses the properties of the full strength
stimulant,

Subsequently, the reaction of the organism (subjected
to the identical, specific preparation by double subcutaneous
injection of the sorbed dysentery antigen) to the third
injection, made after a significantly longer period of time
(2 months) was investigated. The corresponding data are
shown in Figures 7 and 8.
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_ It can be seen from the figures that the third i-
noculation made after a significanvly longer intcexval
between the second and the third inoculation, produces in
the organs a lower concentration of not only antigen, but
also of antibodies. Only in the blood serum is the average
ahiibody titer after the combined subcutanecus-peroral
inoculation relatively high.

- Thus, using the double subcutaneous immunization with
the absorbed complete Flexner's bacteria antigen with a
ten~day interval between the first and the second inoculation,
followed by the third subcutansous inoculation twenty days
after the second with the same not sorbed antigen, and at

“the same time with corpuscular dose of vaccine per os, we

obtain a definite shift in the reaction of animal organisms,
manifested in the intensity of the abserption of antigen by

the organ tissues and in the formation of antibodies.

The obtained data indic=te that in this method of
immunization the whole organism of the animal is more in=
volved in the reaction to the introduced antigens, since the
antibodies of relatively high titer were found in the blood
serum, spleen, lungs and even the liver. The lymphoid
elements of intestines also centained significant amounts
of antigen and antibodies.

All of the above described data indicates that during
the dysentery immunization, it is possible to obtain a
definite shift in the reaction of the organiswm. In this study
an attempt was made to achieve this by varying the method
and increasing the number of inoculations of the antigen.

It is possible that increase in the reaction of the organism
to the introduced dysentery vaccine may also be achieved by
using other methods, which are nonspecifically increasing

the activity of the reticuloendothelial system of the organism.
The study of this aspect of the problem is the subject of

our subsequent investigation.
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Conclusions

1. Dysentery Flexner's bacteria antigen is almost.
uniformly distributed in the organsim of rabbits regardless
of the form of the vaccine (corpuscular vaccine or complete
antigen) and the method of injection (subcutaneously or
per os). M

The largest concentration of dysentery antigen is found
in the cecum, the‘Peyer's patches of the intestine, the
kidneys; smaller amounts in the walls of other sections of
the intestinal tract, lungs, mesentery lymphatic nodes and
still smaller amounts in other organs.

2., After a single subcutaneous introduction of tne
comvlete Flexner's bacteria antigen or corpuscular vaccine,
the antibodies in the blood serum as well as in the organ
tissue extract, was found in low titers, while after peroral
introduction of the vaccine they were almost not found at
ali.

3. The second subcutaneous injection of the sorbed
complete Felxner's bacteria antigen, ten-days after the
initial . inoculation of a large dose of the same antigen
did not cause, in the majority of rabbits, an increase in
the concentration of antibhodies in the blooé serum in
comparison with the results of the single inoculation.

4. The double inoculation with a twenty day interval
betwecn the two inoculations, when the first 4inoculation
is made with the sorbed complete Flexner's bacteria antigen,
while the second inoculation is made with unsorbed antigen
subcutaneously and at the same time the corpuscular vaccine
is introduced per os, produced a significant increase in
the concentration of antigen in the organ tissues, however,
the antibody titer both in the blood serum as well as in
the organ tissue extracts, was practically the ~ame as the
maximum achieved as a result of the first inoculation.

R




5. The reaction of the organism of the rabbits to
the third inoculation, made after the douonle inoculatiun
of the sorbed Flexner's bacteria antigen with a ten day
interval between them, varies as a function of time and - ;
the method of the introduction of antigen. i

ﬁ:$  6. The increase in strength of the reaction of the .
organism of rabbits to the introduction of dysentery antigen,

§ o manifested in the presence of a large titer of antibodies .
; both in the blood serum as well as in the organs of the 3
? animals, may be achieved by the triple inoculation with
: ‘ the use of the combined subcutaneous—peroral imrunization
twenty days after the double subcutaneous injecticn of the
sorbed complete Flexner's bacteria antigermn.
When the third inoculation is made two months after

the second inoculation, a lowering of its effent is observed.
The advantage of the combined subcutaneous-peroral method E
| of immunization is still dicplayed in this case also.
= 7. Further investigations are necessary to find methods

| . of increasing the immunological activity of the organism

to the injected dysentery antigen.
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Figure 1. Dysentery antigen in rabbit organs after a
single subcutaneous or peroral injection of
the corpuscular vaccine and complege antigen,
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Key:

a-

Titer;

b=
Ce=
d=-
e-
f=
g-l
he=
b )
j-
k-
1-
M
n-
o-

cecum;

large;

smallg

intestines;

stomach;

mesenteric ganglions;

lungs;

spleen;

liver;

kidney;

complete antigen, subcutaneous;
corpuscular vaccine;

complete antigen peroral 0.5;
corpuscular vaccine peroral 0.5.
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5 Figure 2. Antibodies in various organs of rabbits
» after a single subcutaneous or peroral in-
' troduction of the corpuscular vaccine and
complete antigen of dysentery microbes.
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| Key: a- Titer;
- b= Peyer's patches; '
| c= cecum; ‘ {
d- large; ;

e- small;

f- intestines;

g= stomach;

h= mesentery nodes; y
i- lungs; :
j= spleen; :
k= 1liver;

1= kidneys;

m=- blood serum;

n= total antigen, subcutaneous;

o= corpuscular vaccine, subcutaneous;
p= total antigen, peroral c¢.5;

q= corpuscular vaccine peroral 0,5,
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Key:

PRET AR SE a

Antibodies in the blood serum after two
injections of the sorbed antigen with a
10-day interval between the two injections

a-

b-
Cm=
d-a
Qw

fe

g-
he=

Titer in the agglutination reaction,

compliment fixation titer;

first injection;

second injection; .
agglutinin titer;

antibody titer in the complement fixation ‘
reaction:

days;

after the first injection, 70 day$n10ﬁ dayi

days after the second injection, s 140
200, 30w, 40w,
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Figure 4. Antigen and antibodies in the organs and

. blood serum of rabbits after double immuni-
é _ gation using the combined method of injection
' | of the antigen.

f Key: a- titer in the agglutination reaction,

t titer in the complement fixation reaction
i b= Peyer's patches;

. c= cecum;
| d- large;

e- small;

¥ . f- intestines;
; g= stomach;
; h= mesentery node;
= i= lungs;
! - j= splean;
k= liver;

P
]

b | kidney; ;
! | m= Dblcod serum; ;
n= antigen titer; .
0= antigen titer complement fixing; ‘

|

aggiutination titer.
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Figure 5. Antigen in the organs of rabbits after the
triple inoculation of the vaccine (the
interval between the second and the third

inoculation was twenty days).

subcutaneously;
perorally 0.5

iroculation combined.
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Figure 6. Antibodies in the organs and blood serum of
rabtbits following a triple inoculation with
dysentery vaccine (the interval between the
second and the third inoculation was twenty
Jays.

Key: a= Agglutinin titer, complement fixation
reactlon (RSK);
b~ Peyer's patches;
c= Cecum;
d-~ large;
e~ smallj
t- intestines;
g~ stomach;
h~ mesentery nodes;

i- lungs;
j= spleen;
k= 1liver;

1= kidney;

m= antibodies determined in the connplement
fixation reactlown;

n= . agglutining

o~ third subcutaneous inoculation;

p= third peroral {noculation 0.5}

q= third combined inoculation;

r- Dblood=serum,
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Figure 7. Antigen in the organs of rabbits after the
third introduction of the vaccine (the
interval between the second and the third
incculation, was 2 months)
Key: a~- Titer;

b= Peyer's patches;

c~ cecum;

d=- large;

e- smalljs

f- intestine;

g=- stomacn;

h=- mesentery lymphatic nodes;

i= lungs;

j= spleen;

k= liver;

l= kidneys;

m= third subcutaneous inoculation;
n=- third peroral inoculation 0.5;
o= third combined inoculation,
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Figure 8. Antibodies in the organs and blood serum of
rabbits after the third injection of the
dysentery vaccine (the interval between the
second and the third inoculations was 2
months),

Key: a= Agglutinin titer, complement fixation

reaction titer;

b= Peyer's patches;

c- cecum;

d=- large;

e- small;

f- intestines;

g=- stomach;

h= mesentery nodes;

i- 1lungs;

j= spleen;

k= 1liver;

l= kidney;

m- antibodies determined by the complement
fixation reaction;

n~- agglvtinins; ,

o= thiru subcutaneous inoculation;

p~ third peroral inoculation; 0.5

q~ third combined inoculation;

r=- blood serum,
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EFFECT OF THE AGE FACTOR OF THE PROCESSES
OF ABSORPTION OF ANTIGEN AND THE
FORMATION OF ANTIBODIES
IN RABBITS

by

S.I.Ginzburg~Kalinina and Ye.F.Vakarine
(Immunological Laboratory, Prof.
S.I.Ginzburg=~Kalinina in charge).

It is well known that young animals, which are born
underdeveloped, are insensitive or display low sensitivity
to the injection of many pathogenic microbes, and the
infectious process in these animals proceeds in a unique
manner. '

At the same time there are indications that these
animals have low resistance to the organisms causing septic
processes and death as a result of the generalized infection
(Arshavskiy, Sirotinin and others).

The same phenomenon is observed in human pathology,
and it is manifested in the tendency of the newborn babies
to the septic processes, while at the same time they have
a high resistance to the casual organismec of a nunber of
other diseases (exanthematous fever, scarlet fever, etc.)
and the absence of the local reaction to the injectecd toxins.

The available observations indicate that phagocytosis
in newborn babies and animals is generally low and re-
tarded. This phenomena is associated both with lowering
of the phagocytic activity of leukocytes, as well as with
weak opsonocytophagic ability of the serum (Latysheva).

The latter is increased with age and according to the data
of Nuriyev . it aclieves a maximum for staphilocci in
rabbits by the age of 3 to 3% months.

'The functional ability of the reticuloendothelial

system in children and newborn animals is aiso significantly
(approximately a factor of 3) lower than in adults (Litvak).
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The permeability of the connective tissues in young
animals is higher, which according to the opinion of
Duran Reynolds results in much more severe cases of a
number of infectious diseases and a tendency to the develop~
ment of septic processes.

There are also indications that the permeability of
the mucous membranes of the intestines in young animals is

alsc higher, mice calves (Sinay, Korshakova and Dobronitskaya.

Fradkina, Kirch, Khait and others). In the newborn animals
bacteremia occured upon peroral injection of a2 dose of
microbe:z (Flexner's bacteria and others), which did not pro-
duce any penetration of the bacteria beyond the bounds of
the intestinal tract in adults. This is explained by the
inability to destroy microbes in the intestinal tract due
to immature and areactive tissues of the organisms of young
animals. _

The inability of the newborn animals to produce the
reaction to the injected pathogenic casual organisms, which
is characteristic of the sexually matufe animals, is closely

- related to the abéence of the ability of forming active

immunity in the young. Thus, for example, Pletsityy has
shown that active immunization of mice with tetanus antitoxin
is effective only after the age of three weeks.

The literature data have shown that antibodies are not
produced in young animals, which are born underdeveloped
(Pletsityy, Khalyapina). Other investigators werc able to
obtain antibodies by the immunization of young animals, rats,
rabbits, piglets. (Pille, Sokolova and Kolegayeva), however,
their titer was lower than for the adult animal. The ability
to reproduce antibodies increases with age and is the highest
in the middle age. The experimental data also shows that
guinea pigs, which are normally born more mature physio-

logically, do not display such age difference in the ability
to produce antibodies (Pille, Khalyapina).
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Esrman shows that young animals, (mice, pigs, rabbits)
are capuable of not only producing antibodies (although in.
a smaller degree than the sexually mature animals), but 3
also that they have a sharply developed barrier fixing §
function, and there is no reason to reject the possibility ]
of immunological reconstruction in such animals after the
injection o. antigen. However, in view of the immature
enzymatic systems of the organism of the newborn, Berman
ascrikes a significant effect to the property of the in-
jected antigen and considers that the chemical vaccines for
the young are much more effective than the corpuscular
vaccines.

In view of the insufficient and partially contradictory
literature data on the possibility of producing immunity in
newborn animals we undertook this work in order to study
certain aspects of the mechanism of inoculated immunity in
animals which are born underdeveloped.

Earlier it was shown (Ginzburg-Khalinina and Vakarina),
that the antigen of the typhus abdominalis microbe, as well
as of the corresponding antibodies, may be found by complzment
fixation (at low temperature) in many organs of rabbits in
the course of a more or less prolonged period of time after
the injection of the vaccine.

It was of interest to detect the ability of cells of
the organ tissues in newborn rabbits to absorb abdominalis
antigen and the effect of the level of the physical develop—-
ment on this ability. At the same time the ability to
form antibodies by determining their concentration both in
the blood serum as well as in the internal organs, was
determined.,

The experimental young rabbits were those born to
females which were not subjected to the experiments. After
l, 5, 10, or 15 days from their birth the rabbits were in=-
jected subcutaneously in the side with heated typhus

N R e Ty

f e

e e e———




s ie———r

. PRSIV
A s Lo %

o -

abdominalis vaccine from the T,» strain culture. Accordingly,
the newborn rabbits were subdivided into four experimental
groups,

The injection of 1 ml of typhus abdominalis vaccine,
containing 1 billion microbes, had no effect on the weight
of the experimental rabbits in comparison with the control
rabbits which were not inoculated. The above dose was
therefore used in the experiments., The animals of each
experimental group were killed by exsanguination 6 hours,

5 and 10 days after the injection of the vaccines, and for -
each of these time studies the organs and blood serum were

" taken from 3 to S5 rabbits.

The concentration of typhus abdominalis antigen and
antibodies was determined in the spleen, liver, the walls
of the small intestines, kidneys, lungs, tissu& in the area
of the injection of the vaccine, blood serum and in a number
of cases in blood clots. ’

The methed for obtaining the salt extract from the organs
and the determination of the concentration of antigen and
the complement fixing antibodies we described in our earlier
publications. '

To obtain the extracts from blood clots the latter,
after separation from the serum, were coveregd witn an
equal volume of saline solution and extracted in a manner
similar to that used with other organs.

It should be noted that the organs of non inoculated

newborn control rabbits contained no traces of typhus

abdomiralis antigen or antibodies.

The data on the amount of antigen in the organs of
newborn rabbits 6 hours after the injection of typhus abdomin-
alis vaccine are given in Figure 1.

The same figure shows the results of the axperiments
on the concentration of typhus abdominalis antigen and
antibodies in the organs and the blood serum of sexuvally
mature rabbits (weighing 1700 to 1800 g). )
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In view of the significantly larger body weight of these
rabbits, they were injected a correspondingly larger amount .
of typhus abdominalis antigen, equal to 7 billion microbes.

As it can be seen from the figure the increase in the
development of the rabbits has a significant effect on the
ability of the organ cell tissues to absorb typhus abdomin-

el et R e

’ alis antigen. The animals inoculated on the second day “
f. after birth, 6 hours after the injection of the vaccine did :
. not contain antigen in the organs and it was detected only

in the tissues in the wicinity of the injection. The rabLits
which were injected with the vaccine 5 days after birth
demonstrated somewhat greater absorption ability, since in
addition to the tissues in the vicinity of the injection
antigen was also found in the walls of the small intestines.
When the antigen was injected into rabbits 10 days
after birth their absorption function was developed even
stronger. The rabbits of this age group contained antigen
in the organs in an amount comparable to that found in the
organs of sexually mature animals and its distribution in
§ the organism was also identical: antigen was found in the _
f? ‘kidneys, the walls of the small intestines, the lungs, the §
' spleen, the tissues in the vicinity of the injection, and
{f was barely detected in the liver. The typhus abdominalis
¥ antigen in the organism of rabbits injected 15 days after
birth was distributed in a similar manner.
In view of the inability to detect the subcutaneously
injected antigens of typhus abdominalis microbes in the
organs of newborn rabbits during the first few days of life
we attempted to detect it in the circulating blood. For
this purpose blood and saline extract of blood clots were
studied by the complement fixation reaction. The results
of the lnvestigation of the concentration of typhus abdominalis
antigen in the blocd serum were always negative, however,
in blood clot extracts we were able to detect antigens in
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1:2 to 1:20 dilutions. It should L~ notad trat all of our
attempts to detect typhus abdominalis antigen in the blood
clot extract of sexually mature rabbits after the injection
of vaccine by different methods generally did not produce any
results. Only in isolated cases (when the blood was taken
soon after the injection of the antigen) positive results
were obtained.

The possibility of detecting typhus abdominalis antigen
in blood clot extracts of newborn rabbits, can be explained
on one hand by the injection of a large amount of antigen
with respect to their total volume of blood, and on the
other hand, the underdeveloped reticuloendothelial system.
This creates the conditicn for the circulation of a larger
amount of antigen in the blood of newborn animals than in
adults. However, even under these conditions the antigen
is found in the extracts of blood clots énd not in the serum.
Apparently the large absorptivity of erythrocytes is very
easily manifested with respect to typhus abdominalis antigen.

The data, represented in Figure 2, indicates that new-
born rabbits, injected with typhus abdominalis vaccine during
the first day after birth, had no detectable complement
fixing antibodies 5 days after the injection of the vaccine
either in the serum of in the organs. The injection of the
antigen into the 5 fay cld animals produces detectable
concentrations of antibodies only in the spleen and lungs.

In the rabbits of the next test group, inoculated 10 days
after birth, antibodies were found in the tissues in the
vicinity of the injection, in the spleen and a small titer
(1:10) in the lungs and kidneys.

The animals incculated 15 days after birth contained
the complement fixing antibodies in the majority of the
investigated organs. They alsc contained the antibodies in
the blood serum. However, neilther in the organs nor in
the blood serum of newborn rabbits did the antibody titer
ever reach the same level as it did in sexually mature animals,

28~
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produced as a result of the injection of corresponding doses
of vaccine,

Thus, it was founc that the ability to absorb typhus
abdominalis antigen by the cell tissues of organs in newborn
rabbits is developed significantly earlier than the antibody
forming function. The experimental data indicates that for
the production of antibodies the presence of antigen in the
organism and the presence of functional activity of the
reticuloendothelial system is insufficient. Thus, for example,
rabbits innoculated 10 days after birth while displaying a
well developed absorption ability of the organ cell tissues
and a significant concentration of antigen in them, contain
only traces c¢f ancibodies in the organs. When the antio:n
is injected on the fifteenth day after birth, the rabbits
after recovery and restoring of great vital activity display
a certain increase in the concentration of antibodies in
comparison with the rabbits of the previous group. Apparently,
for the formation of antibodies of relatively high titer
after the injection of antigens the existence of the ability
of the cell tissue to absorb antigen is insufficient. The
function controlling the formation of the antibodies is

" closely related to the age of the development of the animals

and the state of reactivity of the organism, which, 2:zcording
to the opinion of many investigators is determined by the
degree of maturity of the gentral nervous system.

Conclusions

l, Maturing of newborn rabbits affects the ability of
the organ cell tissues to absorb typhus abdominalis antigen
after its subcutaneous injection.

2. The ability of the organ cell tissues of the new-
born rabbits to absorb typhus abdominalis antigen is
developed compietely by the tenth day after the birth of
the animal.
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3. The ability to form antibodies is practically
absent in newborn rabbits.

4, The ability to produce antibodies, which is
assoclated with the maturing of the central nervous system
and the formation of the total reactivity, increases with
the overall development of the newborn rabbits.

5. The abllity to absord antigen by the organ cell
tissues in the newborn rabbits develops earlier than the
antibody producing function.
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Figure 2. Antibodies in organs and blood serum of rabbits
5 days after introduction of typhus abdominalis
vaccine.

Key: a=- Titer;
b~ Legend;
¢c~- Antibodies ing
d- spleen;
e- liver;
f= intestine walls;
g=- kidneys;
h= lungs;
i- tissue in vicinity of injection;
j= Dblood serum;
k- age on day of inoculationg
l- sexually mature.

i o PR e KRB g Y




£ I PROTECTIVE PROPERTIES OF ORGAN TISSUES AND
’ BLOOD SERUM IN VACCINATED
ANIMALS
by

L.Ye.Khazanova, Laboratory of P
! Immunology (Professor S.I. Lo
a Ginzburg-Khalinina, }
: ' in charge)

In the mechanism of inoculated immunity the role of the
antibodies thus far has not been completely solved. Some
investigators deny them any role, while others ascribe to
them a significant effect in ’.1e protection from infection.
It was established that antibodies change the state of the
casual organism, aid in its phagocytosis by the tissue cells,,
and lysis, From this standpoint it is not sufficient to
A study antibodies in the blood serum, since the principal
3 § ' protective process (phagocytosis) and also the formatiorn of
: antibodies occur in the organ cell tissues. According to the
data of a number of authors the typhus abdominalis microbes
entering the organism, penetrate very rapidly the cells of
the parenchymatous organs, where they multiply. Therefore,
the.develbpment of the infectious process depends to a
?. significant extent on the presence of the absence of the
| ' protective factors in the cell tissues of the organs of the
‘ animal., The investigations of Ginzburg-Khalinina and
o : Vakharina have shcwn that in addition to the blood serum
; antibodies are localized, primarily in the tissues of three
organs in animals, where under the experimental infectious
, conditions, multiplication of the microbes takes place.

- Thus, in the case of immunization of rauvbits with typhus
abdominalis antigen, antibodies were discovered in many
organs of the animal: the mesentery lymphatic nodes, the
spleen, etc. After the immunization with dysentery antigen
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the antibodies were more localized, primarily in the
lymphatic apparatus of the intestihes, and were found in

much lower titers., A significant volume of data is

available in literature of the protective properties of the
blood serum and there is practically no experimental evidence
of the presence of these properties in the tissues of organs
of the immunized animals.

The purpose of this work was to determine whether the
extracts of organs of the immunized animals have the protective
properties with respect to the pathogenic bacteria and to
what extent these properties are developed in the different
organs, The work was carried out with rabbits. For immuni-
zation of the rabbits a formalin treated paratyphoid V
vaccine was used. -Seven billion microbes were injected into
each rabbit subcutaneously into the hip. In the case cf
double subcutaneous immunization, the rabbits were also
irijected seven billion microbes with a ten day interval
between each injection (3.5 billion x 2).

Following different time intervals after vaccination
the rabbits vere totally exsanguinated. The tissues from
the organs (lungs, spleen, liver, kidneys, mesentery
lymphatic nodes) after profuse washing with saline solution
were macerated, ground in a mortar with quartz sand and
covered with saline solution in a 1:5 ratio. The samples
of organs were kept for extraction in the course of three
days at 4 to 6°C temperature, after which the supernate
liquid was pulled off by suction. The work was carried out
under sterile conditions (preservative was not used).

The preventative properties of extracts from the tissucs
of the organs and the blood serum were tested in the ex-
periments with mice, each of which 24 prior to infection
was injected subcutaneously 0.3 ml of different dilutions

of the blood serum and the tissue extracts from the rabbit

organs (1:10 to 1:8000), extracted during different periods
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after the rabbits were vaccinated. Twenty-four hours after
the injection of the extract 1 Ds 1 of a wash of 24 hours
paratyphoid bacteria V culture suspended in 0.4 per cent
agar gel, was introduced into the mice intraperitoneally.

The determination of the antibody concentration was
conducted by the quantitative complement fixation reaction
at low temperatures. Breliminarily the preventative properties
of the organ tissue extracts and the blood serum were
determined on unvaccinated animals. The extract of tissues :
of the different organs of rabbits did not protect the

mice from deadly infection with paratyphoid V culture and

contained no antibodies for these bacteria. The blood serum

of the control rabbits possessed weakly developing preventative
properties with respect to the paratyphoid V bacteria
(detected only in low dilutions =- 1:10 to 1:20) and low
antibody titers. Therefore, in the serum of e2ach animal

prior to immunization the preventative prdperties and
antibodies fixing the complement were determined. (fig. 1)

- The obtained data are shown graphically, where in the
determination of the degree of the development of the
protective properties we based our judgement on the maximum
dilution of the blood serum and extracts of organs which
insured the 50% survival of the experimental mice, which

_received the lethal dose (1 Ds 1) of live culture.

It can be seen that, four days after the injection
of the vaccine the protective properties of the blood serum
were weakly expressed and were detected in the dilution
not exceeding 1:30. The extracts of rabbit organs during
these periods of time showed no signs of the desvelopment
of protective properties.

Seven days after immunization the protective properties
of the blood serum were three times higner: under the same

conditions of the experiment the serum protected mice in
1:100 dilution,
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ty this time extracts of a number of organ tissues
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also developed certain protective proper_.ies (extracts

from the mesentery lymphatic nodes, spleen, kidneys in
1:50 dilution, the lungs in 1:100 dilution). Liver extracts
had practically no protective properties, in 1:10 dilution
they protected only 25 peréent of the mice from death,

On the fourteenth day after immunization, the protective
properties both of the blood serum as well as of the
extracts of organ tissues reached approximately the same
level,

Rabbits, seven days after double subcutaneous injection
of the vaccine with a ten day interval between injections,
developed an increased amount of protective properties in
the tissues of certain organs (mesenterial lymphatic nodes,
lungs, spleen). The developrent of the protective properties
in the liver did not increase. It should be notes, that
the protective properties of the mesentery lymphatic nodes
extracts and blood serum of doubly immunized rabbits were
identical (titer 1:100).

Thus, after a single or a double subcutaneous injection
of vaccine the extracts from a number of organs of rabbits
(lungs, mesentery lymphatic nodes, kidneys, spleen) possess
protective properties with respect to paratyphoid V bacteria,
while in the liver extract these pr¢ -ties were significantly
lower.,

In order to increase the protective properties of the
blood serum and organ tissues triple intravernous immunization
of rabbits was carried cut with paratyphoid V vaccine (500
million, 1 billion, I million). The results are shown in
Figure 2.

As it can be seen from the figure, 7 days after the
triple vaccination the protective properties of the blood
serum were well expressed and appeared in dilution up to 1:
600.
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Fourteen days after the injection of the vaccine the
protective properties of the blood serum, as well as of
certain other organs (lungs, mesentery lymphatic nodes, !
spleen, kidneys) increase somewhat (1:700 for serum and !
1:160 to 1:125 for the organs) and only the liver extract
had the lowest protecﬁive indices (1:70). In the study of
the materials obtained from rabbits, disected on the 20t
day after immunization, it was found that the protective co
property of their blood serum was somewhat lower than from ?ﬁ
rabbits killed on the 14t day (titer 1:500). The extracts
from a majority of organs also protected the mice only in .
1:100 to 1:60 dilutions. .

After a longer period of time following the vaccination :
we observed even further lowering of the preventative

properties both of the blood serum and organ extracts, and
‘on the forty~-fifth day the preventative properties were
satisfactory only in 1:25 to 1:10 dilutions.

As a result of the experiments with repeated intra-
venous immunization of rabbits with paratyphoid V vaccine,
it was found that the same regularities which were observed
; in subcutaneous immunization also apply here.

Thus, the protective properties against paratyphoid V
casual organisms were present not only in the blood serum
of the vaccinated animals, but also in their organ tissues.
In the mesentery lymphatic nodes, spleen, lungs, and kidneys
these properties are much more developed than in the liver.

The maximum prstective action both of the blood serum
as well as of the organ tissues upon three fold intravencus
immunization were observed on the seventh through twentieth
day after the last vaccination. Subsequently, they begin
to decrease and 45 days after the vaccination the protective
properties of the blood serum and of the organ tissues are
almost insignificant.

It is of interest to compare the obtained data on the
preventative properties in the blood serum and organ tissues
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with the cohcentration of antibodies in them. For this
purpose in the blood serum and-ergan tissue extracts of -
rabbits in  addition to determining the protective pro-
perties on the same'days after the vaccination, using the
complement fixation reaction we determined the concentration
of antibodies. Figure 3 shows the corresponding data,
obtained after triple intravenous immunization of rabbits.

It is necessary to note that in the study of the blood
serum and organ tissue eXtracts, obtained on different days
after subcutaneous or intravenous immunization, the prevénta-
tive properties under the conditions of our experiments were
found in higher dilutions than the antibodies fixing the
complement. Thus 7 days after immunization the preventative
properties in the blood serum were found in very high
dilutions, 1:600, while the antibodies were reaching 1:100
titer. The preventative properties of organ tissue extracts
at the same time were also well expressed in 1:150 to 1:100
dilutions and the antibodies were found in 1:50 and 1:30
titers. 1In the liver extracts the preventative properties
were weakly expressed and the antibody titer was negligible.

The animals killed on the 14t day after immunization
showed only slightly increased preventative properties in
the blood serum (titer 1:700), while the antibody titer was
greatly increased (1:160). At the same time a certain
increase in the preventative properties of organ tissue
extracts were noted (1:160 to 1:125) along with the increase
of antibodies in them (1:80 to 1:60). It should be .noted
that in the liver, which contained lower preventative pro=-
perties (1:70), an. insignificant concentration of antibodies
was found (1:20). Twenty days after vaccination the

~ preventative rroperties of blood serum and organ tissues were

found to be slightly smaller. The antibody titer was also
lower. On the forty-fifth day after I..unization both the
preventative properties as well as the antivody titer in

the blood serum and in organ extracts were found to de lower
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(1:25 to 1:10.dilution).

The presented data do not show a total parallelism
between the antibodies, found in the complement fixation
reaction, and the preventative properties, however, one
cannot deny the presence of a correlation between them.

Subsequently, on the basis of the characteristics of
the pathogensis and immuncgenesis of dysentery, it was of
interest to determine the preventative properties in the
organs of rabbits after immunization with dysentery vaccine.
The foundation for these experiments was laid by the obser-
vations of Ginzburg-=Khalinina and Vakharina on the distri-
bution of antigen and antibodies in animal organisms after
the injection of dysentery vaccine.

It was shown, that the dysentery bacteria antigen, in
comparison with typhus abdominalis bacteria antigen, is
much more localized. Thus, dysentery antigen and arcibodies
were found, primarily in the lymphoid elements of the
intestinal tract of rabbits, while typhus abdominalis antigen
ané antibodies were found in large amounts ih the tissues
of a number of organs (spleen, lungs, lymphatic nodes). The
antibodies both in the blood serum as well as in the organ
tissues after the injection of typhus abdominalis vaccine,
were much more pronounced than due to dysentery antigen
immunization.

The study of the preventative properties of tissues
of different organs in the blood serum of rabblitls were
conducted after a triple int:iavenous immunization with
Flexner's type S dysentery vaccine. The immunization method
and the study of the preventative propertiec were the same
as in the above described expesiments., Figure 4 shows the
data of the investigation of the preventative properties of
the blood serum and the organ tissues of animals after the
injection cof dysentery vaccine. Along with this for com-
parison the results are given which were conducted under




the same conditions with respect to dosage and date, etc.,
but with the use of paratyphcid V vaccine. :
As it can be seen from the figure that on the seventh :
day after the triple intravenous immunization of the rabbits
with dysentery vaccine the preventative properties of the
blood serum were found only in 1:100 dilution., In organ
tissues they were even weaker, among which the highest
preventative property was displayed by the Peyer's patches
and the walls of the vermiform process of the cecum (1:50),
the mesentery nodes (1:40), and the lung tissues, spleen,
and kidneys had the lowest preventative properties (1:25 to
1:20)., It should be noted that the preventative properties
of the liver were somewhat higher than those of the lungs
and spleen (1:35)., For rabbits, killed on the 20t% day after
immunization with dysentery vaccine, the level of the preven=-
tative properties both in the blood serum as well as in the
organ tissue extracts, was significantly lower than for
animals on the seventh day. Thus, in the blood serum it
was threefold lower (1:35). Along with this it should be
noted that the Peyer's patches of the intestinal tract and
the walls of the cecum had the same preventative properties
as the blood serum (1:35)., The tissues of other organs had
lower preventative effecitveness (1:15).
In comparing tnese data with the results obtained in
the study of the preventative properties of blood serums,
and organ tissues of rabbits after the injection of para-
typhold vaccine, it can be clearly seen that the level is
lower following the immunization with dysentery vaccine.
Thus, on the seventh day after the injection of the *
dysentery vaccine the preventative properties of the blood
serum were sixfold and the tissue of the lungs, spleen,
mesentery lymphatic nodes were 5 to 6 times lower than in
the experiments with paratyphoid vaccine. An even greater
difference was detected on the 20V day after immunization.
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Thus, after the immunization with the paratyphoid vaccine
the preventacive properties of the blood serum during this
period were high (1:500), while after the injection of
dysentery vaccine they'were 15 times lower (1:35). The
preventative properties of organ tissues were also on the
average 5 to 7 times lower.

These data again support the opinion that the
immunigenesis of dysentery antigen in comparison with the
salmonella group microbe antigens is lower.

~ As a result of the conducted investigation it was es-
tablished, that in the tissues of a number of organs of animals
after immunization with paratvphoid V vaccine, protective pro-
perties were manifested against *he paratyphoid bacteria.
It was shown that in the tissuass of different organs this
ability is not expressed to the same extent The protective
prope ~ties of organ tissues and blood serum in animals are
to a certain extent associated with the presence of antibodies
in them.

After the immunization of rabbits with dysentery vaccine,
the preventative properties of organ tissues and blood
serum were lower in comparison with the results of the
injection of paratyphoid antigen. This corresponds to
the data on the lower effectivaness of antidysenterial
vaccination.

On should note the well expressed protective properties
of the lymphatic apparatus of the intestines, which is
significant in the mechanism of antidysentery immunity. The
‘presence of preventative properties of organ tissues of
immunized animals with respect to the corresponding casual
organisms cannot be inconsequertial to the state ol microbes
which enter the organism duriag infection and absorption
by the macrophagal cells of a number of organs. Apparently,
this must have a significant effect on the preventative
immunity.
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Conelusions

1. After subcutaneous and intravenous immunization of
rabbits with paratyphoid V vaccine, the organ tissues of
animals ‘acquire ptotective properties against the appropriate
casual organism.

2. The protective properties in animals immunizecd with
paratyphoid V vaccine wer the highest in the mesentery
iymphatic nodes, lungs, spleen, and kidneys, and least
pronounced in the liver. |

3. The highest development of the protective properties
in the tissues of organs of animals after a triple intravenous
immunization with paratyphoid antigen was observed during
the period of time between the seventh and twentieth days
after the immunization. Forty-five days after the immuni-
zation the protective properties of organs were found in
lower dilut. ons.

4. The blood serum and organ tissucs of animals,
immunized with paratyphoid V vaccine, and having the pro-
tective properties at the same time, contained antibodies
which were determinable by the complement fixation reaction.

5. In comparison with the results obtained during
the introduction of paratyphoid and dysentery vaccine into
the organisms of the animals, it was found that the blood
serum and organ tissues of animais immunized with the
dysentery vaccine, have lower preventative properties.

After the injection of dysentery vaccine the preventative
properties are best manifested in the lymphatic tissues of
the intestinal walls,
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Figure 1. FPreventative properties of blood serun
and extracts from organs following a single
and double stvccutaneous immunization with
paratyphoid vaccine.

Key: a= Immuniz:tion titers:
b= single;
; ¢~ double;
: d- test periocds:
e~ davs;
= blood serum;
g= lungs;
li= mesentery nodes;
i=- spleen;
j= kidneys;
k= 1ivel.
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P Figure 2, Preventative properties of blood serum and ,
o extracts from organs of rabbits after a triple
: immunization.
;F% Key: a- titer;
3 b- test period;

5 c=~ days;

d=- Dblood serum;

e~ lungs; ,
f=- mesenterynodes;
g~ spleen;

h= kidneys;

i- 1liver.
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Figure 3., Preventative properties and antibody con-
centration, determined by the complement
fixation reaction, in the blood serum and
organ tissues after triple intravenous
immunization of rabbits with paratyphoid
V. vaccine.

Key: a-=
b=
c-
G-
Q=
£
g—
h=
jo
j-

k=

titer;

test period;

days;

blood serum;

lungs;

mesentery nodes;

spleen;

kidhey;

liver;

the first column represents the preventative
property and

the second column the complement fixing
antibodies.
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Figure 4.

Key:

Comparison of the preventative properties
of blood serum and organ tissue. extracts of
rabbits after immunization with paratyphoid
and dysentery vaccines.

a=- titer;

b- paratyphoid vaccines;
c- dysentery vaccine;

d=- test periods;

e~ days;

f~ Dblood serum;

g- lungs;

h= mesentery nodes;

i~ spleen;

j= kidney;
k= cecum;
1= liver.
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THE EFFECT OF ADRENALECTOMY ON THE
FORMATION OF THE INOCULATED
IMMUNITY TO INFECTION
IN WHITE RATS

by

V.M.Ivanov, Laboratory of Immunology
(Professor S.I.Ginzburg-Khalinina, .
in charge).

A great deal has been published on the role of hormones
in immunological reactivity. It had thus been conclusively
shown that: |

a) the introductiaon of large doses of glucocorticoids
(cortisone type hormones) is accompanied by lowering of the
congential resistance ¢f animals to infection and in the re-
tardation of the production of antibodies; b) the existing
physiological antagonism between different hormones is -lso
found in the case of immunity phenomena; ¢! the removal
of the adrenal glands in animals is accompanied by a sharp
lowering of their resistance to infection and intoxication;
d) introduction of glrcocorticoids to animals following
adrenolectomy restores partially or totally their resistance
to infection or intoxication.

To determine the role of different endocrine glands in
the immunity phenomena it is necessary to study not only the
pharmacological, but also the physiological ef.ects of the
various hormones from these glands on the difrerent immunity
manifestations, and first of all on the naturally acquired
immunity (resistance to infection). |

The work with animals in which the endocrine glands
were removed and those in which hormon: -~ were used in
substitution therepy are of great interest in connection
wi:h the above describad problems.

The results of the multiple use of hormones in large
doses (4 to 8 mg/100 g of weight per day) do not explain
their functional (physiolojical) effects in the immunity
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phenomena, since concentrations of this magnitude are not
found under natural conditions. The data of such investi-
gations contradict the favorable results which are obtained
with the use of hormones in clinical practice in treating
different infectious diseases (Smadel and co-workers, 1951;
Ducci and Katz, 1952 and others) and the beneficial results
obtained with the multiple use of small doses (0.01 mg/100 g
of weight per day) of corticosteroids in the experiments
(Van Cauwenberge, Fazio, Lato, and Ceccarelli, 1956, and others).

Thus, from our viewpoint the most suitable models for
the study of the role of the adrenal hormones in immunity
are the animals in which adrenal glands were surgically
removed, or animals which were subjected to this operétion
but received supplementary doses of these hormones.

Using this model a number of ir estigations have been
carried out in which the role of the adrenal glands in the
formation of antibodies was studied (Roberts and White,
1951 and others) or in the natural resistance to exotoxins
(Lewis and Page, 1948; Tonutti, 1952 and others) and
endotoxins (Chedid, 1957; Ivanov, 1960a and others).

Since the most reliable index ¢f immunity is the
stability of the immunized animal to infection, it is natural
that the investigators are interested in the effect of the
removal of the adrenal gland and injection of hormones into
these animals on the formation of 4inoculated immunity.

Unfortunately, we were unable to find detailed studies
of this problen in the available publiications.

The purpose of tiis work was to study the effect of
a bilateral adrenalectomy on the formation of incculated
immunity to Gartner's bacilli infection [salomenella
enderitides.]

Method

In tris study 64 normal and 64 adrenalectormized male
white rats weighinjg from 180 to 200 g were used. The
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bilateral adrenalectomy was done under ether anesthesia in
two stages (the second adrenal gland was removed three days
after the removal of the first) through a lumbar incision.

A false adrenalectomy was performed on the control
animals,

The immunization of animals with formaldehyde vacciﬁe,
prepared from GArtners bacilli (laboratory strain 466) began
seven days after the removal of the second adrenal gland.
Each animal was given a single injection of 1 ml of the sus-
pension, containing varying amounts of microbes.

The changes in the resistance to infection under the
influence of vaccine immunization were studied according to
the following schemes.

Experiment 1. The first vaccination = 1.56 x 107 microbes/
ml; the second vaccination (one day after the first) =
1,56 x 107 microbes/ml; the third vaccination (two days after
the second vaccination) - 6.24 x 10/ microbes/ml. The
vaccination in all cases was conducted intraperitoneally.

Experiment 2. The first vaccination - 1.56 x 107
microbes/ml, subcutaneously; second vaccination (one day after
the first) - 1.56 x 10’ microves/ml, intraperitoneally;
third vaccination (two days after the second) - 2.5 x 108
microbes/ml, subcutaneously; fourth vaccination (three days
after the third) - 1.25 x 108 microbes/ml. In this ex~-
periment the vaccination was started with a subcutaneous
injection because afte: the primary intraperitoneal in=~
jection of 1.56 x 107 microbes/al part of the animals died
(the low resistance of the adrenalectomized animals to the
toxic effects of the vaccine becomes very apparent). The
single injection of the indicated dose subcutanecusly pro=-
duces a certain tolerance to the subseqguent injection of
the vaccine,

The infection of animals with different doses (for the
determination of the stability from the magnitude LDgg
according to the method cf Rid and Minch, 19328) was conducted
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ten days after the completion of the immunization cycle.
For infection the same culture was used as for the pre=-
paration of vaccine, The death of the animals was
evaluated in the course of ten days from the moment of
infection.

Experimental Results

In the previous investigations (Ivanov, 1960) it was
shown that neither adrenalectomy not the injection of
small doses of cortisone (1 ml/100 g. of body weight) to
the normal or adrenalectomized animals have any significant

" effect on the increase of the antibody titer (agglutinins)

in the blood serum of immunized animals.

Since the presence of antibodies in the blood serum
is not an absolute index of the state of true immunity (i.e.,
resistance fo infection), then in order to determine the
role of hormones of the adrenal glands in the development
of innoculated immunity it was necessary to study the effect
of the removal of the adrenal glands on the changes in the
resistance to infection under the influence of immunization
(i.e. on the effectiveness of the immunization on the basis
of the resistance to infection).

The indices of the resistance to infection were:
1) the magnitude of the LDgg to the live culture and
2) the percent lethality. Two similar experiments were
conducted the results of which do not quite coincide
(Tables 1 and 2).
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Table 1.
The resistance of rats to infection (intraperitoneal
immunization).

”e HIC0 w0 X
a Mokasatean £ nopNadbine, ANADCHIASRIOMHPOBILNLE
T .
yeroiluusocri HEHMNYHI | BMUYHU3H. | HCHMMYHUHe | HMMYNRIH-

aupoyaiiibe| posantiug 3nposaNIEG . pouatnne,

f
16 16 16 16

HHucao xuporiitix

C Beanwnna LDy, (u1ca0

MUKPOBKWX Tca B | M) 1,15x 100 4% 109 6,017x10s | 0,062x 10
d Jleraasuocts (3 %) .5 14,3 74 30
Key: a- resistance to animals; b= number of

animals; ¢~ 'LDgg magrnitude (number of microbes
per ml); d- lethality; e=- number of

animals; f- normal; g~ adrenalectomized;

h- not immunized; i~ immunized.

To obtain data indicate that adrenalectomy is accompanied
by a sharp decrease of the inherited resistance of rats to
the infection cavsed by Gdrtner's bacillius (LDgq magnitude
for adrenalectomized rats was almeost 70 times lower than for
normal rats, and the mortality was significantly higher:
71.4 and 25.1 per cent respectively). Approximately the
same effect was obtained during adrenalectomy in the
immunized animal group.

The effects of adrenalectomy on the

inoculated immunity

may be characterized by comparing
ness of immunization in groups of

the data on the effective-
normal and adrenalectorized

animals. The concept of the effectiveness of immunization
may be obtained by comparing the resistance (from the
magnitude of LDg)) of the immunized animals with the reslstance
of nonimmunized animals.,

Such a comparison shows that the resistance of normal
immunized animals is 3,48 times higher than the resistance
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of normal immunized animals is 3.48 times higher than the
resistance of normal nonimmunized animals, while the resistance
of adrenalectomized immunized animals is 3.5 times higher than
the resistance of adrenalectomized nonimmunized animals (See
Table 1,)

Thus, these data show that the removal of the adrenal
glands does not have any affect on the formation of inoéulated

immunity, but it is accompanied by a sharp decrease in the
inherited resistance to infection. '

Having determined that the removal of the adrenal glands
doec not have any effect on the formation of inoculated
immunity, we naturally were interested in repeating the
experiment (see Table 2).

Table 2.

Resistance of rats to infection (mixed immunization)

e LHea0 WHuoTHWK
[Toxssaress | _Aapenaaskronuposaniue h
L w!““““‘"“ “;I',f,;é}ﬂ:,‘,’é’ "‘f,‘ﬁ:',ﬁﬂ? " wenskumnie | Bauitite
! g | ponnum.xefl pouamume,
P - ] Sand i
b Uueso wumoriuix 16 16 16 ! 16
- C Beaxw LD .
Cotuux a2 smeeal o6k | 2rioe 00024100 | 0,191
4 levaasiocrs (s %) a2 2,4 S2.1 l 42.8
Key: a= resistance index; b~ number of animals;
¢c- magnitude of LDS? (number of microbes per
ml); d=- mortality (in per cent); e~ number
cf animals; £~ nonveccinated; g- vaccinated;
h= adrenalectomized.

In the second investigation the scheme of immunization
was changed, as it was desired to increate the duration and
the intensity of the antigen stimulation (due to the increase
of the dose of the third 4inoculation and the combination of

intraperitoneal inoculations with subcutaneous

jnoculations).

One can say that in a group of normal animals immuniza-

tion was not any more effective in comparison with
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ous group in experiment one (1.3 and 3.48 respectively).
However, in the adrenalectomized group of animals a sharp

increase in the effectiveness of immunization was noted.
While in experiment number 1 the effectiveness index was
egual to 3.5, in experiment number 2 it was equal to 60
(see Table 2).

Thus, the data of experiments numbers 1 and 2 indicate
that the removal of the adreral glands does not affect the
development of "he 4inoculated immunity to the same extent
as 1t does in normal rats.

In the evaluation of the cbtained results it shou’: be
stressed that 24 hours after the removal of both adrenal
glands a total exhaustion of the corticosteroids in the
organism is noted (Opcal)e.

i Cited from Dougherti (1952, p. 328)

Consequently, in the experiments we dealt with animals
the organism of which had a “~astically low corticosteroid
level. This is verified by a sharp lowering of the inherited
resistance of the adrenalectomized rats to the killed (during
the vaccination period) and the live Gartner's bacilli (see
Tables 1 and 2}.

This fact is in agreement with the multiple data on the
lowering of the inherited resistance to different injurious
effects as a result c¢f the removal of hyporhysis and adrenal
glands.

The significance of the deficiency of glucocoirticoids in
the lowering of the resistance of the organism of the animal,
In the case of adrenalectomized animals it was a primary
while in the case of hypophysectomized animals, it was a
secondary difficiency, i.e., due to the absence of the stimi=-
lation of the adrenal cortex hy adrenocorticotropic hormone

(Lewis and Page, 1948; Tonutti, 195Z; Ivanov 1957, 1959, and
others).
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Thus the presented data shows, unquestionably the effect of
adrenal hormones on the inheritec resistance of animals to
pathogenic effects.

Apparently, the situation is totally different with the
resistance obtained dur to immunization. The obtained data
show that in the case of adrenalectcmized animals the
immunity under the effect of vaccination develops to the
same extent (in any case not lower) as ir normal animals,

This conclusion is supported by the data on the constancy of
the anti>odu titer (agglutinins) in the blood of immunized
animals under the influence of adrenalectomy arnd the in=-=
fluence of the injection of small doses of cortisone to the
adrenalectomized and normal animals (Ivanov, 1960b).

It is interesting to note that the injection of the
indicated doses of cortisone to adrenalectomized rats restores
totally the inherited resistance of rats to the toxic effect
of the vaccine, prepared from Gartner's culture (Ivanov, 1960a).

Conclusions

1. The bilateral adrenalectomy is accompanied by a
sharp decrease of the inherited resistance of rats to
infection.

2. The absence of th~ adrenal glands does not affect the
development of the acquired (under the influence of
vacciration) immunity to the Gartner's culture infection.

3. In the adrenalectomized rats the mixed (subcutaneous
and intraperitoneal) vaccination is nore effective than
intraperitoneal vaccination alone.
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- IMMUNOLGICAL, MORPHOLOGICAL AND HISTOCHEMICAL
» ~REACTIONS OF THE ORGANS OF RABBITS
' TO POLYVACCINE INJECTIONS

by ‘ ' ‘ .

S.I.Gingburg~Khalinina, Ye.F. Vakarina
and V.N.Kartasheva, Laboratory of
Immunology (Professor S.I.
Ginzburg=Khalinina
in charge).

In spite of its great theoretical significance the
relationship of the antigen absorption process tc the for-
mation of antibodies in different cell systmes is still un-
clear. ’

During the infectious process a number of changes in
the morphological structures and biochemical reactions of the
organism take place. Analogously, one must assume that after
the injection of vaccine into the organism changes in its
ordinary structures and functions must also occur.

In spite of the significant volume of experimental data
a great deal remains unclear in the interpretation c¢f the

cell reactions observed in the organ tissues in response to

the injection of anticen. The participation of the individual
organs in the synthesis of antibodies and their role in
various processes is still insufficiently well elucidated.

The majority of the investigators indici'e the signi-
ficance of plasmatic cells in the production of antibodies
(Bing and Plum, Koons and co-workers, Fagreus) and the cells
of the macrophagal=-endothelial system (Mc:-hnikov, Sebin).

On the other hand, there are data on the participation of

lymphocytes in the formation of antibodies (Harris and co-

workers, Daugherty, Chez and White).

After the acceptance of the protein nature of antibodies
many of the investigators established the significance of
the intensity of protein metabolism in celis for the for-
mstion of antibodies. Indivudual investigations show that
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the increasing basophilia and increased concentration bf
ribonuclei acid may be used as the indices of the biolwgical
activity of cells (Brashe, Fagreus, Rappcport).

The investigations of Kartashova and Bodisko estabiished
the relationship between the increased amount of ribonucleic
acid and the formation of antibodies in rats, innoculated
with Gayskiy's tularemia vaccine. The obtained data are
based on the-compgrisonVOﬁ the concentration of ribonuclei
acid in the organ tissue cells, and antibodies in the blood

serum. On the other hand the work of Ginzburg-Khalinina and

Vakarinina has shown that after the injection of tvphus .
abdominalis microbe antigen into rabbits both', . the antigen
as well as the antibodies may be found in the tissues of a
number of organs in the course of a long period of time.

Therefore, it is of interest, to expand the above-
described observations. In this connection the work had
been carried out, the purpose of which was:

1) to determine the relationship between . the concen=
tration of antigén in the different organs and the mdrphc—c
logical changes resulting from its presence; |

2) to determine the effect of antigen in the organs on
their activity in the antibody formation processes. This
is partially manifested by the activation of reticuloendothelia
the occurence of plasmatic cells and the increase in the
concentration of ribonucleic acid.

This work was carried out with chinchilla rabbits
weighing from 2.4 to 2.7 kg. Polyvaccine series 361,
precipitated with calcium phosphate and containing antigens
of typhus abdominalis, paratyphoid A and B, Flexner's ané
Zonne dysentery, cholera and tetanus antitoxin, was injected.

The polyvaccine was injected in a single 2 ml dosg¢
subcutaneously on the inner part of the hip. The rabdbits were
totally exsanguinated after different periods of tims had
el: sed, since the injection of the vaccine au, 2, 7, 10, 30
and 45 days).
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The internal organs of the animals (liver, spleen,
 mesentery lymphatic nodes, small intestine walls with

Peyer's patches, lungs, kidneys) were studied by serological
reactions to the concentration of the most active typhus
abdominalis antigen in the polyvaccine and the corresponding
antibodies. The morphological studies involved “he
determination of the presence of the active reticuloendothelial
&nd plasmatic cells. Histochemical studies were conducted
to determine the presence of ribonucleic acia. | »

For serological investigations siline solution extracts
of the organs were prepared in a 1:4 ratio,

The concentration of typhus abdominalis antigen was

determined in the quantitative complement fixation reaction
at low temperature with the corresponding hyperimmune rabbit-
serum. Antibodies which fixed the complement, were determined
in the extracts of orgars and blood serum by the complement
fixation reaction with typhus abdominelis antigen.

One day after the inject.on of the polyvaccine,'insig-

were found in the spleen. Two days after the injection it
was not determinable at all. However, in the period start-
ing with the seventh day, through to the forty~fifth day
after the injection, an almost identical low concentration
of antigen was found (the titer was 1:10 to 1:15) (Fig. 1).
! | Low titers of antibodies were found in the spleen

(up to 1:20) after one dav. Two days after the injection,
their concentration was lower, and subsequently the antibody
titers were increasing (1:25 to 1:30) and only after 30 days
the lowering was again observed (1:10 on the 450 day).

The amount of ribonucleic acid was increasing moderately
on the first day after the immunigzation and increased
significantiy by the seventh cay. On the tenth day it began
to decrease slightly and remained at that sufficient:y high
level until the end of the experiment.
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The activation of cells of the reticuloendothelial
system was noted one day after the injsctién of antigen

and continued through the seventh day. Later the number

of activated cells decreased, since by this time, the ) .
majority of them were converted to plasmatic cells. However,
on the 30t and the 45t day, the number of activated reticul=’
endothelial cells in the spleen again increased. It is
believed that “his phenomenon is associated with the re-
circulation of the antigen which is gradually resorbed from
the depot. '

One day rol’owing the injection of the vaccine, the
number of immature plasmatic cells in the'spleen'doubled and
by the seventh day, it tripled in comparis~n with their
‘content in contcol rabbits., It remained at this level until
the tenth day and then decreased by the thirtieth day. On
tiie fourth tec fifth day after the immunization, the rumber
of immature plasmatic cells again increased similafly t> the
behavior of the reticuloendothelium. By u..» seventh day after
the injection of the vaccine, the number of mature plasmatic
cells in the spleen varied, but it was generally somewhat
higher than in the control rabbits. After the tenth Jay
simultaneously with lower.ng of the number of immature cells,
the number of mature cells increased, i.e., the plasmatic
cells matured. In the period from the 30® to the 45% day
the number of mature plasmatic cells remained constant,
although it was significantly higher than in the non-
innoculated animals.

In comparing the above curve it is found that the period
of maximum concentration cf antibcdies in the spleen (the
tenth day after immunisation) is preceded by the accumulation
of the greatest amcunt of ridbcnucleic acid, activated
reticuloendothelial cells and immature plasmatic cells in
its tissues.

The periocd of lowaring of the antibody titer {(the 13v
day after the injection of the vaccine) coincided with the
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occurrence of the multiple mature plaSmatic cells in the
tissues, the level of which remained constant up to the

¢ forty-f1fth day.

The mesentery lymphatic nodes of rabbits produce an

f‘iﬁtlnsa reaction to the injected antigens. Immunologic .lly
. this is determined by the abscrption of antigen and the

pkcs@nqe of antibodies in the lymphatic node fibers (Figure

7@). “After the injection of polyvaccine, analogously to spleen

data, the typhus abdominalis antigen was found in the
lymphatic nodes on the first day. Subsequently, on the

. sacend and 3eventh day the antigen was not found. However,

by the tenth day it was again found in a relatively larger
titer (1:30) and remained high through the 45% day (1:15
titer). The antibodies were found in the lymphatic nodes of
individual rabbits after 1 day in insignificant amounts
(average titer 1:5), but by the tenth day the titer increased
(1:20) and only by the 45t day it began to decrease (1:15).

Ribonucleic acid was Jound in the mesentery lymphatic
nodes also in the control rabbits (those which were not
innoculated) in nultiple cells of the activated reticuloendo-
thelium and immature plasmatic cells. '

After th: immunization of rubbits the concentration of
ribonucleic acid and activated reticuloendothelial cells
increase significantly, reaching a maximum on the seventh
through the tenth day. By the 30% day lowering of the
corresponding curve was observed, and on the 45% day, the
amount of ribonucleic acid and activated reticulendothelial
cells again increased.

The number of immature plasmatic cells increased some-
what during the first day after immunization. Subsequently,
it lowerud and only after the tenth day the increase in their
concentration was again noted, reaching a maximum by the 30®
day. It remained at the same lavel on the 450 day after
imsunisation, ‘

The mature plasmatic cells were almost totally absent
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in the mesentery nodes of the control rabbits., In the case
of the immunized animals their concentration by the tenth :
day remained at the same level until the 30t day, after which @
from the 30% to the 45% day it was decreased, yet it was !
still higher than the level in the uninocalated animals.

Subsequently, we investigated the walls of the small
intestines, taking those sections of the stomach walls which
contained Peyer's patches.

The typhus abdominalis microbe antigen was detected in
the small intestine walls during the seventh, through the
tenth day period after the injection of polyvaccine (titer
up to 1:35). Antibodies were detected rarely and in a low
titer (Lo to 1:20) (Sea2 Figure 3). ‘

During the histochemical study of the walls of the small
intestines, it was found thet in immunized rabbits, the amuunt
of ribonucleic acid increased in the Peyer's patches,
ribonucleic acid was also found in the‘Peyer's patches of
the nonimmunized control animals, but in smaller amounts.

- The enrichment of the Peyer's patches with the ribonucleic
acid is primarily associated with the increase of the amount %
of activated reticularendothelial cells, where the increase
in the plasmatic cells is practically unobserved.

On the investigation of all of the indices in the dynamics
of immunization it was found that the period of the greatest
concentration of antigen in the intestine walls (by the
sevelnth day after immunization' coinc'ldes with the period of
greatest activation of the cells of the reticulendothelial .
system and the accumulation of ridboriucleic acid in thenm.

After the seventh day the amount of ridbonucleic acid
and the nuam»er of activated recticuloendothelial cells
decreases. On the 450 day after the injecticn of the
polyvaccine the concentration of the latter again increases,
but the amount of ribonucleic acid remains at the sane,
moderately high level.

After the injection ol poiyvaccine the liver of the
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animal did not contain typhus abdominalis antigen, but the

+. - sntibodies were found on occasicn in aifferent rubbits in a
"7 low titer (Rigure 4),

AS nearly as it is possible to detect, by means of

).’;‘hiitoehamlclzg Brache method the injection of the polyvaccine
" ‘affects the concentration of ribonucleic acid only in the
- ¢ells of Glisson's sac of the liver, and partially in the
. reticuloendothelial cells, located along the capillaries.

Even here the effect is not so regular as in the case of the
lymphatic organs. The concentration of ribonucleic zcid
in the liver cells was unaffected by the injection of poly-

‘vaceine.

Only in isolated cases, the activated reticuloendothelial
cells were fourd in the liver. Apparently the activation
process of reticuloendothelial cells in the liver, i.e.,
histocytes of Glisson's sac occurs unnoticeably.

The number of 1mmatur§ plasmatic cells and the amount
of ribonucleic acid one day after the inject:cu of podly~
vaccine increased in the liver by approximately a factor or
two. After the seventh day, the number of immature plasmatic
cells began to decrease, while the number of mature cells
was increasing up to the 10% day. After the tenth day the
lowering of the number of mature plasmatic cells was noted
as well as lcwering of the concentration of ribonucleic acid.
By the 45% day, a slight increass in tha amount of ribo-
nucleic acid and the plasmatic cells was again noted..

The typhus o%dominalis antigen and the corresponding

. antihodies were discovered in the lunc: after the injection
- of the vaccine throughout the wholi: investigated period.

The antigen titer was low (1:10:15) while the antibody titer
was higher than in other organs (Pigure 5). 3

In the histochemical investigations it was found that
the lungs of the control animel= (nat inoculated) contained
small amounts of .ibor:cleic acid. Small numbers of immature
and mature pll-ﬂati. galas, l’ﬁalizad in the sccumulation of
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the lung septa, primarily near large blood vessals, and the
bronchial tubes were found. In immunized rabbits, the

amount of ribonucleic acid was increased moderately, primarily
due to the incrcase of the number of immature and later

‘mature plasmatic cells. The activation of reticuloendothelial
cells both in the lungs as well as in the liver was rarely
found. La*er the number cf nlasmatic cells and the amount
of ribonucleic acid decreased gradually,and by the 450 day,

it increased again. :

Totally different data vere obtained in the study of the
kidneys of rabbits. Both typhus abdominalis antigen and
thé'corresponding antibodies were discovered in the kidneys
of rabbits innoculated with polyvaccine in titers greater than .
in a number of other organs, in the course of the whole 45
day investigation period. . However, the cell tissues of the
"kidneys did not react, in the same manner as other organs, 1]
to the concentrstion of antigen either through the elements o
of t. @2 endothelial system or through the development of i
plasmatic cells or by the increase of the concentration of
ribonucleic acid (Figure 6). g

. Here it should be remembered, that in the cells of the
kidney tissues, as well as tissues of other organs with high
physiological activity (for example muscles), it is not
possible to determine the presence of ritonucleic acid by
mean: of the chemical method.

In order to make a better visual compari:on, the average
data are given below i the concentration of the typhus
abdominalis antigen and antibodies in different organs in
the course of the 45 day period after immunization. These 3
data are arithmctic means of the antigen and antidody titers
throughout the whole indicated period. Cytological shifts,
determined as indicated adove, by the activation of the
reticuloendothelium elements, the presence of p.asmatic
cells, both mature and immature, ana also Ly the increase

© e e

»

-95=




of the concentration of ribonucleic acid in the organ tissues
are given alohg with the average antigen and antibody titers.
(Piguce 7).
- The reactions of the iissues of different organs to
tha i ‘ection of polyvaccine were not the same. Thus, for
example, the presence of the antigen of the typhus abdominalis
microhe in the spleen, mesentery lymphatic nodes and the oo
samall intestine walls produced the activation of the reticulo-
sndothelial system elements. In the liver, on the other .
hand, where the antigeﬁ was not found, the cell reaction was
weak and sluggish.
In the kidneys, where the antiger was found in amounts
exceeding its concentration in other organs, the activity
of the cell reaction to its presence was not noticed. In the
lungs also the presence of antigen caused only a weak re- |
action on the part of the reticuloendothelial system. !
It was of interest to determine how the presence of ‘
antibodies in different organs affects the concentration
of the plasmatic cells in them.
In the majority of organs (spleen, lings, mesehtery
lymphatic nedes) the presence of antibodies in relatively
high titers causes an increase in the number of the plasmatic
c§1ls. | - ‘
It waé also noted that this period of increase of
antibody titer was asscciated with the increase of the
number of immature plasmatic cells, waile the period of
lowering of titer preceded or coircided with relative
increase of the number of mature plasmatic cells,
In the cells of the majority of organs, containing
antibodies (lymphatic nodes, spleen, lungs) the amount of
ribonucleic acid was also i:creased.
The presented o%servatiuns support the opinion of many
authors (Planel‘'yes and Forshter; Mac Neii, Fagreus, Rice,
Martins and Erick) regarding the role of the plasmatic cells
in the production of antidbodies and indicate the participation
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of a number of organs in the process.
The data of this work shows thatin contrast to other
organs the kidneys of rabbits do not react to the presence
of antigen by changing their histological structure.
Apparently, the antigen is captured by the cells of the
. epithelial kidney channels, which have a tendency to capture
foreign substances, of nonantigen nature, designated for
. excreation from the organism. ‘ |
Keeping in mind the literature indications of the ability
of the crgén tissues to absorb antibodies (Robers, Adams, :
and White), it is possible to assume that antibodies were
not produced in the kidney's and they were only absorbed from
the blood by the kidney tissue cells,
It is possible that in the lungs, where the activation
process of the reticulci.ndothelial system elements after the

injection of antigen is taking place rapidly,its concentration
was partially associated with the function of the freeing

of the organism from féreign principle by oxidation of the
cell elements which contain it (Anichkov). However, in

view of the pronounced cell reaction of the lung tissues to
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the presence of antigen, manifesting in the increase of the
number of plasmatic cells, as well as in the concentration
of ribonucleic acid, one could assume that the lung tissues
participate Lo some extent in the production of antibodies.
On the baslis of the data of this investigation one
may assume that the absorption of antigen by the cells of
the reticuloendothelial system produces activaticn of these
elements, which is observed in the spleén, mesentery |
lymphatic nodes and in the walls of the intestines. In the
spleen, and lymphatic nodes one observes increased metabolic:
processes (increased amount of ribonucleic acid), the ociurrenca
of plasmatic cells and antibodies.
The significance of the cellular raaction of the
intestine walls (Peyer's patches) to the introduced typhus
abdominalis antigen required further invectigation. It
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is only possible to hypothesize that the concentration of
antigen in them is associated with the tropism of the typhus

abdominalis microbe to the walls of the small intestine and

depends in this case on the chemical properties of the antigen.
The role of the liver in the reaction of the organism

to the introduced polyvaccine is not clear. Although the

redction of the liver, determined by the concentration of

typhus abdominalis antigen and antibodies in comparison with

other organs was weak and less consistent. In the tissues

of Glisson's sac of the liver a small increase of the ribo-

nucleic .acid and the number of plasmatic cells were cnserved.

Conclusions

l. In a number of organs, containing. typhus abdominalis
antigen of the polyvaccine (spleen, mesentery lymphatic nodes,
Peyer's patches, small intestine walls), activation of the
cells of the reticuloendothelial system was observed.

2. During the period of the increased crncentration of

. antibodies in respcase ic tha2 inirouucea antigen increase

of the con:centration of ‘mmature plasmatic cells in a number

| of organs was observed. Tiie periods ot lowering of the

antibody titer preceeded or coincided with the relative increase
of the number of mature plasmatic cells.

3. The concentration of ribonucleic acid in a number
of organs (lymphatic nodes, spleen lungs,) increased in
parailel to the increase of the antibody titer.

4. In rabbit kidneys after the injection of polyvaccine
along with the increased concentration of typhus abdominalis
antigen and antibody no morcphological changes were observed,
which supports the role of the excretory function of the
kidneys in immunogenesis.

5. In the walls of the small intestines (Peyer's patches)
after the injection of polyvaccine aiong with a significant
concentration of antigen and the aciivation phenomenan of
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‘of the cells of the reticuloendothelial system, plasmatic
cells did not occur., Aatibodies were discovered for a
short period of time in low titer.

6. The.typhus abdominclis antigen of the polyvaccine
was not found in the liver. 1Its antibodies were found
irregularly and in insignificant titer. The histological
changes were weakly expressed and were not consistent.

' 7. The increase in the number of plasmatic cells,
primarily, immature cells and ribonucleic acid during the
period of increase of the concentration of antibodies in the
Spleen, lymphatic nodes and lungs indicates the participation
of these organs in the production of antibodies.
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Figure 1. The reaction of the spleen to the injection

Key: -

of polyvacclne.

a-= Typhus abdominalis antigen titer;
‘ b= antibody titer of typhus abdominalis;
" ¢c= RNAj

d- Immature plasma cells;

e~ Mature plasma cells;

f- activated reticuloendothelial cells;

g~ control.

o oV = et

o AARARRD e & -



30)
23

2 2 S

£INTIIINS @

i
il
i

b o

eigure 2. The reaction of the mesentery nodes
* to the injected polyvaccine.
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Reaction of the small intestinal walls
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the injection of polyvaccine.
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Figure 4. The reaction of the liver to the injecfion
of polyvaccine.
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Pigure 5. The reaction of the lungs to the injection
of polyvaccine.

Key: a= Control.
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Figure 6. The reaction of the kidneys to the injection
of polyvaccine,

Key: a- Control.
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Figure 7. Averaged indices of the concentration of
typhus abdominalis antigen, antibodies,
ribonucleic acid and cytological changes
in the organs of rabbits in the course of
the 45 day period after the injection of
polyvaccine,

- ! : Key: a= Titers:
T b= Control;
. ¢= liver;
- _ : : d= spleen;
.‘t ' , e~ mesentery lymphatic-nodes;
f~» intestinal walls;
g= lungs;
h= kidneys.
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MORPHOLOGICAL CHANGES IN THE ORGAN TISSUES
OF RABBITS AFTER THE INJECTION OF
ADSORBED AND NONADSORBED
POLYVACCINE ANTIGENS

by

V.N.Kartasheva and V».F.Vakarina,
Laboratory of Immunology
(Professor S.I.
Ginzburg~Khalinina
in charge).

The method of immunization with sorbed antigen is based
on the fact that after the subcutaneous injection these
antigens cause, in the surrounding tissues, stronger and
more widely spread reactions than nonsorbed antigens. During
a prolonged period of time encapsulation and organizaticn
of the sorbed antigen processes develop, in the course of
which they are only slowly and gradually absorbed from the
depot formed in the place of the injection. At the same time .
the duration of the action of antigens on the organism is
increased.

The introduction of large particles of substance with
the antigen sorbed on their surface causes a local in-
flammation reaction. The inflammation reaction ic associaced
with the activation of local elements of the corinective
“issue, the increased absorption ability of the histocytes
and an increase in the rate of the wetabolic processes in
the tissus cells. It was, therefcre, noted that the in=-
flammatory reaction after the injecticn of vaccines has a
prolonged effect on the formation of immunity.

On the other hand, some investigators believe that
sorbing substances (similar to nonseptic stimulants) may
iacrease the stimulation of the nerve endings and help the
developmerit of a number of reactions of the organism, which
has a significant effect on immunity (for example, phagocytosis,
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the state of tropic functions, etc.).

In spite of the broad applicability of aorbed antigens
in the practice of innoculation up to the present time there
are practicéliy no observations of the cytological character-
istics of the reactions of the organisms to their injection.
The existing data refers only to the study of local reactions
of the tissue to the injection of the sorbed antigens,

Consequently, this investigation was undertaken in
order to determine the nature and the dynamics of the develop-
ment of the cellular reactions of the animal organisms
after the ihjection of polyvaccine antigéns in the sorbed
state in comparison with the results of inoculation with
the same antigens but not in the sorbed state.

At the same time the state of the immunological re-
activity of the animals was de:ermined by the complement
fixation titer of typhus abdominalis, antigen agglutinins,
and antibodies in the blood serum.

~The work was conducted with male chinchilla rabbits
weighing from 2,3 to 2.7 kg. The rabbits were injected
with commercial polyvaccine series 361, which contained
0.05 mg/ml. of typhus abdominalis microbe antigens, para-
typhoid A and B and Flexner's dysentery (0.125 mg each),
Zonne dysentery (C.05 ..g) and cholera (0.25 mg).

Calcium chloride (20% solution) and sodium phosphat:
»20% scolution) were added to the polyvaccine ac sorbents in
the amounts equal to 2.5 ml/100 ml and 7.5 ml/100 ml of
diluted polyvaccine. respectively.

A parallel experiment was conducted with rabbits which
were also injected with the same polyvaccine, but without

" the addition of sorbents.

. ———————

The polyvaccine was injected into the rabbits s..ocutane-
cusly on the innus part of the right hip. Following different
periods of time after immunization (1,2,7,10,30 and 45 days!)
the rabbits were exsanguinatel., Their organs and tissues
at the site of the inlection of the antigen were subjected
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to morphological and histochemical investigations (ribo=-
nucleic acid was determined by the Brache method with
staining according to Goldmann's method and with
hemtaosilin-eosin). The concentration uf antibodies in
the agglutin complement fixation reaction was determined in
the blood serum of the rabbits.

For each time interval after the injection data were
obtained from at least two rabbits, immunized with sorbed
or unsorbed polyvaccine.

To determine the changes which occur in the tissues
after the injection of polyvaccine data obtained from six

control rabbits (i.e., uninoculated) were investigated at
the same time.

Results of the Investigation of the Immunization of
Rabbits with Unsorbed Polyvaccine

In the tissues, at the site of the injection of unsorbed

polyvaccine, one day following immunization a center of
acute phlegmonous inflammation in the region of the ac-
cumulation of the mass of the antigen was observed. Lat->r,
on the toundry of such an accumulation,' a r.arrow band of
necrosis of the adjacent tissues was occasionally detected.
Subsequently, the process of the resorption of the antigen-
mass was accompanied by the development of a rather
moderate amount of granrulation tissue, sometimes containing
a limited number of fine gigantic resorption cells, The
granulation tissue matured and became mature connecting
tissue. The excess connecting tissue was gradually reduced.
By the 450 day the tissue in the place of injection was
generally normal and only in isolated cases was it possible
to detect the zmall growth of mature connecting tissue in
the deep part oFf the derma. The lymphatic nodes,” mainly
the regional node near the place of the injection of the
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vaccine, and also the spleen increased somewhat in volume

“by the second through the tenth day after immunization.

During these days histological investigations generally
revealed hyperplasia of the reactive centers of the follicles
of the lymphatic nodes, and occasionally of the spleen and
Peyer's patches., lLater this hyperplasia decreased, and then
disappeared totally. On different days after immunization
(llday'to 45 days) a well expressed myeloid metaplasia of
pulp was developed in the spleen of certain rabbits. |
Frequently, predominantly during the first few days
after immunization, along the liver capillaries an
insignificant microfocal proliferation of fine cells of
the reticuloendothelium could be cbserved. In the region
of the liver capillaries, small stoppers were occasionally
formed from these cells.
In the study of the concentration of ribonucleic acid
in the tissues it was found that even one day after immuni-

zation certain organs contained insignificant amounts of

ribonucleic acid. Two days after immunization, this phenomena
was very clearly expressed and reached a maximum 7 to 10 days
after immunization. Subsequently, its intensity gradually
decreased, but even 45 days after the immunization, the
amount of ribonucleic acid did not always return to its
normal level, and not everywhere.

Increase in the amount of ribonucleic acid was most
noticeable in the spleen, Peyer's patches and the lymphatic
nodes. It should be noted that it was observed the earliest
and most significantly in the lymphatic nodes, close to the
region of the injection of the antigen, i.e., in the right
inguinal lymphatic node, as well as in the mesentery lymphatic
nodes, where this phenomena began somewhat later, but it was
more intense. ‘

A very small, but regularly observable increase in ihe
amount of ribonucleic acic was noted in the thyroid gland
and iungs =-- the organs which in contrel (nonimmunized)
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rabbits contained low amounts of ribonucleic acid. The
increase of the ribonucleic acid concentration was observed -
less regularly and in insignificant amounts in the Glisson's
sac of the liver.

The increase in the amount of ribonucleic acid occurred

. predominantly due to the occurrence 'of multiple activated

reticuloendothelial cells, immature and later mature plasmatic
cells. In the reactive centers undergoing hyperplasia
ribonucleic acid was noted in large and medium lymphocytes.

In the spleen of the control (nonimmunized) rabbit:s,
a significant amount of ribonucleic acid was also obtained
in the cytoplasm of the medium lymphocytes, in the region
surrounding the follicles. The immunization process affects
the amount of ribonucleic acid in this region only to a small
extent. ' '

The activation process of reticuloendothelial cells
occurs as follows: the ordinary reticuloendothelial cells
in the midst of a number of small size reticuloendothelial
cells, normally not rich in ribonucleic acid, begins to
enrich in it, which is manifested in the occurrence of
ribonucleic acid containing granules and lumps, gradually
increasing in the number and dimensions. The nucleus of the
tissue cell increases in size and becomes also enriched in
ribonucleic acid. The longitudinal thin processes of the
cell begin to shorten, thicken and the cell acquires the form
of an irregular polygon. These cells we call activated
reticuloendothelial cells, since they are activated with
respect to the syathesis of protein. Subsequently, these
cells are very frequently converted to plasmatic cells.
In this case the body of the cell acquires a spherical shape,
decreases in its dimensions and becomes richer and richer
in riborucleic acid. The cell nucleus also decreases in
dimensions and finally becomes unnoticeable. The nucleus
gradually recesses to the periphery and responds more
intensely to the basic dye stain. Near the nucleus at the
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. place pf the cell center and the sphere, a light spot develops

and the cell is converted into a typical plasmatic cell.
In the control ( uninoculated) enimals the activated
cells of the reticuloendothelium were reqularly found in a

very small amount in the cortex and medullar matter of the

lymphatic nodes, in the reactive centers of the lymphatic node
follicles, in the spleen and Peyer's patches, in the spleen
pulp, in the Peyer's parches =-=- outside of the reactive
ctenters, in the bone marrow -- in the form of single cells

and occasionally in the thyroid gland.

The liver and the lungs of the control animals, contained
no activated reticuloendothelial cells, while in the immunized
animals they were found only occasionally.

The conversion of activated reﬁiculoendothelial cells
into plasmatic cells is not mandatory. In the reactiva
centers of lymphatic follicules undergoing hyperplasia the
number of activated reticuloendothelial cells always increases,
but there they are converted into large and medium lymphocytes.

A relatively insignificant enrichment of the thyroid

-glénd with ribonucleic acid, predominantly its substantia

corticalis occurred primarily at the expense of an increased
number of large and medium lymphocytes, and only to a small
extent at the expense of cells of the activated reticuloendo-~
thelium, immature and mature plasmatic cells.

Since the cells of the activated reticuloendothelium
are converted to plasmatic cells, it becomes qui‘e clear
why on the first days after the immunization in the tissues
it is primarily the number of activated reticulocendothelial
cells which is increased, while seven to ten days after
immunization a large increase in the plasmatic cells is
observed, 1Initially, it is the immature, and later mature
plasmatic cells which are predominant.

The immunigzation proczss may cause a slight increase
in the number of activated reticuloerdothelial, immature
and mature plasmatic cells in the borie marrow of rabbits.
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In the bone marrow of nonimmunized (control) rahbits the amount
of these elements is insignificant.

After the injection of polyvaccine the process involving

the splitting of the cytoplasm, enriched with ribonuclelc acid,.

from mature and immature plasmatic cells of the activated

reticuloendothelium increases. This phenomenon can be observed:

two days after the injection of the polyvaccine, but it
becomes extremely pronounced seven tc ten days after the im-
munization. This coincides with the occurrence of the
highest antibody titer in the blood serum of the immunized
animals. One can assume that the cytoplasm particles, rich
in ribonucleic acid, are utilized in some fashion in the-
process of the formation of antibodies. In the course of the
subsequent days the intensity of the cytoplasm splitting
process rapidly diminishes. It is generally difficult to
detect the cytoplasm splitting process in the liver and the
lungs, Ttut in isolated cases it was observed on much later
dates after immunization (ten to thirty days following the
immunization).

During the initial days after immunization, particularly
on the second day, the vacuolization of the cytoplasm of
the reticuloendothelium of the lymphatic node sinuses, (pre-
dominantly the node which is reactive to the place of the
injection of antigen) increases. Some authors associate this
phenomenon with the processing of antigen by the cells of
the reticuloendothelium,

In the lymphatic nodes of immunized rabbits, and less
frequently in the spleen, an increased number of Russel's
bodies, formed in the plasmatic cell cytoplasm are detected.
Somatimes, this is observed seven days after the injection
of antigen. On later dates the number of Russel's corpuscles
increased and the dimensions of the corpuscles themselves
also increased.
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The Results of the Investigation of the Immunization

of Rabbits with Poiyvaccine Sorbed on Calcium

Pnosphate or Hydrated Aluminum Oxide

The local resection of tissues Lo local injection of
polyvaccine, precipitated with calcium phosphate or hydrous
aluminum oxide, was manifested in the intense exudation and
proliferation processes with the organization and resorption

of the bulk of the derosited antigen. On the forty-fifth day,

primarily in the place of the injection of the antigen, only
a samll amount of the connecting scar tissue is found. In
contrast to changes during the immunization with nonsorbed
antigen we were unable to observe the development of necrosis
of the adjecent tissue at the boundary with the accumulations
of the.antigen,but at the place of the injection a large

inflammation site developes which was liquidated ruch slower.*

¢ M.S.Didukh. "Study of Local Histological Reactions
During Subcutaneous Injection of Vaccines and Serums of
Deposited Antigen" Problems of Bacteriplogy, Virology and
Immunology, Transactions of the Moscow Scientific Research
Institute im. Mechnikov. Moscow, 1958, Vol.12 pages 37 to 48.

ey

Protecting histological structures, similar to those
which were described earlier for rabbits immunized with non-
sorbed antigens were developing in the internal organs of
rabbits immunized with sorbed polyvaccine. However, during

the study of the obtained data the following differences were
noted.

The reactive centers of the lymphatic follicules in
rabbj cs, immunized with the sorbed antigen, remained in
hyperplasi: state in the course of a much longer period of
time, than after the injection of noncorbed vaccine.

Occasionally, even after forty-five days they did not return
to their initial state.




On different days (first through the tenth day after
immunization) moderately pronounced myeloid metaplasia of
the pulp of the spleen was developing of the same nature as
in rabbits immunized with not sorbed antigen. However, the
increase in the number of myeloid elements in the capillary

' region of the internal organs in rabbits which received sorbed

pclyvaccine was much more significant.

Proliferation reaction on the part of the reticuloendo=-
thelium more widespread and more frequently developed.

An occasional occurrence of small polynuclear giant cells
in polyferrides, and the development of small areas of light
reticuloendothelial cells in the lymphatic nodes and the
Peyer's patches was observed only after an injection of
sorbed antigens. ‘

Both after the injection of sorbed as well as nonsorbed
antigens of polyvaccines the amount of ribonucleic acii in
the tissue was increased. Its level reached & maximum on
the seventh to the tenth day after the injection. However, ‘
after the injection of sorbed antigen, a significantly larger
amount of ribonucleic acid was synthesized in the tissue cells
than after the injection of nonsorbed polyvaccine. Correspon=-
dingly, cduring the indicatedbperiod of time the tissues
contained a larger number of cell elements with ribonucleic
acid, i.e. cells of the activated reticuloendothelium and
mature and immature plasmatic cells.

In contrast to the rabbits which were injected with
nonsorbed antigen, in the animals immunized with sorbed
vaccine the amount of ribonucleic acid did not decrease by
the tenth day, but was preserved for long pericds of time and
at a relatively high level.

After the injection of sorbed antigen into the course
of a much longer period of time the presence of reticuloendo-
thelium cells containing ribonucleic acid was observed in the
tissues, i.e., the cells of the activated reticuloendothelium
and immature plasmatic cells, The mature plasmatic cells in
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in the tissues of these rabbits were also numerous (Figure
1 to 10)[sicl

The reaction of the rabbits mesentery nodes and the
Peyer's patches tc the injection antigens of peclyvaccine
was unique. |

Although the mesentery nodes reacted to the injection
of polyvaccine somewhat later than the regional lymphatic
nodes, their reaction was much more pronounced and the amount 1
of ribonucleic acid accumulated in them was large. However, )
the maturing of the plasmatic cells in the mesentery lymphatic
nodes of rabblts occurred very unenergetically and the mature
plasmatic cells were rarely found, but the cells cf the
activated reticuloendothelium with the admixture of immature
plasmatic cells were predominant.

The generalizations which we have thus far expressed,
are not aiways completély valid with respect to the mesentery
lymphatic nodes and the Peyer's patches. It is possible that
the cause for this is the closely located cother medium (the
intestinal tract region).

The process of splitting of cytoplasm from the body of
reticuloendothelial and plasmatic cells, rich in ribonucleic
acid, is especially significant seven to ten days after the
injection of both sorbed and nonsorbed antigen., However,
during the latter dates after an injection, the undulatory
increase of this prccess was observed which was not noted
in rabbits innoculated with polyvaccine without adsorbing
substances. This probably results from the delivery of new
portions of antigen from the depot at the place of the in-
jection.

The vacudlization of reticulcendothelial sinuses of the
lymphatic node in rabbits, immunized with sorbed antigen, was
observed riot only in the course of the first two days after
imrunization, but also later, frequently as long as forty-
five days after immunization.

The nunber of Russel's bodies in the rabbit tissues
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immunized with sorbed polyvaccine was also larger than after
the injection of nonsorbed antigens.

In order to clarify the relationship between the described
morphological changes with the production of antibodies in
rabbits, immunize3l with polyvaccine (native and sorbed),
comparisons weirs made between the average indices of the
concentration of ribonucleic acid in the tissue, the number.
of reticuloendothelial cells, (enriched in ribonucleic acid),
the number of plasmatic cells (both mature and immature) on
one hand and the average antibody titers with respect to typhus
abdominalis antigen of polyvaccine in the blood serum on the
other.

The average indices ¢f morphological changes were deter-
mined in those organs which on the basis of the available
data appear to participate in the antibody formation process
~-- the spleen and lymphatic nodes (regional, further removed
and mesentery).

The average agglutinin and antibody titers were deter-
mined in the blood serum by the complement fixation reaction
{Figure 11)[sic])

On the seventh day after the injection of both sorbed
ana unsorbed polyvaccine, high agglutinin titers were found
in the blood serum. However, in rabbits which received
nonsorhed polyvaccine, the average titer was higher (1:200),
and by the tenth day, it increased even further (1:320). On
the thirtieth day, agglutinin was no longer found in the
blood s..rum of these rabbits. The dynamics of the agglutinin
titer in the blood serum of rabbits immunized with sorbed
polyvaccine was scmewhat different. After the maximum titer
on the szeventh day, a slight decrease of the titer was
observed by the tenth day (1:50). However, agglutinins were
found in the blood serum of rabbits of this group through
the forty=-fifth day ithe end of the observations) with some
variations in the titer (1:40 to 1:60).
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The antibody titer curve, (complement fixation. reactior) was
resembling primarily the agglutinin concentration curve.
The maximum titer of these antibodies in the rabbits, immunized
with nonsorbed antigen (1:60) was observed also on the tenth
day but it was not decreasing as sharply as the agglutinin
titer. 1In rabbits which received sorbed antigen injections,
the concentration of complement fixing antibodies reached
the highest level on the seventh day (titer == 1:50). On
the tenth day the titer of these antibodies was significaatly
lower (1:15). On subsequent days, on the thirtieth and forty-
£1fth days, the complement fixing antibodies were found in
the blood serum in the same titer as on the seventh day
after immunization (1:50). The concentraticn of activated
reticuloendothelium in the tissues of rabbits, immunized
with nonsorbed polyvaccine, increases bv the second day after
immunization, c¢emains the same up to the seventh day and by

the tenth day decreases and reaches a norm by the forty-fifth
day (Figure 12).
In rabbits vaccinated with sorbed anctigens, the con-

" centraticn of the activated reticuloendothelium curve began
| to increase after one day. After an insignificant decrease
on the seventh day, by the tenth day this curve again reached
the previous level where it remained up to the thirtieth day.
On the forty-fifth day after the immunization, it decreased
somewhat, but still remained at a much higher level than
after the injection of nonsorbed antigens.

The curve for the concentration of immature plasmatic
cells in rabbits, vaccinated with nonsorbed antigens, in-
creased on the second through seventh day after the injection,
then began to decrease, and on the forty-fifth day, reached
a lower level than in the ~ontrol animals, which were not
inoculated.

The general level of the same curve ror rabbits immunized
with sorbed antigen was higher than for animals which were
injected with nonsorbed vaccine. The natural increase of this
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curve was also observed on the seventh day but it was not
decreasing on th: tenth day. On the thirtieth and the forty-
i ’ fifth days, this curve remained at the same lower level. It
: was the same level, however as in the rabbits injected with
nonsorbed antigens during their period of maximum increase
(i.e., the seventh day). _

The curve of indices of the coricentration of mature
plasmatic cells in rabbits immunized with nonsorbed vaccine ;
increased by the tenth day after their injection, remained !
at that level through the thirtieth day after which it de-
creased to the normal level on the forty-fifth day.

After the injection of sorbed polyvaccine this curve
increased after the second day to a level significantly
higher than in rabbits inoculated with nonsorbed antigen,
and only on the forty-fifth day it decreased somewhat to a

level which is maxirmum for resbbits immunized with polyvaccine
without sorbents.
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The curve for the coucentration of ribonucleic acid
after the injection of polyvaccine without sorbents increased
after one day, remained at this level thruugh the seventh

day, and by the tenth day it began to decrease a level in non-
immunized control animals. '

LY
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As a result of the injection of sorbed polyvaccine the
ribonucleic acid concentration curve, began to increase fron
the first day to the tenth day after immunization. The general
level of this curve was higher in comparison with the corres-~
ponding curve for the injection of nonsorbed polyvaccine, f
By the thirtieth day, the level of the curves for the con-
centration of ribonucleic acid decreased to the highest.
level of its concentration in rabbits inoculated with non-
sorbed vaccine, and remained there until the end of the experi-
ment (to the forty-fifth day).

Thus, ln comparing the cited indices in rabbits, immunized
with riative and sordbed polyvaccine, it is apparent that in
animals immunized with sorbed polyvaccine the concentration
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curves for ribonucleic acid, activated reticuloendothelium,
immature and mature plasmatic cells remain at a higher level
until the end of the experiment than in the rabbits inoculated
with nonsorbed antigen. The concentration of ribonucleic

acid and immature plasmatic cells from the thirtieth through

_ the forty-fifth days stabilized in the rabbits .at the same
elevated level. The amount of the activated reticuloendothelium
in the course of the thirty days after the immunization
remained almost identical. '

The curves for the concentration of antibodies in the
blood serum of rabbits immunized wich sorbed antigen in the
latter days were observed on the thirtieth through the forty-
fifth days after immunization anf found at a higher level than
the corresponding curves for the injection of nonsorbed vaccine.

In comparing the curves for the concentration of antibodies
in the blood serum, indices of morphological shifts and the
presence of ribonucleic acid in the organ tissues of rabbits,
ounie may note that the antibody, ribonucleic acid and immature
plasmatic cell concentration curves are dissimilar in their
dynamics.,

Due to the rapid assimilation of the nonsorbed antigen
the activation process of the reticuloendothelial cells of
the system is characterized by a short duration after injection.

After the injecticn of antigens with substances which
serve as the depot in the organism, the activation processes
of the reticuloendcthelial cells, enriched in ribonucleic
acid, the development of their derivative (plasmatic cells)
and splitting of cytoplasm particles from the bodies of these
cells, enriched in ribonucleic .acid occurred over a long -
period of time. One may assume that the cause of this
phenomenon is prolonged delivery of fractional doses of antigen

into general circulation from the depct in the place of the
injection.
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Conclusions

1. After the immunization of rabbits with polyvaccine,
the following was observed in the tissues of their organs:

a) proliferation of reticuloendothelial cells of the
internal organs;

b) increase of the number of cells of activated reticulo-
endothelium and plasmatic cells (both mature and immature);

c) increase of the concentration of ribonucleic acid
in the tissues.

2. In comparing the results of histological and histo-
chemical investigations of the organ tissues of rabbits after
the injection of native and calcium phosphate sorbed vaccine,
it was found that in the rabbits injected with sorbed vaccine
the indicated changes were more pronounced and persisted over
longer periods of time tnan in rabbits'which were injected
with nonsorbed polyvaccine. ‘

3. The maximum antuibody and agglutinin titers in the
complement fixation reaction, determined for blood serum of
rabbits injected with sorbed polyvaccine without sorbents.
However, after the injection of the sorbed polyvaccine,
antibcdies were found in the blood serum in the course of a
significantly longer period of time.

4. One may assume that the cause of the indicated
differences in the action of sorbed and nonsorbed antigens
is the prolonged stimulation of the protective mechanisms
of the organism as a result of retarded arrival of antigen

from the depol, formed at the site of the injection of the
sorbed vaccine.
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LOCALIZATION OF WHOOPING COUGH ANTIGEN AND
ANTIBODIES IN THE ANIMAL ORGANISMS

by

R.E.Zelikova, Laboratory of Immunology
(Professor S.I.Ginzburg=Khalinina
in charge)

In spite of the significance which the investigators
ascribed to the antigen as a factor which aids in the for-
mation of insusceptibility, the literature data on the problem
of localization of antigens, introduced artificially into
the organism, are still insufficilent.

Specifically, in the available literature, there are
no corresponding data on the localization and the duration
of the existence of whooping cough antigen in the organism.
This data, however, is very significant for the determination
of the nature of immunity for this illness.

According to the data of the majority of investigators
(Palant, Borde-zZhangu, Voyno-Yasenetskiy, Ioffe and others),
in the case of experimentally induced whcoping cough infection
the principal lesion is - local in character. After the death
of the animal the whooping cough microbes are found in the
trachea and bronchi. It should be noted that microbes are
found -deep in the mucous membranes. On very rare occasions
one finds whooping cough microbes in cther organs.

Mice were experimentally infected by Ioffe and co-workers
with whoovwing cough,by aspirating microbes under a bell jar.
The whooping cough bacilli were ejected from the lurgs of
the mice on the sixth day after infection. The maximum number
of bacteria were discovered by the twentieth day, and sub-
sequently, their coricentration in the lungs was decreasing
significantly. The concentration of the antigen in the
blood serum was determined by the complement fixation reaction
at low temperature, and was fourd to be at a maximum by the
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fourth day after the infection, after which it began to
decrease and by the twentieth day the antigen was not
detected in the blood serum. At the same time the curve

for the concentration of the complement fixing antibodies in
the blood serum increased significantly by the twentieth day.

In the experiments of Boyno-Yasenetskiy and Khay after
intranasal injection of 100 million whooping cough bacteria
into mice, an accumulation of leukocytes around the bronchi
was detected after three to four hours. It was noted that
the pathological processes were developing in the lung tissue
itself.

During the 96 day investigations of experimental whocping
cough infection in mice, Orlov, Malysheva and Dvizhkov observed
the dynamics of the development of the process and established
the following pathological characteristics.

Eight to ten days after intranasal introduction of the
emulsicn of the live whooping cough culture (250 thousand
" microbes in each nostril) hypermia and pulmonary endema
developed. |

By the eleventh through the twenty-fifth days, micro-
scopic changes in the iungs were observed -- pulmonary endema
and small indurations. By the end of the observations, the
infectious process terminated.

During the investigation of the ef: ~tiveness of intra-
nasal and subcutaneous immunization of mice with a suspension
of whooping cough microbes, Marchenko observed localized
pneumonia with multiplication of the baczteria on the surface
of the gpithelium of the bronchi. This led to the belief
that the respitory tract and lungs must have a significant
effect in the mechanism of the formation of antiwhooping cough
immunity.

In the investigations conducted earlier on ancther model
in the study of the distribution of typhus abdominalis and
dysentery antigens and antibodies in the animal organism,
some relationship was established between the localization
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of microbes during the infectious process (Ginzburg-Khalinina
and Vakarina).

It was of interest to study the localization of antigens
of the infection stimulants in the organism with the use of
another method of transmission, namely the drip method, in
order to establish a relationship between the localization
of the artificially introduced antigen, and the causal
organisms during the infectious process.

It was of interest to determine the loncalization of
antigens of the whooping cough micrctes and antibodies in
the organs of animals after the use of the intranasal method
for the injection of the vaccine. This method closely
resembles the natural method by which people contact infection.
For this purpose the whooping cough vaccine, forty billion
microbes two ml in vdume was introduced into the nose of the
rabbit (one ml in each nostril) by means of a Pasteur pipette.
During this operation the rabbits were lightly anesthetized
with ether. Subsequently, the ratbits were killed and
exsanguinated on the same days after the injection of the
vaccine as after the subcutaneous introduction. Their organs
were investigated bty the above-described method. Figure 3
shows the results of these investigations. ©Cn the basis of
the presented data it is apparent that just as in the case
of subcutan=ous injection of the vaccine antigen first of all
(on the first day) it is found in the lungs and kidneys, then
in =lightly lower amounts in the bronchial nodes, spleen and
small intestines. On the twentieth day its titer dccreased.
In the liver and groin lymphatic nodes as well as in the
blood serum the antigen was absent or was found in very small
amounts. The data on the concentration of antibodies in the
organs and the blood serum of these rabbits are shown in
Figure 4,

The experiments were conducted with chinchilla rabbits
welghing from 1,5 to 2 kg, which were injected subcutaneocusly
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with seven billion microbes of whooping cough vaccine. The

animals were killed after different periods of time subsequent
to the injection of the vaccine (1, 2, £, 10, 20, and 30 days).
From the organs of the dissected animals (lungs, kidneys,
spleen, small intestines, liver, bronchi, and groin lymphatic
nodes) physiological solution suspensions were prepared in

a 1:5 ratio. For the extraction the suspension of organs was
kept for three days at 4 to 6°C in a refrigerator.

The concentration of antigen was determined by means of
the quantitative complement fixation reaction at low temper-
ature using antiwhooping cough serum of high titer. The anti-.
gen represents the greatest dilution of the extract with
respect to the unit weight of the organ, which produced a
positive reaction in the fixirg of the complement with anti-
whooping cough serum, taken in a 1:20 dilution for the experi-
ment. ‘

Figure 1 shows the results of the investigations of the
concentration of antigen in the organisms of animals on
different days after the injection of whooping cough vaccine.
As it can be seen, the antigen was found in the greatest
amount (titer 1:80) in the lungs after twenty-four to forty-
eight hours, It was found in a lower titer (1:50), in the
kidneys, in the bronchial nodes (1:20) and in the small
intestinal walls f1:40)., On the tenth day, the antigen titer
in the organs decreased significantly and only in the lungs
and bronchial lymphatic nodes was it fiound in small amounts
(titer 1:20) on the twentieth to the thirtieth day.

Antibodies were also determined in the quantitative
" the complement fixing reaction (at low temperature) with
whooping cough antigen. The data on the concentration of
antibodies in the blood serum and in the organs of animals
are shown in Figure 2.

As it can be seen from the figure, the maximum antibody
titer was found in the blood serum, lungs and bronchiai
nodes of rabbits beginning with the fifth day after the
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injection of the antigen.

In the blood serum, the high titer (ligo) remained through
the thirtieth day (termination of observations) and in the
lungs also through the thirtieth (titer 1:40). 1In the
‘bronchial nodes the increase of the antibody titer was
observed on the fifth and the twentieth days (titer 1:50 and
1:60), after which the titer again decreased.

In the remaining organs (small intestine, liver, spleen
and groin lymphatic nodes) the antibody titer was insignificant.

After the intranasal injection, just as in the case of
subcutaneous injection, antibodies were found in the lungs,
kidneys, and spleen. However, they appear there somewhat
later than after the subcutaneous injection of the vaccine
and in smaller amounts (titer 1:20 to 1:30).

Antibodies were not found in the other organs (in the
kidney and groin lymphatic nodes). In the tlood serum anti-
bodies were found on the fifth through the twentieth days
after the immunization in a titer equal to 1:60.

In compéring the results of the subcutaneous and intra-
nasal injection of whooping cough vaccine one should note
that antibodies are localized in the same organs, in both
methods of iniection. However, after the intranasal injection
of the vaccine, their titers are lower.

Thus, using any method for the injection of whooping
cough vaccine, the antigen is found primarily in the lungs,
bronchial nodes and kidneys, but the formation of antibodies
occur more intensly in the case of subcutaneous vaccination.

Conclusions

l. After subcutaneous injection of whooping cough vaccine
into rabbits, the antigen is localized primarily in the
lungs and bronchial nodes, i.e., in the tissues of those
érqans where multiplication of microbes .or this particuiar
infection takes place (lungs, “ronchial nodes) or in those
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organs from which the antigen is excreated (kidneys).
2. Antibodies, produced in the reaction to the injected
whooping cough antigen, are found primarily in the blood serum

and in organs containing the antigen (lungs, bronchial lymphatic
nodes). '

. " 3, The results of intranasal immunization against
whooping cough, using sufficiently large doses of the vaccine
éntigen, show that the distribution is approximately the saue
as for subcutaneous vaccination, but the ability to produce
antibodies in the former case is less intense.
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Figure 1. Concentration of antigen in organs after
subcutaneous injection of whooping cough

vaccine,
Key: a- lungsj
b~ kidneys;
c= 1liver;
d- -~rall intestine;
e- bronchial gland;
f- spleen;
g- days;
h= titer.
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Figure 2. Complement fixing antibodies found in organs
after subcutaneous injection of whooping
cough vaccine.
Key: a~ lungs;
b= kidneys;
c= liver:
d- small intestine;
e~ Dbronchial glanas;
f- spleen;
g- serum;
‘h= days.
=99~ v

e .




I Wror ke s et e n S g

F$% | . emememne founy D

50 ' T oo m— - ”pv‘l”o [od 1
1 e-eeeesTKUWKO 4

501 bponix e ~ - | |

1 = e (ON030NKD £ -

L 301 C
[ 20 |
15 5

Ao2xne  a

Key: a-

C=-
d-
a=-
f=
g-

e ol S b o 3 O i R

1 whooping cough vaccine.

41709 '

!

Figure 3. Antigen titer after intranasal injection of }
lungcs :

b= kidney; !

. -
. . e
B e s kot 5= o —— S LT, & 1 | WA ok SO WY ST e - = .

liver;

small intestine;
bronchial glands;
spleen;

days.

~100=-




il

"1204'
160 A
o v
. 90 /,/
i o cm— o——*
AR r
Y70 //
- 4 . .
§60+ : fecroe a
jaj -—-—/704//(0 b
S Y AU F'wuumg €
404 / bpomi kg
”: - = JESI0IOHKC @
- // — e CorBOPOMKG
fgi / e
10 1 Py "::;‘"‘"" ———
RO T
m 2 5 0 20
Lnu g
Figure 4. Complement fixing antibodies after intranasal
injection of whooping cough vaccine.
Key: a= lungs;

b=~ kidneys;

¢~ “small intestine;
d= bronchial gland;
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g- days .
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LOCALIZATION AND THE DURATION OF THLE PRESENCE OF
ANTIBODIES IN THE ANIMAL ORGANISM AFTER THE
INJECTION OF WHOOPING COUGH
GAMMA GLOBWLIN

by

R.E.Zelikova, Laboratory of Immunology
.. (Professor S.I.Ginzburg-Khalinina
in charge)

While the role of antibodies in the mechanism of active
development of immunity is thus far not totally clear, in
the case of passive immunity antibodies play a main and
deciding role.

The effectiveness o€ the injection of antiserum depends
to a significant extent on the conditions which infure close
and prolonged contact . the antibodies with the causal
organisms of the corresponding illness in the organism.
Therefore, the localication and the duration of the existence
of antibodies in the organ tissues and blood serum of animals
after the injection of antiserum is of great significance.

At present it has been established that antibodies are
modifi=d globulins of serum. Therefore, the fate of the
antitodies depends to a yreat extent on the distribution of
the globulin of the introduced antiserum in the organism nf
the animal.,

The investigations of Ginzburg-Khalinina and Shereshevsk=-
aya have shown that after the subcutaneous injection of equine
serum into rabhbits the ejuine serum protein can be found in
the blood serum of animais starting within the first few
hours after the injection and until twelve or fourteen days
after the injection, while in the organ tissues (lungs, spleen,
kidneys, lymphatic nndes, and also at the place of the in-
jection) it is retained through the twentieth dey and bayond.

Koons, Leduke and Connoly after intravenous injection
of fcreign aibumen into mice (chicken egg alhumen, bovine
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plasma and human gamma globulin, labeled with fluorestsin)
during microscopic examinations discovered that these proteins

e i

are found in the reticuloendothelial cells of the spleen,
lymphatic nodes and also in the epithelium of the kidney
tubules. The duration of the time cover which foreign proteins
were discovered in the organs of animals, according to the
datea of these authors were different: eyg albumen == 1 day}
bovine plasma =-- 2 days, human gamma globulin -- 8 days cr
more, and it also depended on the amount of the introduced
albumen.

Because of the wide use of gamma globulin in the medical
practice for both prevention and treatment of a number of
infectious diseases, it was of interest to study the lccali~-
zation and the duration of the existence of globulin fractions
of the immune serum in the organisms of animals, and also of
the specific antibodies which were introduced with this serum.

The éxperiments were conducted with rabbits and §uinea
pigs. The rabbits, weighing 1.8 to 2 kg, were ihjected
subcutaneously with 5 ml of gamma globulin of bovine, anti
whooping cough serum, after which, on different days (in the
course of twenty-five to thirdy days) the distribution of
gamma globulin end whcoping cough antibodies were investigated
ir the organ tissues and the blood serum of the animal. The
determination of the concentration of bovine gamma globulin
in the organ tissues and the blood serum of rabbits was
conducted by mean: of the quantitative complement fixation
reaction at low tempers' ires with rabbit blood serum, multiply
immunized with bovine gamma globulin (titer 1:640). The
deteriiination of the whooping cough antibedies in thz blood
serum and organs of animals was cohducted by the complement
fixation reaction with whooping cough vaccine (Table 1.)

Bovine blood gamma globulin was found in significant
amounts irn the tissues of a number of organé of the animal ==
lungs, kidneys, spleen, liver, lymphatic nodes and the walls
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of the small intestines. 1In the blood serum it was found in
a significantaly smaller amount. The injected gamma globulin
was preserved in the organ tissues in the course ¢cf a pro-
longed period of time. Even on the twentieth day it was
possible to detect it in the lungs, kidneys, spleen and other

organs, It wae not detected in the blood serum during this
period of time.

Table 1.

Protein antigens of organ tissues and blood serum of
rabbits after a single subcutaneous injection of bovine
whooping cough, gamma globul.n. |

i Tarp Geaxovoro auturena
i Actib nocae BBeICHIR TIMNa-raoGyriHa
a Opran n

R 2-ii 5.ii 107 i 20-4i

1 .
b Jerkue S0 80 S0 80 10
C INouxx : 80 S0 $0 .80 40
d Ceacaecixa 60 80 60 60 20
@ Bpouxuaabiwe Annda-
_ THNCCKHE ysaul 50 S0 c0 $0 20
£ Nevens 60 50 $ $0 20
g Tonkas Kiwka 40 40 40 40 20
h Cusoporxa 10 10 0 10 0

Key: a- Organ; b= 1lungs; c¢=- kidneys; d- spleen;
e- bronchial lymphatic nodes; f- 1liver;
g~ small intestirne; h- blood serum; i- protein
antigen titer; J- days after the injection of
gamma giobulin.

The specific antibodies, passively injected with whooping
couyh gamma globulin, were also detected in thce tissues of
the same orgams where the gamma globulin was detected.
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Table 2.

Specific antibodies in the organ tissues and blood serum

of rabbits after a single subcutaneous injection of bovine
whooping cough gamma globulin.

T i anp“;nm"ea '
4 ACKb NOCAE BBEACHHA TaMya-raoCyaHits
a Oprasu
1-4 2-f 5-it 10-it 20
] " DJlerkue 10 10 20 20 10
r 3 ¢ Moukt 10 10 10 10 10
| dCenescixa 10 20 10 20 0
| € Bpouxnaasitic AuMda- . ’

l TI‘I)'IQCKHG yaaul 10 20 10 20 10
i £ Mevens 10 10 10 20 0
o Toikan KnwKa 10 10 10 0 0
h Cunoporka xposu 20 20 10 10 0

”

Key: a=- organs; b~ 1lungs; ¢~ kidneys; d=- spleen;
e~ bronchial lymphatic nodes; £~ 1liver; g=- small
intestine; h- Dblood serum; i=- antibody titer;
j= days after the injection of gamma globulin.

The duration of time over which whooping cough antibodies
were preserved in the organs tissues reached fifteen to twenty
days, but on the twentieth day in the lungs, ronchial lymphatic

nodes and kidneys antibcdies were found in irsignificant titers.

It should be notes, however, that the titer of the

i

injected passive antibody both in the organ tissues as well

as in the blood serum was not high. This is explained by the

relatively low specific antibody titer (1:80) of the whooping
cough gamma globulin which was used in the experiments.

In the case of double increased dose, intravenous ine-
jection witrh a brief interval (forty=-eight hours) between the
two injections, the blooc serum contains this gamma globulin

* -105-




in a significantly larger amountc, than in the case of a single
i* subcutaneous injection (Figure 1).

» The bovine gamma globulin was found in the blood serum :
of rabbits in high titers beginning with the first through ]
the twentieth day after the injection, and only on the twenty-
fifth day was it beyond detection, ' ‘

In the case of a given method of the injection of gamma
globulin the whooping cough antibodies were found in low
titers, just as after a single injection of gamma globulin
in small doses. The duration of the detectability of the
whooping cough antibodies in the blood serums was fifteen days.

| Subsequently, taking into account the low whooping cough

antibody titer of bovine gamma globulin, we obtained a

globulin from the rabbit antiwhooping ccugh serum, characterized
by a high whooping cough antibody titer (1:320).

After a subcutaneous injection 5 ml of the indicated
globulin to guinea pigs, the specific whooping cough antibodies
‘were found in the blood serum of the animals in a sufficiently
high titer (Figure 2).

The duration of the existence of antibodies in the blood

serum of animals reached fifteen days, and on the twentieth
day they were nct detected. '

It should ne noted that during the injection of only
4 ml of globulin with specific antibody titer, given to
guinea pigs,was equal to 1:320 the antibody titer in the
- blood serum of the animal reached 1:110, and for some in-
E dividual animals it was as high as 1:160.
é | If one takes into account the total amount of blood in
a guinea pig and the amount of the injected globulin, it be=-
comes apparent that this titer is incomparably high.

A similar noncorrespondence between the amount of the
injected antibodies and the antibody titer discovered in
the blood serum of animals was also noted by Takey (1955).

He even observed the phenomenon of the increase of antibody
titer in the serum of recipients in comparison with the
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titer of the injected antibodies. It should be noted that
this author assumed that the antibody titer in the blood
serum of animals is proportional not to the absolute amount
of the introduced molecules, but to the number of molecules
combined into groups. The number of the latter depends on
the conditions of the distribution of antibodies in the
organism. During the injection of rabbit antityphoid serum
globulin into guinea pigs similar results were obtained.

Thus, whooping cough antibodies, passively injected with
gamma globulin, are localized in the organ ticsues and the
blood serum of animals within the first few hours after their
injection and may be found there until the fifteenth day.

At the same time along with the antibodies the organ
tissues and the blood serum retain the protein component of
the immune serum in the form of gamma globulin or globulin.

The duration of the existence of the specific antibodies
and the investigated globulin in the organs and blood serum
are similar. This indicates the relationship between the
antibodies and globulin fractions of the serum. However,
the data and their identity are still insufficient, since
the protein component is discovered in the organ tissues
over a much longer period of time than the specific antibody.

=-107-

ro e s e

EPURETTA




rar

& e

DS 11OV Wt b
— Ltadbie Bnrnuitn

- AGSHIOUININ NG d
R
[}
3
a,
g
w
3
[ ?
a
]
\
’ L \' \
’ ¢ ;‘ o g 7 5
' dru

Figure 1. Specific whooping cough antibodies and protein
antigen after intravenous injection of whooping
cough bovine gamma globulin in the blood serum

or

Key: a-

rabbits.

titer;

designations;

protein antigen: _
whooping cough antibodies;
days.
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EXPERIMENTAL EVALUATION OF THE EFFECT OF THE
NUMBER OF INJECTIONS OF POLYVACCINE AND
VI-ANTIGEN OrF ESCHERICHIA COLI ON THE
DEVELOPMENT OF IMMUNOLOGICAL INDICES

by

A.I.Gorokhovnikova, Department of Microbiology
(Professor V.A.Krestovnikova in charge)

In the previous work it was shown that there is no
positive effect of Vi-antigen of E. coli microbes on the
intensification of the immunological reaction with respect
to typhus abdominalis infection both in the experiments on
the development of agglutinins, as well as in the development
of the preventative properties in the serums of the singly in-
noculated rabbits with calcium phosphate deposited poly-
vaccine 2.

The doubling of Flexner's dysentery microbe ant.gen dnse
caused an increase of the level of the develcpment of agglut-
inins to the corresponding microbes. The increase of the
dysenteryAantigen had no effect on the develovment of the
preventative properties.

The introduction of purified and concentrated tetanus
antitoxin iﬁto polyvaccine had a significant effect on the
development of higher tetanus antitoxic immunity.

In regard to the effect of a number of injections of
polyvaccine, deposited with calcium phosphate, it was found
that in the case of one and two month intervals after the
second injection the increase of the antibody level and the
period of its " oJwering did not differ from that observed
after a single immunization.

The increase of the interval to six months produced
better results in the development of preventative properﬁies
in the serum with respect to typhus abdominalis infection in

animals, innoculated with polyvaccine, not containing Vi-antigen

of E. coli, The same was noted with respect to the develop-
ment of antitetanus igmunity.
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The data of these investigations did not resolve comp-

letely. The question of the significance of Vi-antigen of
E. coli in the development of typhus abdcminalis immunity}
These data differed from the daca on the effectiveness of
cross immunization with Vi-antigen of typhus abdominalis _ é
microbes of E. coli (strain 539¢/38) (Zamukhovskaya), which :
necessitated continuance of this work, but using aluminum . ‘
hydroxide as the sorbent. It is a better sorbing substance
for the purified tetanus antitoxin than calcium phosphate.
In view of the posed problems we investigated two types

g G e R S

of polyvaccine. One of the vaccines was polyvaccine 1,
containing a double dose of the typhus abdominalis antigen.
The second polyvaccine, number 2, containing a single dose
of the same typhus abdominalis antigen and the dose of Vi~
antigen of E. coli.

The Flexner's dysentery antigen type ¢ in both vaccines

was doubled similarily as it was done in polyvaccine 2 in

the 1956 investigations. The tetanus antitoxin, purified and
concentrated according to the Starcheus method, in both
preparations contained 100 EC/ml. The sorbent was aluminum
hydroxide.

The dynamics of the immunological reaction were in-
vestigated on eight groups of rabbits =-- four groups for
each polyvaccine, These experiments were grouped according
to the intervals between injections.

The investigations were concerned with the dynamice of
the developnent of Vi- and O-agglutinins and also in the
preventative properties with respect to small doses of
microbe cultures of typhus ahdominalis and Flexner's type
c dysentery. In addition, the cetanus antitoxin titer was
determined in thes~ se:ums. These investigations were

* conducted with a mixture of serums of the corresppdding
: experiments,
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The data cn the dynamics of the developrment of O-
agglutinins to the *yphus abdominelis microbe during the
immunization with its polyvaccine, containing Vi-antigen of
E. coli strain 5396/32, in addition to the typhus antigen,
both after a single as well as af:er a double immunization
with three weeks, two months, and six month intervals between

inoculations did not differ from the data obtained in the
immunization with polyvaccine coritaining no E. coli Vi-antigen.
In the case of revaccination following a ten month interval

of animals singly inoculated with polyvaccine without this
antigen the develcpment of agglutinins occurred at a higher
level.

" In the case of immunizatior with polyvaccines containing
the same antigens in the same amount deposited or not deposited
with cclcium phosphate, agglutinins to Flexner's type c dysentery
microbe, were found at identical high levels (Figure 1).

The preventative properties of the serums were inves=-

~ tigated with respect to the protection of white mice against

a lethal dose of Vi-culture of typhus abdominalis (strain
4445) and Flexner's dysentery culture (strain 170), emulsified
in 0.4% agar gel. Tne serums were injected in 0.2 ml doses
subcutaneously, while che cultures were introduced intra-

'peritoneally 22 to 24 hours after the injection of the serum.

Each experiment for testing the serum was conducted on twenty
mice, A same number of mice not injected, were used as a
control. Prior to immunization, the serums of rabbits
protected two cut of thirty nice against a lethal dose of
typhus abdominalis culture and three out of thirty mice
against Flexner's dysentery culture.

- After a single and alsc after a double dinocul.tien
(with a two month interval between the innoculations) wiih
polyvaccine, no* containing E. coli antigen, the development
of the preventative properties with respect to typhus
abdominalis culture tock place sfter two weeks, further increase
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of these properties ccntinued durinq the course of four
months, and in one experiment, even six months after a
single immunization, preventative properties of the serum
were at a high level. The development of these properties
during the 4inoculation of polyvaccine with E., coli antigen
occurred at a lower level. The same characteristics were
noted also after revaccination both after six as well as
after ten months, I. the case of a ten month interval
beiween re ~inoculation, better effectiveness was observed,
tor the polyvaccine without E. coli antigen.

Only in the case of double inoculations with a short
time interval between the inoculatiohs (three weeks) there
was no difference between the investigated polyvaccines.

As far as the development of the preventative properties

with respect to Flexner's dysentery culture is concerned,
their development proceeded at a sufficiently high level and
did not differ significantly, as witnessed by the fact that
the concentration of antigen of this type was identical in
both polyvaccines.

The conducted investigations in this experiment showed
not only the absence of the positive effcct of E. coli Vi-
antigen on the development of immunological reactions with
respect to the typhus abdominalis infection, but in fact
they s..owed the existence of inhibition of this develcpment
(Figure 2).

The development of antitetanus antitoxic immunity, both
after a single injection of polyvaccine, conatining Vi~
antigen of E, coli, as well as after the revaccination with

six and ten month intervals between the inoculations occurred
" at a lower level than in the case of polyvaccine without this

antigen. This was manifestec both in the level of increase
as well as, of the lowering of the antitoxin in the serums in
the course of a six month observation period.

In the case of dual inoculation with polyvaccines con=-
taining the E. coli antigen :ith a three week interval
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between the inoculations the antitoxin titer exceeded the
titer during immunization with polyvaccine not containing this
antigen by a factor of two. At the same time the lowering

of the titer after three months alsc doubled.

In the case of double inoculations with a twc month
interval, the increase of the antitoxin level in the serum
after a nonth reached identical levels for both polyvaccines
(5 AE/ml), but after three months its level reached 1 AE/ml,
ard after six months % ~AE/ml when the polyvaccine with Vi-
antigen of E. zcli was used, while in the case of polyvaccine
without this antigen the lcwering of the antitoxin titer
termirated at a level exceeding ¢« AE/ml and remained there
througnnut the six month obsarvation period (Figure 3).

Thus, the introduction of Vi-anti_'n of E. «oli into
the vaccire has a hindering effect on the development of
antitetarus antitoxic immurity, apparently resulting from
the toxic effect of this antigen which increases the re-
actogenic properties of the preparation.

Conclusions

1. The results of the conducted investigation verify
the conclusions made in previous communications not only
regardin he absence of th= favorable effect of E, co.x
antigen, but also on the inhibition of the developmen* of
immunclogical reactions to typhus abdominalis, by this
antigen, |

2. The uv.e of double immuniczation with a short time
interval does not increace the development of the immunc-
logical reaction to typhus abdominalis, not to dysentzry
infection. '

3. Revaccination with lcng time intervais between
each vaccination (up to ten months) increases the level of
both agglutinins as well as of the preveicative proverties
of the serxrums.
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4, High development of antitetanus immunity was noted
during the immunization with polyvaccine, sorbed on aluminum
hydroxide, containing purified tetanus anatoxin.

5. The double immunization with a two month interval

- between each immunization and particularly the revaccinaticn

after longer intervals of time (up to ten months) leads to
a high development of the antitetanus immunity. Vi-antigen
of E. coli also inhibits the develcoment of antitetanus
immunity.
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Figure 3. The development of antitetanus immunity.

Key: a= weeks;
b~ months;

¢= revaccination;
d- polyvaccine No. 1 and No. 2.
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STUDY OF THE COMPLETE ANTIGLN OF THE INTESTINAL
GROUP OF MICROBES BY THE DIFFERENT
LABORATORY METHODS

by

V.I.Zhurbina and N.V.Izmaylova, Department of
Microbiology (Professor V.A.Krestovnikova
in charge)

In controlling intestinal infections, a large effort is
directed towards the specific prevention which is realized
through different vaccine preparations, including NIISI
(Scientific Research Institute of Sanitary Engineering)
polyvaccine.

In spite of the fact that there exist a number of methods
for the determination of the quality of the vaccine for
intestinal infections, the gemerally accepted method for test-
ing of the active immunity is vaccination of mice followed
by the injection of a lethal dose of the corresponding
live culture.

Attempts are bein: made for quantitative determination
of the immunogenic properties of intestinal vaccines and
their standardization. Griffits (1944) proposed the
immunization of mice by a single constant dose of the vaccine,
and testing of the immunity with three differert doszs of
live culture. Luippol'd (1954) proposed a meth.od of double
immunization of mice with different doses of raccine varying
by a factor of ten, with subsequent testing of the immunity
by infecting the mice with 100 to 1000 Dlm in mucin. Troitskiy
and Kovaleva (1947), Gekker and Zhgutova (1947), Gekker and
Yakovléva (1949) worked on methods for “he deteriination of
the quality of typhus abdominalis and dysentery vaccine oy
decermining the index of the effectiveness & 1 the minimum
immunization dose. Shvartsman and Sidorova (195%5), and
Lesnyak (1952) propose a method for the quantitative
evaluation of typhus abdominalis and dysentery vaccine by
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determining the minimum immunizeation dnse. Grabaret (1955)
evaluates the quality »f typhus abdominalis wvaccine by
determining the preventative strength of rabbit serums on
chick embryos immunized with the investigated vaccine.
Grasset (1956) argues that the method for the determination
of the quality of the vaccine from the results’of the

“active protection of immunized mice is not as accurate as

the method of determining their quality from the strength

of the preventative properties of the serums. Olitskiy

(1960) proposed the use of a sublethal infectious doses

and the determination of the quality of microbes in the organs
of immunized mice as a method for determining +ne strength

of the vaccine, Greichter (1960) considered that the
protective strength of rabbit ser' s, immunized with the
investigated preparation, may serve as a sufficiently ob-
jective criterion for the evaluation of the quality of the
preparation.

In this work we present the data on the study of com=
plete antigehs of the intestinal group of microbes, which are
included in the polyvaccine, by different laboratory methods
in vitro in vivo. |

The serological properties of the complete antigen
were studied in precipitation reactions, complersnt fixation
reactions and adsorption of agglutinins. T.e immunogenic
and antigenic properties of the antigens were determined
in the immunization experiments on mice and the determination
of the presence of agglutinins and preventative properties
in serums of the immunized rabbits (Table 1). '

It is apparent from the presented data that the highest
and similar type of indices wefe obtained in all of the
secrological reactions for typhus abdominalis and Zonane
dysentery complete antigens. The lowest indices were
obtained for paratyphoid A. [he indices for Flexner's type
¢ dysentery and paratyphoid B complete antigens were less
uniform, but average or high in magnitude.
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Complete antigens of the intestinal gréup of microbes
in serological reactions,
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Key: a=-

c-
d=-
e-

g=-
h=-

j-
k=

type of antigen;

typhus abdominalis:

paratyphoid Aj;

patatyphoid B;

Flexner's type c dysentery;

Zonne dysentery;

total;

total antigens;

titer in percipitation reaciions;

titer in complement fixation reactions;
reaction of the adsorption of agglutinins.
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The presented data indicates the coincideace of the
indices of the activity of whole antigens in the precipitation
reaction and complement fixation reaction as well as certain
discrepancies between the values of indices of these re-
actions with the indices of agglutinin adsorption reactions.

A significant number of identical results were obtained
in the study of complete antigens in the‘precipitation
reaction and the complement fixaticn reaction. This was
expected, in the light of our concept of the uniqueness of
antibodies, the view of which the majority of investigators
adhere at present.

In regard to the agglutinin adsorption reaction, it
is based on the Castellani principle. Apparantly this
reaction reflects some other unknown properties of complete
antigens.

The study of typhus abdominalis complete antigen in the
precipitation reactions with three Vi-serums has shown the
presence of Vi-antigens in them in titers equal to 1:16000
to 1:64000,

Thus, the study of the 51 industrial production series
of whole antigens of the intestinal group of microbes,
which are used in polyvaccine, have shown that they all,
are active antigens in serological reactions with the
exception of paratyphoid A. Moreover, typhus abdominalis
antigens contained Vi-antigens.

Subsequently, comparisons of the immunogenic properties
of the complete antigens with their serological activity were
conducted. The determination of the immunogenic properties
of whole antigens was conducted in the Laborat.ry of
Polyvaccines of the Institute in the experiments on mice with
1 to 2 Dcl of the corresponding bacteria in 0.4 % agar.

Table 2 shows the summary data of the relationship of
the precipitating prope-ties and the ability of whole antigens
to adsorb aggiutinins with their immunological properties.

=121~

e £ s NS ek e, i ettt 55




Table 2,

The relationship oetween serological and immunogenic
properties of whole antigens.
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Key: a- Number of antigens;

b= in the precipitation adscrption reaction 54;
c- 1in the agglucinin adsorption reaction 56;
J= survival of mice (in %);

¢- total antigen;

£= titer.

It is apparent from the presented data that in the
group of antigens of high precipitating activity (1:128000
to 1:512000) there is almost a total coincidence of the
precipitation index with imnunogenic activity.

Thus, in a group of antigens with both high and weak
precipitating activity there was a more significant coincidence
of this inijex with immunogenic activity as compared with
antigens of the averag~ precipitating acitvity.

The significant corncidence of indices of the precipita=-
ting and specifically adscrbing agglutinin properties of
whole antigens with their immunological properties indicate
the ability of whole antigens to enter in serological
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reactions, which in the absence of haptenes characterize

i

their antigen prcperties, and may serve as some criterion
of their quality.

o T

Thus, in the investigation of a large number of indus-
trial whole antigens in three serological reactions the
high serological activity of the antigen for all representatives
of the intestinal group which are used in polyvaccine, with
the exception of paratyphoid A was found. It should be
noted that a technically very simple method ¢I the ad-
sorption of agglutinins produced the results which are in
the best agreement with the data of the study of the whole
antigen properties,

The Castellani reaction serves as the foundation for
the agglutinin adsorption reaction. The index of the quality
of whole antigens is the magnitude of their adsorption
ability. This quaﬁtity is measured by the degree of adsorp-
tion of agglutinins from the agglutinating serum by the
investigated whole antigen. The index of the adsorption ability
is the difference in the agglutinin titer of the starting
agglutinatirng serum and the adsorbed serum, It may be
expressed in percent. Generally, 1:50 dilution of the serum
is used for this reaction, while the investigated whole
antigen is used in 1:100C dilution.

Subsequently, the ability of whole antigens of different
serological activity to cause the formation of agglutinins
in rabbits immunized with these antigens was investigated,
as well as the preventative properties of serums of these
rabbits in the experiments with the passive protection of
mice,

In animal experiments, two series of typhus abdominalis,
paratyphoid B, Flexner's type c dysentery and Zonne dysentery
whole antigens, producing high and weak serological reactions
were taken., In addition, three series of polyvaccine were
taken, containing wnole antigens with different serological

-123-

e .




indices: series 3, prepared from antigens with high sero-
logical indices, series 4, consisting 2f antigens with lower
serological indices with the exception of the Zonne

dysentery component,and series 17 -~ e¢xperimental vaccine
(polyvaccine 2) containing whole antigens with high sero=-
logical indices., It should be pointed out that Vi-antigen

of E. coll strain 5396 was additionally introduced into the
iast vaccine and the amount of Flexner's type c dysentery
compenent wes doubled. The individual complete antigens were
. sorbad on calcium phosphate.

The rabbits were immunized by a single 2 ml subcutiiacous
injection of polyvaccine or by the innoculation dose of
the whole antigen in ti.e same volume, Each pclyvaccine series
of the whole antigen series was injec:ed into three rabbits.

The serum of the rabbits was studied both before. the
injection of the preparaticn as well as after 1, 2, 3, 4, 5,
and 6 months subsequent to the injection. The serum of the
majority of rabbits prior to tlie injection ccntained Flexner'c
type ¢ dysentery and typhus abdominalis C-agglutinins in
titers equal to 1:10 to 1:40,

Upon immunization of rabbits with two typnus abdcminalis
antigens of different serological activity (serices 293 a and
© 423) four months subsequent to the injecticn, the increase
in the titer of O-agglutinins was observed up to 1:160
and its lowering by the third %o fourth and sixth months
(termination of the exp - riment),

During the immunization of ranbits with three series
of polyvaccine (3, 4, and 17), containing different sero-
logically active typhus abdominalis antigens, the highest
increase of aggluvinin titer (up to 1:i8(C) was observed in
all cases later, after two ronths, just as in the case of
injection of indlvidual typhus abdominalls whole antigerns.
The agglutiain titer rapidly decressed after three, four and
six months (the kermination of cubservations:. Vi-agglutinir
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were found primarily in 1:10, 1:20 and 1:40 titers and only

very rarely in 1:80 titer. It was not possible to determine
the characteristic dependence of the high agglutinin titer

on the serological activity of typhus abdominalis complete |
antigens,

After a single injection of Flexner's type ¢ whole
dysentery antigens into rabwvits and upon the injection of
the polyvaccine the dynamics of the formation of agglutinins
was similar tc that observed during the injection of typhus
abdominalis antigen. The maximum agglutinin titers (1:160)
and the period during which they occurred were also one = two

and three months. They began to lower after four and six

months,

After rabbits were injiacted two series of dysentery
antigens (382 and 82) with identical serological indices
(precipitation reaction titer 1:64000) the curves for the .
formation of agglutinins were almost parallel.

During the immunization of rabbits with series 3 poly=-
vaccine, containing nighly serologically active dysentery
antigen 326 Flexner's type c (the titer in the precipitation
reaction was 1:256000) the agglutinin titer increased to
1:160 dilution, while upon the injection of series 4, con-
taining less serologically active antigen 126 (the titer in
the precipitation reaction was 1:32000) the maximum agglutin
titer was equal to 1:80,

Thus, the Flexner's type c dysentery whole antigens are
capable of causing the formation of agglutinins after a single
injection into rabbits. It was ncted that the size of the
agglutinin titer is somewhat dependent on the serological
activity of the antigens which were taken for the experiment,

When the rabbits wer immunized with & different series
of polyvaccine, and also with paratyphoid A and B and Zonne
dysentery antigens the agglutinins were found only in low
titers (1:10, 1:20) and sometimes they were not found at all.
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TL preventative properties of the serums were studied
prior to immunization and 1, 2, 3, 4, 5, and 6 months follow-

. ing the immunization. In these experiments the serum of each
"*group of rabbits was mixed in equal volumes. The investigated

0.25 ml specimens of serum were injected subcutaneously intc
five mice weighing 14 to 16 g and follcwing twenty-four hours

" the mice were injected intrape.itoneally with Y Dcl of the

corresronding eighteen hour live culture in 0.4 percent agar.

The observations of the mice were conducted for three.days.

The preventative properties of the serums of rabbits

immunized with three series of polvvaccines, displayed

identical dynamics of the protectlve properties with reopect

to typhus- abdominalis bacteria, Flexner's type ¢ dysentery

and Zo-ue dysentery.
The preventative properties were generally dissolved

after two and three months, and sometimes after one and

four months. In the majority of cas<s the prev=ntat1ve
propertles were absent after six months.

During the maxlmum increasec oF the preventative proper-
ties of the serum 40 to 60 percent of the passively immunized
mice were protecta2d when they were ‘infected with 1 Dcl of
the corresponding culture. A

The relationship between the serological activity of
the complete antigens and the strength of the preventative
properties of the serum were observed in the experiments
on the immunization of rabbits with typhus abdominalis.
Flexner's type ¢ dysehtery and Zonne dysentery with complete
antigens, differing with respect to their serological
indices.

During the immunization of rabbits with Zonne series
335 dysentery antigen with high serological index (in the
precipitation reaction the titer was 1:128000) their serum
protected forty percent of the mice, while the serum of
rabbits which were injected complete antigen of Zonne series
181 with extremely low serological indices (precipitation
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reaction was 1:8000) did nct prevent the death of the mice
throvghout the whole period of investigation. '

‘m> The preventative strength of the rabbits serum, immunized
with two serologically identical Fiexner's type c dysentery
antigens (series 82 and 388, producing the precipitation
reaction in identical dilutions; 1:64000) was identical.

The same relationship was ckserved during the injection -

of two typhus abdominalis comp'ete antigens of different
serological activity into rabbits (series 293a,'producing‘
the precipitation reaction in 1:512000 dilution and series
423a -- 1:16000). ﬁowever, occasionally there was a non-
correspondence between these indices. ’ |

‘Thus, with few exceptions, it is noted that there exists
a relationship betwee:. the serological indices of complete
antigens and the preventative properties of the serums of
rabbits which were immunized with these antigens.i

Consequently, the study of whole antigens of microbes

of the intestinal group, which are a part of the polyvaccine,:-

by different laboratory methods can help to some extent

in evaluating_their antigenic and immunogenic propefties.
However, the lack of a quantitative index (a unit) for the
immuncgenic activity of whole antigens cannot"satisfy the
requirements which are'placed upon the. evaluation of the
quality of the preparatioh. This necessitated further work

in this area.

_ Conclusions

1. The comparative study of whole antigens -of intestinal
group microbes in three serological reactions has shown that
the highest and similar indices were displayed by typhus
abdominalis and Zonne dysentery complete antigens, while
the lowest indices were displayed by'paratyphoid"A antigens.
Less similar yet moderately high indices were displayed by
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; Flexner's type ¢ dysentery and paratyphoid R complete : ’ i
antigens. i
2. There is a significant coincide.ce between the
'njindices‘of'ectivity of complete antigens in the precipitation
. reaction and the complement fixation reaction, while there
aygis a certain discrepancy between these 1nd1ces and the

°"Vaqg1ut1nin adsorption reaction index. A
' - Typhus -abdominalis complete antigens, produced by .
A~the total tryptic cooking of the broth culture, grown in . '

,vats with aeration contain Vi-antigen. _
‘4, There is a significance hetween the prec1p1catlon .
- index and the 1mmunolog1cal act¢v1ty in the antigen group
with high and weak precipitation activity.. These indices
nn_shOW'some discrepancy in the group .of antigens with inter-
© - mediate precipltatlon titers. o
o 5. The capabll*ty of complete antigens to adsorb
V_agglutinins from the correspondlng agglutinating serums
'; coinc1ded almost completely with their immunological activity.
6. In the case of identical subcutaneous injection of
polyvaccine into rabbits, as well as of complete antigens of
_ different serological activity, their serum contained O-
. and Vi-typhus abdominalis as Well as Flexner's type c °
| dysentery agglutinins, while paratyphoid A and B and Zonne
| dysentery agglutinins were found in extremely low titers
or ‘were not found at all.

7. No characteristic relatiocnship was eatabllshed
between the serological activity of complete antigens and A
j the magnitude of the agglutinin titer in the serum of rabbits ' ;
immunized with these antigens. '

8. The preventative properties of the serum of rabbits,
singly immnnized subcutaneously with a dose of polyvaccines
and complete antigens, were discovered predominantly after
two and three and less frequently after one and four mor. ths.
After six months the preventative properties were generally
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absent.

9. With a small number of exceptions there is a

relationship between the serological indices of the complete

antigens and the preventative properties of the serums of .
the rabbitsfwhich were immunized with them, ’

T (1]

[2]

[3]

(4]

[s]
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STUDY OF THE EFFECT OF MICROBE ANTIGEN ON THE
PRODUCTION OF IMMUNITY AGAINST INFECTION
CAUSED BY CI. PERFRINGENS

by

M.G.Chernikova and T.G.Semykina Microbiology
Section (Professor V.A.Krestovnikova
in charge)

In the gastric infection, caused by Cl. perfringens, is
a toxic-septic illness. Its mechanism is not clear even to
the present time. Therefore the role of the microbe factor'-
in immunity against Cl. perfringens is extremely significant
for the most rapid solution of the problem of active immuni-
zation. The study of the role of microbe cells in the
production of active immunity against Cl. perfringens was
carried out by Weinburg and co-workers (1927), Levkovich
(1945), Yertova and Kozhevnikova (1950) and others.

These investigators conducted the w."k on the comparative
study of the immunological properties of formaiin treated
microbe cells and Cl. perfringens antitoxin seperately and
combined.

As a result of these studies all of the above authors
came to the conclusion that the injection of animals with
formalin treated microbe cells does .Jot produce,immunity
against Cl. perfringens , in spite of the accumulation of
agglutinins and precipitators in the blood. The serums of
these animals did not exhibit any preventative properties.

During the testing of the effect of formalin treated
microbe cells on the increase of the effectiveness of immuni-
zation with Cl. perfringeng ' antitoxin these investigaotrs
obtained discordant results. :

Thus, Weinburg and co-workers, have shown that the
addition of formalin treated microbe cells to the anatoxin

increases the quality of the serum in comparison with anti-
toxic serums,
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According to the data of Levkovich, Chertkova and
Zel'manovich, Chertkova and Xozhevnikova the addition of two
. billion formalin treated microbe cells per milliliter to

~ the anatcin does not increase the quality of the equine

. 8erum and does not produce higher resistance to the infection
in comparison with serums obtained during the immunization
with anatoxin alone. ,

All of the above work was concerned with the study of
the role of corpuscular vaccine in the production of active
immunity &jeinst Cl., perfringens. Very little has been
written (Chernikova and Semykina, Vygodchikov and co-workers),
on the possibility of obtaining antigens from Cl. perfringens
‘microbe cells by the methods which are used for other micro-
organisms (intestinal»paratthoid group, staphylococci, etc.)

In 1950 we used the tryptic boiling method to obtain
purified and concentrated antigen, free from toxin. It was

found that the obtained a.tigen after a double immunization
with twénty day interval between the injections in mice produces

- 48 to 55 percent resistance with respect to 1 Dcl of broth

culture of Cl. perfeingens.

Subsequerntly, the work conducted on the use of the tryptic
boiling of the whole broth culture, cohtaining an insignificant
amount of toxin (20 to 40 Dlm/ml) and 25 billion wicrobe
cells (g/ml) increased the immunogenic properties of the
antigen. The double immunization of mice with this antigen
produced 72 to 80% protection from the injection of 1 Dcl
of the broth culture. This increase of tne immunogenic
properties of tre complex antigen can apparently be explained
by the presence of the toxic component, which exists in
insignifi.ant amounts (20 to 40 Dlm/ml) in the broth culture,
from which the antigen was obtained. The purified concentra-
ted antigen, prepared seperately from the filtrate of the
same culture, after double immunization protected only 27
to 30 percent of the mice against the introduced 1 Dcl of
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the broth culture of Cl. perfringens.

Thus, our work has shown that in order to produce active

immunity against Cl, perfringens both the microbe and the
toxic factors are significant. ' '

The possibility of obtaining antigens from microbe
cells of Cl. perfringens was shown by Vygodchikov and co=-
vorkers in 1957. These authors conducted tests of the
immunogenic properties of three protein microbe fractions,
obtained according to the method of Kholchev and dried microbe
cells of Cl. perfringens, washed from the toxin. As a result
of dual immunization and revaccination of rabbits, it was
found that after vaccination with one microbe fraction,
containiny traces of toxin, all of the test animals were
resistant to 1 Dcl of spore culture, Their blood serum
contained small concentrations of antitoxin in the serum
(0.5 AE/ml), agglutinins (titer was 1:100), and precipitant
(titer was 1:1,000,000 and 1:5,000,000).

During t"e revaccination with a nontoxic microbe -
fraction (II and III) some resistance of animals to 1 Decl -
of‘épore culture of Cl. perfringens was manifested, but it
was highly incomplete: five out of nine rabbits remained
alive. Their blood contained no antitoxin, but it did con-
tain agglu“inins and precipitants in the same titers as in
serums obtained after immunization with the first fraction.
The survival of the rabtits in these experiments cannot te
explained by the presence of antitoxins, since for protection
from infection the presence of antitoxin in the blood should
be in excess of 0.1 AE/ml, while the blcod of experimental
rabbits immunized with II and III fractions contained less
than C.05 AE/ml of antitoxin.

In the immunization of rabbits with protein micrcdbe
fractiona in combination with purified and concentrated anti-
toxin , the agglutinin and precipitin titers increased by a
factor of 5 to 10, while the concentration of the antitoxin
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did not exceed its level (1 to 5 AR/ml) in the blood of the
‘control animals, immunized with antitoxin alone. In testing
the intensity of immunity in this group of rabbics the

- authors were unable to find the difference in the resistance

‘to the introdﬁced 1 Dcl of spore culture of Cl. perfringens,

. 8ince the antitoxin titer in the serums of all ‘test animals

was identical (1 AE/ml). To solve this probiem, in our
opinion, it is necessary to either increase the dose of the
introduced culture of Cl. perfringens, or to conduct these
experiments on animals containin¢ smaller amounts of anti-
toxin in the blood (0.1 AE/ml). |

The cited literature data on the role of the Cli perfrin~
gens microbe cell antigens in the production of active immunity
are insufficient. Conclusive proof was not shown in favor
of the use of purified and concentrated microbe antigen in
combination wih anatoxin. This prompted us to carry out

~work on the study of the immunogenic properties of anatoxins

in combination with purified ard concentratea antigén, obtained
from Cl. perfringens culture by tryptic beiliug.

The experimehts were conducted with three series of
purified and concentrated anatoxins, and five series of microbe

antigens, prepared from the broth culture of Cl. perfringens
(Table 1).

Table 1.
Characteristics of antigens used in the experiments.

Antigen |Toxicity |Amount|Complement |Ihe resistance of single.
] EC/ml| fixation | immunized mice (in %) to

reaction | the introduced 1 Dcl of

the culture.

- -

Micrcbe ﬁontoxic - Positive
antigen 0.004mg/m) 40 to 64

Anatoxin| Nontoxicl] 100 | Negative S5 to 60
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The antigens were found o be nontoxic when 5 ml of
anatoxin and 1C mg of microbe antigen were injected into
guinea pigs.- The microbe antigen gave a positive comple-
ment fixation reaction with the specific serum in the amcunt
of 0,004 mg/ml. Curing a singyle immunization 40 to 64

- percent of the mice were protected against 1 Dcl of the

brotlr culture of Cl. perfringens.
The antitoxin contained 100 EC/mlj it did not produce
the'compleuent fixation reaction with antimicrobe serums
and after a single immunization it protected 55 to 60 percent
of the mice against the introduced 1 Dcl of Cl. perfringens
culture. ‘
| The study of -antigens and the immunogenic properties
of the above preparations were conducted with rabbits and mice.
In order to study the antigenic properties, one group
of rabbits was injected with 50 EC of anatoxin, the second
group was injected with 0.4 mg of microbe antigen, and the

‘third group was injected with premixed anatoxin and microbe

antigen in ths £zme dose. The antigens were depnsited with 8mg/ml
of aluminum hydroxide and introduced both as a single injection
and as two injections with a thirty day interval between
them. The blood for the production of the serum was taken
thirty days after the injection of the antigen.

In the obtained serums the presence of antidodies to
the microbe antigen in the compiement fixation reaction and
the concentrztion of antitoxin were determined. In ndditioﬁ,
the preventative properties of serums were tested on thc
experimental mice.

The experiments’ with the complement £ixation roaction
wera conducted by the ordinary method at 37°C with the above -
rabbit serums, taken in 1:40 dilution and antigens taken in
0.08 mg/ml (Table 2). : :

The serum of anatoxi:. immunized rabbits did not react
with the microbe antigcen. 1he serum of rabtlts immunized
with both microbe and mixed antigens produced hijhly positive
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complement fixation reactions at 1:40 dilution.
To study the antitoxic titer of 2.2 ml of serum in

- different solutions, it was mixed with a 0.3 ml test dose
- of standard Cl. periringens toxin, kept at room temperature

for 45 minutes and injected intravenously into mice in a

0.5 ml dose.

The mice were observed in the course of forty-
‘eight hours (Table 3).

Table 2.

The presence of antibodies to the microbe antigen in the

_rabbit serum, on the basis of the cumplement fixation reaction.

i Poaysataiu pANURIE CBRIK-

i
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< i N N 2
€ AugToxcanox 4 = ! o x
fﬂéwﬁmuamwmw : 4 RS ‘ ++iF
NEUM JUTHTETION (3MATORCMK :
gc:u:moﬁﬂ:li amml)( : 4 +++ l +H++
. hO6usnaveuns: -ciadan peaxuis; L +--HuoaomuTcRman  PeANR; j

-+4-+-poaxonozoxurentaan peaxaus. k

Key:

Blood serum during immunizationj

Number of experiments;

Results of the complement fixation reaction;
number of immunization injections;

anatoxin;

microbe antigen;

mixed antigen (anatoxin, and microbe antigen);
designations;

+ weak reaction;

+++ positive reaction;:

++++ highly positive reaction.
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Table 3.

Antitoxic titer of serums

£ Peayantari naNyinauns
g XpaThOCTb ENNYHUIIUUN

aCl'-luox-orn npw’ i >
I uHCIO0 KOMRICCTRO uneao ‘ KOANACCTBO
: : ‘ hoautos | i AE/aa (hmuuton i AE[u
. — ' -
D Atuxpobuuist 2uTHrEHOM 2 0,05 . 3 0,05
C AuaTOXCHION 0.1 4 - 0,25
d Cucswannn alrrumu;:&
ARJITOXCHE W NUK] " .
gﬂi anTHrcn) 2 0,% 4 0,5
@ Hopuazunaz CuzopoOTRA 0,05 2 <0.05
Key: a- Serum duiing immunization;

b~ microbe antigen;
c~ anatoxi=;
d~ mixed antigen (anatoxin and microbe antigen);

e~ normal serum;

f- results of immunization;
g~ number cf injections;

h- number >f experiments;

i- amount of AE/ml;

Thus, the addition of microbe antigen to anatoxin, as
shown by the experiments, increases the concentration of antigen
toxin in the blood of rabbits by a factor of two. Gonsequently,i
the combination of microbe antigen with anatoxin has a
favorable effect on the formation of Cl. peffringens antitoxin.
The reason for the increased formation of antitoxin in
tne serums of animals under the influence of the microbe
antigens to Cl. perfringens anatoxin regquires further study.'
To test the preventative properties of the serum of
rabbits both whole and diluted (1:2 to 1:6) 0.5 mg doses
were injected subcutaneously. Twenty-four hours after the
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—-—injection of the serum the mice were injected 1 Dcl of
~ two hour broth culture of Cl. perfringens. The mice were
R ~ observed for four days (Table 4).

Table 4.

’TheAresults of the tests of the preventative properties
of serums.

£ Pesyantarw nvvynnsauuu . !
g KPaiiaCTh UMMYUHIAUNK
2

& Cusopotks prziuxon

. iln il n i} § pazBesenue CHROPOTKH
npi  HMMYHU32MRH - ozl
. a 3 vl o “‘! = 5 o
golss8co8Sg| 152 13| 124 115 136
gz%?éngzﬁ':;” o
> &iT & 3"—':" slz x5
- . b MuxpoGrsy auurenon 21 12/16] 2 | 24/24) 12,211 5/19f 2/11] = | -
. " C AHatoKcHHOM 21 1215]. 2 | 22/22| 14/21] to/17] 5n18[ ‘— | —
d Cuewannsy  axTHrenonm _
(anatokcuu # MuKpoG- N
- HKR anT'iren) 2| 16,1680 21 22/%2) 25725 19719} 20/20] 15/21 14/20
» € Hopmanbuas cHBOpoTKa ‘ol oons| 2|l opt] = | = | = |~ | =

kK Mpnse Halhad: YACAKTE. b~ RHCAO MUUIEH, OCYABWCC] B MHOLIX; 3Ha-
MEHATEeAb — YHCAO MHIeR U OnuiTe, .

Key: a- serum of rabbits during immunization;
b- microbe antigen;
c- anatoxing;
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{* . ‘ d- mixed antigen (anatoxin and microbe antigen);
' e~ normal serum;
' g . f- results of immunizationj
- g~ number of Immunization injections; -
L h- wundilutea serum; .
§ i- number of experiments;
i ‘ - - j= dilution of s>rum; ;
- k- number of surviving mice; denominator
. number of mice in the experiment.
v

The preventative properties of rebbit seirum, immunized .
with mixed antigen, both after a single as well as after a
double immunization,were higher than in the serum obtained
- by the immunizaticn of rabbits both with microbe antigen ard
; with anatoxin separately. '
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During tests of the preventative propefties of serums
as a function of the antitoxic titer, it was found that. at
the same concentration of AE/ml the preventative properties
of the serum, obtained during the immunization with complex

antigen, are significantly higher than those resulting from
antitoxic immunization (Table 5).

Table 5.

Preventative properties of serums as a function of anti-
toxic titer. ‘

”
Fo
.
.
Z
i
3
E
ks
]
X
by
3
@
i

i Ty

Amount of AE/ml
Serums used for immunization 0.25 0.12 0.06 »
Anatoxin | 22722 {1421 | 5015 |
Anatoxin with microbe ' _
antigen 25/25 | 20/20 14/20

Note: numerator =-- number of surviving mice; dencminator
number of mice in the experiment.

The data of there experiments on the determination of
the preventative properties of the serums indicates that in
the protection of animals from gas gangrene, caused by Cl.
perfringens, both antitoxin as well as antibodies to the
microbe factor play a significant role.

To study the effects of microbe antigen on the immuno-
genic properties of antitoxin,mice were immunized with ana-
toxin along with microbe antigen and with each of the
antigens separately. The immunization of the mice was
conducted by a single injection. The anatoxin was injected
in 50 EC/ml, dose while microbe antigen was injected as 0.4
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mg. in 0.5 ml dose.

The strength of the immunity was tested

thirty days after immunization by the injection of 1 Dcl of

broth culture of Cl. perfringens.
was conducted.* (Table 6).

A total of eight experiments

* Because during single immunization the series of microbe
antligens were found to be not identical, in terms of their

immunogenic properties, the results summarized in Table 6
are given separately.

Table 6.

Results of single dose immunization of mice with microbe
antigen and anatoxin separately and combined.

Muxpobunit 'anéureu

CUseitiaganilt auTured

Anartoxcsu

(3T2LCHIL i MIRPOS-
nwit anruren) €

: a b £ Koauuecrso xyantypu (Del)
, .§§ 1 1 ' 1
'-za'% gg“ Yucao mumed| 3 g |Yicao nuwch| 3 g Yucao muued,
ole] oam 5 OCTB.IEUMXUI oz o OCT.‘.I?.'IIHX\‘.H ozw OC7aBIIHNXCA
] 3 a 3‘8 h B RHBWX 3=5 hB HKHBWX E.:: 5 B KADMX
2t 2@ — R YR - =2z i~ - —
TE| T3 lpgcd] % | TIO [ AGeqi % | THE | Ase gt
+ 3]3 %0 2o‘|4o~ 23 uleo W6 | 7 | e
sl & | 3 | 6 | % |2 | s | % |
Key: a= Number of seriles;
b= number of experiments;
¢~ microbe antigen;
d=- anatoxin;
e~ mixed antigen (anatoxin and microbe
f- amount of culture;
g= number of mice in the experiment,
h= number of mice surviving;
i- absolute. :
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The obtained data indicates that mixed antigens in
these experiments induce higher resistance of mice than
antigens taken separately. The immunogenic properties of the
preparation depended on the quality of the microbe antigen
used. Thus, antigen which causes less than 50 percent protection
of mice did not increase the immunogenic properties of the
preparation in combination with an anatoxin. When microbe
antigen possessing more pronounced immunogenic properties
was used (67 percent), the effectiveness of mixed preparations
increased significantly (79%).

Thus, these experiments showed that for active immunity
against Cl. perfringens, it is necessary to produce pre=-
parations which include the anatoxin and microbe antiboedies,

. displaying pronounced immunogenic properties.

In order to solve this problem, further work is necessary
on improving not only the quality of the anatoxin, but also
of the microbe antigen,.

Conclusions

l. A single immunization of mice with anatoxin in
combination with microbe antigen causes a higher pretection
of mice to the introduced 1 Dcl of broth culture of Cl.
perfringens (79 %), than the immunization with anatoxin
(60 %) or microbe antigen separately (67 %).

2. The increase in the immunogenic properties of
cormplex preparation.depends on the quality of the microbe
antigen used.

3. The serum of rabbits, immunized with anatoxin in
combination with microbe antigen, obtained by the tryptic
cooking method, contains a greater amount of AE,/nl and’
better preventative properties in experiments with mice
than rabbit:serum, immunized with anatoxin or microbe antigen
separately.
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THE ANTIRABIC. MECHANISM CF DRY GAMMA  GLubULIN WHEN
USED FOR THE TREATMENT OF WOUNDS INFECTED WITH
A STREET VARIETY OF RABIES VIRUS.

by
G.D.Kobrinskiy, Laboratory for the
Prevention of Rabies (Candidate

of Medical Sciences M.A.Selimov
in charge)

The introducfion,of antirabic vaccination into the |

medical practice in 1885 by Louis Pasteur lowered the fatality
-of people bitten by rabid animals many fold. Even better

results have been achieved in the last decade due to the
achievements of the seroprophylaxis of rabies; particularly’
in the cases with short incubation of the disease, when a
single vaccination even given in time may not necessarily
prevent the disease. In such cases the introduction of
antirabic serum (or its fraction) increase: the incubation
period of the disease, thus increasing the effectiveness of
vaccination. -

What- happens- in the immune-organism? Why,'after,the'?
hydrophobia prophylactic sero-vaccine series,; doesn't the
person become ill? What is the mechanism of immunity
against rabies? '

All these questions were posed by scientists a long time
age but then and now the answers to the majority of these
questions are given by the investigatvors in the form of
theories and hypotheses which have not been experimentally
verified. .

One of the ganerally accepted views is that the rabies
virus which penetrates the organism may be controlled until
the tice that it reaches,; and enters the cells cf the central
nervous system. In other words, as long as the virus is in
the tissucs where it enters with the saliva of the animal
or in the peripheral nervcus systems along which it moves
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in the direction of the brain, preventative measures against
rabies can be effective.

What helps the destruction of the virus and where is it

inactivated in the case when a person or an animal has been
- successfully protected from rabies?

On the basis of experimental and seroprophylactic data,
it is concluded that the principal factor responsible for

antirablc immunity is specific antibodies.

In regard.to the location where the antibodies contact
the virus and inactivate it, this part of the immunity
mechanism has been very little developed. Up to the present
time it was only possible to show that a great role in the
prevention of rabies must be played by the antibodies which
penetrate from the blood into the spinal fluid, and that the
penetration of the hematoencephalitic barrier plays a signifi-
cant role,

We have studied the properties of powdered antirabic
gamma globulin in the local treatment of wounds, infected
with a street variety of rabies wvirus, Along with other
aspects of the problem we were determined to elucidate the
mechanism of the action of this preparation, namely: to
determine whether gamma globuiin is capable of neutralizing
the virus in the wound tissues themselves.

Some irdications of this possibility were obtained by
Yugoslav virologists Milan Nikolitso and Zdravko Jelesitsch.

In our experiments we initialiy attempted to determine
the effectiveness of powdered antirabic gamma gloublin in
the treatment of wounds infected with a street variety of
rablies virus. After it was found that this preparation is
highly effective if the wounds are treated ..mediately
sfter the infection, it was of interest to determine the
effectiveness of gamma gloublin in iocal applications on
different days after the inf -%ion. The preiiminary results
of this werk were published in 1958. This article presents
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more complete data on this aspect of the question.

Method

Using scissors and pincers a section of musculus masseter
1 to 1.5 cm? in area was opened on both sides of guinea pigs
weighing 250 to 300 g. Using the sharp ends of the scissors
twelve tc fifteen longitudinal and transversal incisions,
three mm in depth, were placed along the cleared areas.

Using a syringe 0.5 ml of ten percent encephalic suspension
containing street variety of rabies virus were placed on the
wounded areas or each side of the guinea pig. The virus

was isolated from the brain of a man who died in 1957 from
hydrophobia. The.dlagnosis of the illness were established

in our laboratory by histological (Negri bodies) and virological
methods. The virus which was used for infecting the guinea
piys was passed four times through the organisms of these |
animals by intramuscular infection and then introduced into

the brain of the rabbit.

In these experiments we used a ten percent rabbit
encephalic suspension prepared with distilled water and ten
percent normal equine serum. The suspension was as a
twenty percent suspension at a low temperature., For each
series of experiments a new series of virus was prepared,

The intracerebral :itration of the virus was conducted
on mice. The DLgg of the virus varied during different periods.
between 10=5:1 and 10~6-8 per 0.03 ml. The specificity of »
the virus suspension was determined. In the experiments we L
used the supernant liquid, obtained after rapid defrosting
of the encephalic suspension, two fold dilution and sub-
sequent centrifugaticon for 5 min. at 1500 rpm.

Antirabic gamma gioublin was prepared by the porlonged
immunization of horses with the encephalic suspension from
rabbits, containing the Moscow tctrain of the fixed rabies
virus. The serum of these horses, containing a sufficlently
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high concentration of specific antibodies, was subjected
to the precipitation with ethanol in the cold accordirg

to the current instructions on the production of gamma

gloublin., It was then dried in a vacuum apparatus by the
lyophilic method. The powder obtained in the drying of one
series of this preparation was subsequently uses in our
experiments., '

A ten percent solution of gamma gloublin in 10~4
dilution neutralized with one hundred LDgg of the fixed
virus was used in the neutralization reaction with mice.
After the infection of the guinea pig wounds with a street
variety of rabies virus, 0.2 g of the powdered antirabic gamma
gloublin was applied to each affected surface.

The period of the observation of the animals was sixty
days. The rabies diagnosis in dead guinea piys was veri-
fied by histological (Negri bodies) and virological investi-
gations. .

The cited data illustrates the limited effectiveness of
the treatment of wounds with antirabic gamma globulin as a
function of the time of its application (Table 1). This
preparation prevents the development of rabies in the majority
of animals only if it is applied within fifteen to thirty
minutes after infection. At a later time its application
is noneffective in preventing the disesase.

Nonetheless, it is known that intramuscular injection
of large quantities of liquid antirabic gamma globulin into
animals aven forty-eight hours after the infection with a
street veriety of the virus prevants the majority of animals
from contracting the disease. Tne use of this preparation
in the dry form with local application or. the wounds, infected
with rabies virus, even one hour after the infection hecomes
nocneffective. This fact indicates that dry gamma gloublin
when applied to the wounds, has a local action with respect
to the rabies virus which enters the wounded tissues.

The following experiments were also conducted in order
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to investigate the validity of this assumption.,

Three groups of guinea pigs were wounded on both sides
in the region of the musculus masseter, but only one side
was infected with rabies virus. Fifteen minutes after the
infection, powdered antirabic gamma gloublin was applied to
the infected side of one group of animals, while the seconc
group received the applicatién of gamma gloubiin on the

opposite side. The third group of animals was the control
(Table 2).

Table 1,

Treatment of wounds with dry antirabic gamma gloublin

after the infection of the wounds with a street variety of
rabies virus. . I

-
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Key: a~ Designatiors; b~ Mortality average in-
cubation period (in cdays); c~ elapged time
after the infection ¢of the wound before treat-
ment of wounds with antirabdic gamma gloubiin
(in min.,) d-~ control; e- experiment no.
f= note: numera-or == number of dead animals
denominator == total nuisber of animals.
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Table 2.

Local and general effectiveness of dry antirabic gamma
gloublin’during treatment of wounds infected with street
variety of rabies virus.

, fpucunaune raxsa-rz:06yaniox &
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1 Cpezunit  nukySaunouuni
nepuoa (o aunx) | - 2 2,5 i 20
. : .l
]
Catepruocts | 3/16 $/:0 8/8
2 Cpeausic mukybawwomumii! i
nepron (3 auax) .2 19 17
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Key: . a- experiment number; b- designations;
c- Mortality average incubation period (i
‘days); d-~ application of gamma gloublin
after 15 minutes; e- application to the
infected surface; £- control;
g-— note: numerator —— number of dead
animals; denominator ~-- total number of
animals;y h- application to the side oprosite
the infected side.

The leading role of gaima gloublin in the protection

~of animals from contacting rabies virus disease was of the

local nature. The general effectiveness of this preparation
was also apparent, but it was significarily less effective.
The general action of gamma glcbulin is demonstrated

by the lov: antivody titer in the blood of guinea pigs, after
the application of gamma gloublin (investigations were con-
ducted after twenty four hour:, four days, ten days, fourteen
days and twenty days following the application of powdered
antirabic gamma gloubiin to the noninfected wounded side of
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fresh guinea pigs). The presence of antibodies by the tenth
to the fourteenth day disavpeared (see figure).

At the same time the virus which enters the wound with
the saliva of the animal penetrates quite rapidly into the
interior of the tissue and a higher concentration of the
specific antibodies than that which is sufficient for local
application of insignificant amounts of such antirabic gamma
is necessary for its neutralization. Therefore, with all the
due importance of the local treatment cf wounds with =owdered
gamma gloublin and the crcation of the possibility fér
specific antibodies to destroy the virus at the seat of the

introduction of the infection the local treatment of wounds
infected with a street variety of rabies virus must be used
% E only as a measure auxiliary to the sero-vaccine prophyiaxis
§ 3 of rabies.

" Conclusions

l. The specific rabicidic antibodies can inactivate
the rabies virus at the sight of its entry, i.e. in the
wounded tissues.

2. The local treatment of wounds with antirabic gamma

globulln alone may be insufficient for the protection against
the disease of rabies, and therefore must be viewed as an

o auxiliary measure to the sero-vaccine prophylactic measures
against rabies.
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THE STUDY OF COMPLETE ANTIGENS OF TYPHUS ABDOMINALIS
MICROBE BY DIFFUSION PRECIPITATION IN AGAR

e e et

by . é %

N. 'B. Izmaylova, Department of Microbiology , ]
(Professor V. A. Krestovnikov - , SR
in charge) ' Lo

|

In recent years the diffusion precipitation reaction
in agar has been widely used as one of the most sensitive %‘
methods for the determination of the composition of antigens §
in complex bacterial products. At present this method :s
successfully used for the study of the antigen composition
of bacteria toxins, the determination of the toxigenic
properties of bacteria, the study of the complex composition
of antigens and the determination of the common serological
properties of antigens.

The study of bacterial processes, i.e., filtrates of
broth cultures, have shown that bacterial toxins have a
complex antigen structure. Thus, in the native diphtheria
toxin up to twenty-four antigens were detected (Pope, 1951),in

tetanus coxin up to eighzeen antigens (Rafyi, 1954) and Cl.
perfringens anatoxin up to twelve antigens {Marmalevskaya and
Blagoveschenskiy, 1959).

In type A boutlinus Biorklund (1954) found nine antigens,
while Gendon (1958) discovered up to fifteen antigen fractions.
In Streptococci toxin twelve antigens were discovered
(Chistovich, 1956), while in staphylococci ten antigens
were found (Chistovich, 1956) and seven by Kovaleva (1958).

A number of authors (Yelicheva, 1959; Rakhman, 1958;
Khamagushkin, 1959) used the precipitation in agar method, to :
determine the toxigenic property of microbes of the intestinal |
and diphtheria group.

Use of this method is of great interest in the study
of the antigen composition of the bacterial antigens. Thus,

"Goryshina (1959), used this method to study the composition
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of Vi~antigens of the E. ccli and typhus abdominalis cultures.
The antigens were obtained'using the Buavena method from strains
of E. coli, 3. Ballerup, Ty 1203 and Vi, .

The direct and cross experiments with monoreceptor
0- and Vi- serums and with serums obtained for all the
strains of the investigéted cultures have shown that all
antigens contained serologically identical Vi=components.

The antigens differed only with respect to the presence of

the 0- component, specific for each form of antigen. O= p
and Vi- antigens of the strains of E. coli, S.ballerup and ?
Ty 1203 formed two characteristic precipitation zones. Con-
sequently, they are two independent antigens rather than one
antigen with two determinant groups.

Thus, the precipitation r=action in agar is a specific
reaction, the essence of which lies in the formation of pre-
cipitation in the agar gel at the place of the reaction of
the antigen with the corresponding antibody. In view of the
different rate of diffusion and the different concentration
of various components in the system, the zones of equivalent
ratios between antigen and antibody are located at different
levels of the agar gel. Each precipitation zone corresponds
to only one antigen-antibody pair. In the presence of several
E antigens in the system they behave independently of one
another and produce a corresponding number of precipation
zones in the presence of the corresponding antibodies.

There are several immunobiological methocds for the
determination of the quality of the whole antigen (precipita-
tion reaction, complement fixation reaction, etc.), but
h . not cne of them indicates the complex structure of whole
antigen. In the earlier work (1959) on the study of whole
antigen of Flexner's type ¢ dysentery microbes, which
comprise part of t“e NIISI polyvaccine we used the agar
precipitation method as an additional investigation method
in conjunction with other methods. The results of that
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investigation verify the possibility of utilizing this
method for the study of whole antigens.

The obtained data have shown that whole antigen ‘of
Flexner's type ¢ dysentery microbe have a complex antigen
structure. We discovered six antigens., It was also shown
that from the number of precipitation zones in agar whole
antigens are not standard in composition, in spite of the
fact that they were obtained from the same strain and by
the same method.

It is of interest to study whole antigens of typhus
abdominalis microbes in this reaction, since its antigen
composition has been most thoroughly investigated and serums
are available which contain antibodies to individual antigens
of this microbe.

The purpose of this work is to study the whole antigens
of the typhus abdominalis microbe by the precipitation
method in the agar in tlie tall medium columns, proposed
by Oudin (1946, 1948). The experiments were conducted
according to the method which was slightly modified by
Gispen (1955)., Gispen proposes the use of 0.8 and 1.6%
agar, prepared with distilled water with the addition of
a small amount of alkali (up to pH = 7.2). In the prepara-
tion 0.3 ml of the serum and 0.15 ml of the agar heated to
60°C aﬁe mixed together. Tﬁe experiments were conducted
in test tubes of a certain dlameter at room temperature
and the results were studicd in the course of twenty-one
days.

To ascertain the reliability of the obtained results,
the reaction with each of the antigens was conducted simul=
taneously in three different test tubes. The measurements
were taken after every two days. The height of the detectable

sone (from tie separation boundary of the first and the
second layers in the agar) was measured in millimeters. At
the same time it was marked onh the test tube in order to

-154~
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observ: the dynamics of the development of the obtained
zones., ' B
The study of whole antigen was conducted with rabbit
serums, immunized with live culture, formalin treated
vaccine, whole antigen of typhus abdominalis microbe Ty
4446, obtained by the industrial production method, with .
monoreceptor serum O, Vi and H, and also with whole antigen,
obtained by the Buawen method from Ognq culture and Batnagar
. Vi culture,

For control the serum of healthy rabbits and hydrolyzed
casein broth, in which the culture was grown for the
preparation of whole antigens were used., The serums of
healthy rabbits, checked preliminarily in the ordinary
precipitation reaction in 1:2 dilution, produced negative
results. In the agglutination reaction these serums in-
dicated the presence of agglutinins to typhus abdominalis
microbes, in 1:10 to 1:20 titer. We were unable to obtain
serums totally free from agglutinins.

In the prelinimary experiments,using the agglutination
reaction we investigated: reference culture of typhus !
abdominalis microbe Ty, 4446 (from which whole antigens *
and serums were produced industrially) with which all of
the investigations of antigens were conducted (Table 1).

S e e T RS Ml e R A N A SRR

e AR PR e 5

Table 1. ;
Characteristics of the Ty, 4446 culture on the basis !
of the agglutination reaction.

serum (immunization) i

Culture §

Live culture| 0gq, Vi) | Hgqy |Healthy rabbits ;

Tys 4446 1:20480 1:1600 }1:200] 1:80 1:10 ;
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The data of these experiments have shown that the live
Tyz 446 culture contained O-, Vi~ and H- antigens and was full
strength with respect to the whele antigen composition.

The serums, obtained in the immunization of rabbits
with this live c¢vlture, was also found in full strength.

It contained O~, Vi- und H=- antibodies. In the agglutination
reaction with live cultures Oggp; serum was agglutinated in

a titer equal to 1:5120 with Vi, =~ in a titer equal to

1:80 and with Hgp; == in a titer equal to 1:10 240.

The monoreceptor serums O0gpys Vi and Hggy displayec
strict specificity and agglutinated only the corresponding
cultures.

In all we investigated eleven whole antigens of the
typhus abdominalis microbe by two methods: 1) the generally
accepted calcium precipitation for the determination of
the activity and 2) by the diffusion precipitation in agar
for the determination of the composition of the antigen.

The investigation of whole antigens was conducted
with rabbit serums, immunized with live cultures, heated
0gg; culture, and Vi; and Hgp; cultures. The Hgg, serum,
absorbed by the heated 0Ogpy; culture, according to the
agglutination reaction titer did not contain any 0= or V.
antibodies (Table 2).[sicl. |

The data obtained in the calcium precipltation, in=-
dicates that whole antigens possess sufificiently high titers
and contain 0O~ and Vi- antigens,

The concentration of H~antigen was not detected.

All eleven whole antigens were studied in the preci-
pation reaction in agar with the same assortment of serums
(Table 3) [sicl.

These data indicate that whole antigens are not uniform
in terms of antigen composition. The experiments with
0, Vi and H serums have shown that all eleven antigens re-
acted with 0 and Vi serums, while eight out of eleven re-
acted with H serum. With these three serums, all antigens
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formed not more than three precipitation zones. The majority
~of antigens produced only one precipitation zone with 0.
‘and Vi serum. , N | o

The contral experiments with whole antigens made up
of Oggp culture and Vi, Batnagar culture have shown that
monoreceptor serums are typically specific, since in the
precipitation reaction in agar they form only one zone and
only with the corresponding antigen. 0gg; antigen forms
three zones with the serum of rabbits immunized with live
culture, while Vi antigen forms two precipitation zones.

The experiments with serums of healthy rabbits have
shown that six antigens out of eleven form not more than
two precipitation zones. These data indicate that the serum
of healthy rabbits contains the so-called normal antibodies
to the whole antigen of typhus abdominalis microbes.

The data of the precipitation reaction in agar indicate
that whole antigens of typhus abdominalis microbes have
complex antigen composition and contain 0=, Vi-~ and H-
antigens. It should be noted that 0O~ and Vi~ antigens in
themselves are complex, which is indicated by the formation
of several precipitation zones with the serum of rabbits
immunized with live culture. The precipitation reaction in
agar is specific since only by means of this method was
it possible to detect the concentration of H-antigens in
whole antigens, and also to determine the presence of
antibodies to these antigens 1n serums of healthy rabbits.

~ osequerntly, an attempt was made to identify the
development precipitation zones according to their distance
of ascension., The analysis of the obtained data indicate
that zones associated with Vi antigen are located at the
8 to 10 mm level, while the zones corresponding to 0=
antigen are located higher at approximately the 12 to 1§
millimeter level.

The data of the experiments with casein broth have ;
shown that the zone found at ¢ millimeter height is non- !
specific, We did not interpret the zones which werm obtained
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at other levels.

In addition to the conducted investigatioas with the
serum of rabbits immunized with live culture, eleven antigens
were studied in the calcium precipitation reaction and the
precipitation reaction in agar with serums of rabbits im=~
munized with formalin vaccine and whole antigen of typhus
abdominhalis microbes. .

In order to answer the question as to how differenti the
serums prepared by different methods are, the results of the
investigations were compared to the data obtained in the same
reactions with rabbit serum immunized with live culture.

For visual comparison of the results conducted by these two
methods the antigens were grouped according to the arbitrarily
assigned indices for each of the reactions.

According to the calcium precipitation reaction the

“first group ctontained antigens with titers equal to 1:256,000

to 1:128,000 the second group contained titers equal to
1:64,000 to 1:32,000. According to the number of detected
precipitation zones the antigens were subdivided in the
following groups: 1) 5 and more zones, 2)
and 3) 1 to 2 zones (Table 4).

3 to 4 zones

Table 4,

Characteristics of serums according to the data of
ordinary precipitation and precipitation in agar.
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Key: a- serum (immunization); b= 1live culture;
¢~ whole antigen; d~ formalin vaccine;
e~ number of serums; f=- antigen titer;
g~ aumber of zones; h- 5 and more.
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In the calcium precipitation reacticn whole antigens
reacted almost identically with the serum of rabbits
imtunized with both, live cultures and with whole antigen.

The data of the precipitation reaction in agar have
shown that with the serum of rabbits immunized with whole
antigen a larger number of antigen frictions were detected
in the whole antigens than with the serum of ratbits.
immunized with formalin vaccine. '

On the basis of these data one may presume that formalin

vapor changes the antigen structure of the microbe cells
and the number of detectable precipitation zones increases.

There is nrno correspondence bec:ween the calcium precipitation

reaction data and agar precipitation data. These reactions
indicate different properties of the investigated whole
antigens. ‘

Thus, the studies of eleven whole antigens of typhus
abdominalis microbes by the calcium precipitation method
and the precipitation in agar hive shown the existence of
a complex antigen composition. They contain 0=, and Vie
and some of the H-antigens. '

The composition of whole antigens, .leither on the
asis of the titer in the calcium precipitation reaction,
nor on the basis of the number of zones formed in the
precipitation in agar is sufficiently standard, in spite
of the fact that they are obtaired from the same strain of
nicrobes and by the same method. 1In all probability thris
difference is not qualitative, but it is associated with
the quantitative content of certain antigens in the in-
dividu.l series oi whole antigens, determined by the agar
precipitation reaction. These amounts may be insufficient
to form precipitation zones, ' )

The study of whole antigens with the use of the serum
of rabbits immunized with live culture, whole antigens and
formalin treated vaccines has shown that these serums are
not identical with respect to their properties.

«159=
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The serum obtained during the immunization of ratbits
with formalin treated vaccine contained a smaller nunber
of antibodies. Since the properties of serums depend on the
quality of the antigen, which induce immunization, one

may conclude that formalin has apparently a destructive

effect on Certain microbe cell antigens.

Apparently, the diffusion precipitation in agar may be
used for the detection of the effect of physical and chemical
methnds, used in the preparation of typhus abdominalis vaccine,
on the antigen propertiés of microbes. This aspect cf the
subject should constitute a special investigation.

Conclusions

1. According to the precipitation reaction in agar
and th= calcium precipitation reaction, whole antigens have
complex antigen structure and contain O0-, Vi- and H- antigen
compor.edts.

2. The serum of rabbits, immunized with live culfure,
is sufficiently strong. In terms of the properties it is
close to the serum obtained during the immunization of
rabbits.with whole antigen. '

3. The precipitation in agar develops the complex
structure of whole antigens and is a new highly sensitive
method for the study of the quality of whole antigens which
are put into the composition of polyvaccine.
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STUDY OF THE ANTIGEN FRACTION OF WHOOPING COUGH MICROBE
AND ITS RCLE IN THE FORMATION OF ANTIWHOOPING
COUGH IMMUNITY

(Communication I)
by

A. I. Belkina, Ye. A. Petrofyan, V. P. Bodisko and

R. D. Brusilovskaya, Whooping Cough Laboratory

(A. I. Belkina, Candidate of Medical Sciences, in
charge).

Many investigations devoted to the study of the whooping
cough microbe, and its structural components, responsible
for the production of insensitivity to whoow»ing cough in-
fection, still did not produce any new antiwhooping cough
vaccines. u '

Up to this time the prevention of whooping cough is
achieved only through the use of cérpuscular vaccine, pro-
duced at present from the immunogenic strains of the first
phase of the whooping cough microbe.

However, this vaccine in association with purified
diphtheria antitoxins produces a severe reaction. There-
fore, the production of a nontoxic soluble whooping cough
antigen, possessing well developed immunogenic properties,
suitable for use in the associated vaccine for a number of
childhood infections, is one of the presently significant
problemns.

The isolation of the antigen fraction of the whooping

-cough microbe by the method of Buavena and Raistrik-Topli

was conducted by Truskina-Tumanova (1952), Malysheva,
Kholchev, Shavrova (1952), Trushina-Tumanova and Mamayeva
(1955), Palant, Milel'man, Fintiktikova and Oleynikova
(1955), Bayeva (1958) and others. It was found that only
the Reystrik=Toupli method is capable of isolating whooping
cough microbe antigens with a well developed immunogenic
activity. However, the doses of this antigen, which ére
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used for the immunization of animals significantly exceed
the doses of the corpuscular vaccine. On tihese bases
Bayeva, in particular, concluded that antigen obtained
by the Reystrik-Topli method does not have any advantages
over the corpuscular vaccine,

Pillemer and Burrele (1947), Smolens and Flavell
(1947), Robins and Pillemer (1550) obteined antitoxins of
the whooping cough'bacilli, by the repeated freezing and
thawing, as well as by ultrasonic irradiatioa with subéequent
purification of the extracts of whooping cough bacilli.

The purified extfact displays antigenic and immunogenic
properties. The authors believe that two or more than two
antigen .components in the purified fraction are responsible
for the protective properties of the purified extract. One
of the fractions, lécated on the surface of the microbe cell,
is a specific antigen which can be obtained in large quantities
without the destruction of the cells (Smolens and Flavell,
1947). Pennele and Thiele (1951) treated the whooping cough
microbe suspension in an oscillator for thirty-five minutes.
The suspension of destroyed cells was centrifuged. The
fractionation of ethyl alcohol extracts at the appropriate
pH, temperature and ionic strength and dilution of the

final material permits the separation of the fraction.

which contained all of the immunogenic activity of the
extract with low concentration of nitrogen. The immunogenic
fraction contained both the agglutinin and toxin. After

the removal of the toxin the antigen activity is not lost.

Pillemer and co=-workers (1954) perfected the method
for the preparation of the complex -~ stromaprotective

" antigen (SPA), based on the absorption of the protective

antigen on the stroma of human erythrocytes.

The study of the immunological activity of different
purified fractions and the discovery of a new antigen
(hemaqgluginin and factor sensitive to histamine) brought
us closer to the production of purified effcctive vaccine,
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and also enabled the elucidation of the antigen complexity
of the whooping cough bacilli. At the same time it is still
not possible to identify the principal antigen which pro-
duces whooping cough immunity. The authors stress that it
is necessary to introduce new metnods in order to approach
the solution of this problem.

The Japanese in«estigatbrs (Kawajama and co-workers,
1956) discovered a highly effective protective antigen in
the supernant liquid of whooping cough culture, grown for
two - three days in a liquid synthetic medium. According
to the opinion of the authors this antigen is the surface
antigen of the whooping cough microbe and is the product
of its metabolism, which diffuses into the liquid nutrient
medium.,

Barger and Soar (1958) in their study of the antigen
composition of whooping cough bacilli extracted the antigen
with a 2.5 M solution of urea, and showed that it is a
nucleoprotein complex, containing 14.8 percent of nitrogen
and 3.7 percent of phosphate. It has the characteristics
of the perfected antigens in mice, intranasally infected
with a live culture. The serums of mice immunized with
this preparation contain agglutinins, the titers of which
vary within 1:200 to 1:400 limits, while the titer in the
precipitation reaction reached 1:120,000.

We believe that the establishment of the possibility
of the production of immunogenic active whooping cough
antigen is very important.

From this standpoint the search for new methods for
the isolation of the antigen fraction of whooping cough
microdes, which would insure a higher immunogenic activity
¢f the latter, is of extreme impcrtance.

The purpose of this work was to produce a soluble
whooping cough antigen by such a method in which the ri-.robe
cell components, important for the cevelopment of immunity,
would be the last subjected to trauma, The second problem
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of this investigation was to study the obtained soluble
antigens in order to develop a method for the production
of whooping cough vaccine.

The most "mild" method is the extraction of the live

- microbe suspension with ether. This method was used by

Larson (1945), Bell and Larson (1952, 1954) and also by .
Belkina and Perrosyan (1955 to 1957) for the production
of immunogenic fraction of the tularemia microbe,

We utilized this method for the production of soluble
whooping bacilli antigen. In this work seven strains of

-whooping cough microbe were used (187, 222, 248, 305, 18323, i

58001 and 63), which meet all of the requirements of the
first phase culture.*

.. We obtained these cultures from the State Control

Institute ip. Tarasevich. %

In order to obtain the antigen by the ether method,
the wheoping cough culture was grown on a casein-carbon
medium for forty-eight hours. The pure culture was removed
by washing with a physiological solution. The obtained
microbe suspension of certain standards was subjected
to ether treatment. In some cases in order to free the
culture from the cultural liquid the whcoping cough bacilli
culture, washed off with physiological solution (from the
casein-carbon medium) was centrifuged. The obtaired
centrifugate was dialyzed in a flowing water syvstem,
filtered through a Berkefeld candle and freeze dried in a
vacuum, The precipitate of the micromass was treated with
a water-ether nixture (in 1:2.5 ratio) and the obtained
antigen extract was also dialysed, filtered and subjected
to lyophylic drying.

Thus, three methods for the ext:-action of antigen were
used in this work: the first method -~ extraction of
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antigen from the washed microbe culture treated with ether;
the second == ether extraction from the washed microbe mass

and the third method ==~ from the supernant liquid of the
culture wash without the ether treatment. All of the antigens
were studied with respect to the chemical composition, |
toxicity énd also serological antigenic and immunogenic
properties. Using the above method twenty-nine series of
antigens were obtained which were found to be nontoxic and
specific. Depending on the method of extraction of the
antigen, the chemical composition changes significantly.

o S A o B R R s B

While the microbe cell antigens contain more nitrogen (seven
to ten percent) and less reducing substances (5.16 to 8,28%),
the antigens from the liquid phase of the culture wash
contained less nitrogen (1.21 to 4.06%), but at the same
time, significantly more of the reducing substances (22

to 48 %). Apparently the low reducing activity of the
antigen from the microbe cells results not from carbohydrates
but from the presence of other reducing substances, since
the chromatographic analysis of the hydrolyzate of this
antigen did not reveal any carbohydrates. The antigens
extracted from the culture wash contained 11.1 to 12.1 %

of nitrogen and 5.7 to 29.2 % of the reducing substances.

The study of the serological activity of antigens
revealed wide variations of titers in the precipitation and
the complement fixation reactions (T:ble 1).

In the majority of cases low titers were obtained for
antigens from the supernant liquid (in five series out of
six). The toxicity of the obtained preparation was checked
by the subcutaneous injection into rabbits and the intra-
peritoneal injection into mice. The minimum toxic dose of
antigen in the case of intraperitoneal injection was in
excess of 5 mg. All of the investigated preparaticns were
found to be nontoxic,

The antigen activity of the preparation was 3studied
by the immunization of rabbits. After the completion of
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Table 1,

Chemical composition and specific properties of whooping
‘cough bacilli antigen obtained by different methods.
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from microbe mass series 17;

c- from supernant liquid series 17; 4= from the

culture of strain
treatment, series
222, treated with
antigen per liter
{in percent); h-
j= nitrogen; k-

number 63 of the third ether

12; e= the culture of the strain
ether, series 14; f- vyield of
(in g); g= chemical composition
ash; i= phosphorous;

reducing substan~es; 1= pre=-

cipjtation reaction; m= complement fixation re=-

action.
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immunization, the rakbit serum was investigated for the
concentration of agglqtinins, complement fixing antibodies,
and also for their onreventative and neutralizing properties
in the experiments with mice (one Dcl of live culture was
used in the experiments). : |

The immunization schedule for rabbits was different
depending on the nature of the injected antigen. The
immunization cycle of rabbits involved 5 to 5.5 ml of the
native antigen. The control group of rabbits'was immunized
with formaldehyde vaccine. One immunization cycle of rabbits
entailed the iniection of 4 to 9.5 billion microbes (on the
basis of the intestinal standard). Six to seven daYs after
the completion of the immunization the rabbits were exsangui=-
nated. The serums of all of the immunized rabbits were in~
vestigated for the concentration of agglutinins and comple-
ment fixing antibodies.

' The agglutination and complement fixation reactions
were conducted witr formaldehyde vaccine, prepared by us
from the microbe suspension of the first phase virulent
whooping cough culture (Table 2).

The high concentration of agdlutinins was noted both
in rabbit.serums, immunized with formaldehyde vaccine, as
well as in rabbits immunized with antigens obtained by the
ether extraction method. The agglutinin titer prior to the
dilution of the serums reached 1:25600, while the complement
fixation titer of the antibodies was as high as 1:640,
From the rabbits immunized with ether extracted antigen
three had agglutinin titer, equal to 1:25600, two had
agglutinir. titer equal to 1:6400 and one had a titer equal
to 1312800. ' .

The preventative properties of serums were studied on
mice. FPFour serums were taken-for the experiment (two -
serums obtained from rabbits immunized with formalin vaccine,

and two sSerums from rabbits immunized witi. antigens extracted
with ether).
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The results of
tion’'reaction.

Table 2.

the study of the serums in the immuniza-

Copin g 'l:mpu poaKus N

Antitren CiiBO~ ‘cnnauumum KOM-
a_ pon\'%- ArrRIOTHHAUKK ‘ L nesciTa
_ i
10 1125600 11640
b dopuoaonar daxitiia 1 1 127600 11640
12 125600 1:640
1
: i 9 1325600 11640
C Anturcu, unanaexcnuiuil agupon 13 1:2;‘1*00 $1640
; i 1+ 256C0 1:020
i 14 _ 116400 1:320
S : A e |
: d J\I:“l;lcf;‘t‘::( élcapl.n?gocazxo'mou Wit | o7 ] 116400 He cranuzach j
; ,‘ e Au;reig'.eumm MukpoGiiail Naccu o8 l 1112500 He crapunach 3
| Key: a= Antigen;
i b~ formaldehyde vaccine;
i c~ antigen, extracted with ether;
! d- antigen from the supernant liquid series
‘ 18;
e- antigen from the microbe mass series 18;
f- series of serum;
g- reaction titers;
h=- agglutination;
| i~ complement fixation;
‘ j= experiment was not cenducced.

Experimental method

Twenty-~four hours prior to the intranasal injection of

ml dose) and in twen

lk et e e st =

cne Dcl of the virulent culture of strain 222, tie animals
were injected intraperitoneally with the immune serum (0,25

ty=-four hours the nice were infected
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with a virulent whooping cough culture. The control mice
were injected at the same time as the experimental mice

a normal rabbit serum and the infective dose of the culture
(Table 3).

Table 3.

Preventative prorerties of rabbit serums immunized with
different whooping cough antigens.

Form of serum
Antigen Series of
serum Immune Normal
Dose of cglture 1 Decl,
Formalin
vaccine 10 4/6 0/¢
12 4/6 0/6
Ether vaccine 8 2/6 0/6
] 3/6 0/7

Note: numerator indicates the number of animals which
survived the injection; the denominator indicates the total
number of animals in the experiment.

While all of the control animals which were injected
with the normal serum died upon the injection of one Dcl.
of the virulent liva culture, the survival of the experimantal
mice was high when the serum ohtained during the immuni-

2ation of the animals with formalin vaccine was injected

preliminarily. The survival is also high for the mice which

«l71=

T X O AN i

T 1 pr o

R ot S = L




T

N BREIY e vy

Pt it st s

o -

Ll SN

were injected, the serum obtained in the immunization with
antigens obtained by the ether extraction method.

Some of the investigated serums were tested for the
neutralizing properties in experiments wich white mice, by
the intranasal injection of the mixture of serum and the
infective dose of whocping cough culture (strain 222).

Experimental method

mixed with one Dcl.

ml. The mixture

A dose of immune serum (0.08 ml) was
of the virulent culture contained in C.02
was kept in a thermostat for one hour and then a 0.C3 ml
dose of this mixture was intranasally introduced into mice.

The control mice obtained the same doses of the normal serun

with the infectious drse of the culture. The experimental

and control animals were observed for three weeks (Table 4).

Table 4,
Type of serum
Series
Antigen of )
» Serum Immune Normal
Results of 1l Dilm of the
Neutralization culture
Formalin
vaccine 12 5/16
1/6
Ether vaccine 3/6
S 4/6 |

Note: the numerator designates the number of surviving
animals; the denominator indicates the total number of animals

in the experiment.
The highest neutralizing activity was displayed by the
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serum obtained from the ratbits immunized with formalirn
vaccine. The serums obtained from rabbits imwmunized with the
ether extracted antigens, displayed a lower neutralizing
ability. The contrcl group which received the normal dose

of the serum arnd the whooping cough culture had only one case
of survival.

Having established the high antigen aciivity of our
preparations we proceeded to the study or their immunogenic
properties in experiments with mice. In the first stages of
this work we evaluated the immunity of the animals which re-
ceived different amounts of the culture intranasally.

The results of the serological, toxic and immunogenic
properties of antigens, obtained by the ether extraction method
are represented in Tabie 5.

- Initially during the immunization of animais we titrated
the minimum immunization dose of antigen from 0.01 to 0.25 mg.
It was found that the minimum immunization dose is 0.01 mg.
of antigen. In subsequent experiments the immunization of
mice was conducted with 0.01 mg of antigen by the intraperi-
toneal two stage injection of this dose (with one week interval

between the injections)_,Two weeks following the completion of

the immunization the immunity of the animals was checked by

the intranasal infection with virulent whooping culture. Only
the series 20, antigen extracted from the microbe mass, with
0.01 mg. minimum immunization dose protected less than fifty
percent of the mice against two Dcl of the culture. It,how-
ever, displayed good protecting properties when the dcse was
increased to 0.1 mg (66.6%).

‘ Considering the fact that in recent vears the intra-
cranial infection with virutent culture (strain 18323) with
subsequent calculation of LD¢ became a widely accepted
method for evaluation of the immunity of test animals,in
subsequent experiments we utilized this method. However, in
order to establish the correspondence of the earlier obtained
data with the intranasal infection method with the data
obtained by the intracranial method, we re-evaluated two
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Table 5.

i Cepoxoriuecxiic .2, ) j Hlxnyaoreiine
! @ cuonciaa ‘221 caonevBa (3 %)
—_ —_= U
A f.lh') |:‘<’g 1 y 2QBCHRA HN-
a Antnres - P :’_ z \x\uorc... ocTa
fpearuns Xpae = ;
Inpewma {CEAIED L et
e ja KoN-; % ¢l peyiS Det
1Y ' .
H ‘ag l.x.u.»ht-'av e

p Y3 wrasua 63, oépauOof t
TannbiE 3QRPOM Cep. ,2:1:128000 1:6:000: 5

c K3

HaZOCaN0NHON M. X'
d KOCTH B U3 NllnPOUhOu

; '
‘ C M2 nazocapounoit it-| : i
. xocTu cep. 17 1:125000° 311000 § &
; ’ ) ! :
i . 1 ; : 0 l
A 13 uuxpoGuoi Macc ] : Lol :
cep. 17 lummn{h«mwg 5 m210L3§—[omb
i : 0.25 H 75 1 — : u.,D
| C M3 nazocazounoii Wua-| N [0,00160 1 —1 ~ |
xocTn cep. N 1:8060 '1:i00007 — 19,1 ' <0 -1 =
dHa uuxpoénoﬁ Naces 3 i 06i! - ;;4 ¢ - %
} cop. 20 ; 0,0 | -~ 8.6 — |

1
i
"
lsmmmixwmns -
|
1
]
%

Macce cep. 20 i—- 0,01 | |~ — 83
3 mukpobucit Maccut i ‘ ! 'I l'
d cep. 19 !leOOO 1:80:0 | — }0.0ll - i—l1 - ‘85,7

Key:

a= - Antigen; T

b~

C~
d-
e-
f=-
g—
n-
i=
X~
me

= v ot Y T e =

from strain number 63, treated with ether series
12;

from the supernant liquid,

series 1

from the microbe mass, series 17;

serological properties;
titer;
precipitation reaction;

complement fixation reaction;j

toxic properties; j-

73

in mg.; 1= 4immunization dose (in mg,.);
evaluation of immunogenic properties.
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Serles of earlier tested antigen (series 19 andc series 26 .
by the new method.

In this case series 20 antigen from tne
microbe mass and from the supernant liquid was mixed and in-
jected in the same dose (0.01 mg.).

Serological, toxic and immunogenic properties of antigens

of whooping ccugh bacilli extracted by the Larson method.

immunogenic prooertles,
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In series 19, only the microbe mass antigen was taken
for the experiments. The tested series (20 and 19) pro-
tacted 63 to 85 % of the animals, respectively, against
164 LD50 in this method of the verification of immunity.

Subsequently, it was of interest to verify the results
of the work of the Japanese authors; Kawajéma and others, who
showed the possibility of obtaining highly active antigens
from the supernant culture liquid after growing whooping
cough microbes in the course of 2 to 3 days in a synthetic
liquid medium.

On this basis, along with the ether method for the
extraction of whooping cough antigen, we attempted to
obtain antigens from the filtrate <¢f the broth cultures of
the first phase of whooping cough bacilli grown in a synthetic
Jiguid medium for 48 hours., _

The filtrates of the broth cultures were studied exactly
as the above antigens with respect to. toxicity, antigenic
and immunogenic properties.

The antigenic activity of the filtrates was studied by
the immunization of rabbits. The animals were immunized |
intravenously with 4 to 5 day intervals. The filtrates were
injected in gradually increasing doses. In the course of
the immunization cycle the rabbits received 25.2 ml of the
native filtrate according to the scheme proposed by the above
auvthors., Six to seven days after the last immunization the
rabbits recovered.

The immunogenic activity of filtrates was studied by
the intraperitoneal immunization of mice with subsequent
intranasal infection with 1 Dcl of the virulent culture of
whooping cough bacilli (Table 6).

The filtrate of the broth culture caused the formation
of agglutinins (titer 1:100 tc 1:160) and complement fixing
antibodies (titer 1:150 to 1:320) in lower titers than the
serum titers obtained after the immurization with other
preparations (see Table 2).
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Properties of filtrates of broth cultures.

Table 6.

b Cuofictsa Juantpars o . |
e HpeBCHTHB- | \ v OFC ;
o2, cuiTrense g e ln&\rpamlaymmm “ HNEY 0T Citti e |
. d 1 h xupsoTine .
porxa peaki PeaKNis !10 . i
arranoTi- fl'::::“:(';:l'_ ot K.?:T; ‘ QUWT [KORTPOAb OHWT | o"'m’ Lo
oo uaewegta, § K N AR S i .
'n ‘ ‘
4 11600 | 11320 | 3/6 | 0/6 { 3/6. B
5 11100 | 11160 KL 1/6 2738 L/t
TR HTpuMCHARNA  WHCAITCAL = YHCA0 BIKIBIIIX MUIICH, JBANCHATEIL —

WIICAO MHDOTHLX B onuite.

Key: a-= Serum; b= properties of the filtrate;
c- antigenic; d- titer; e- agglutination
reaction; f= complement fixation reaction;
g- preventative; h- animals; i~ experi-
mental; j= control; k- neutralizing;

l- immunogenicj; m- Note: the numerator
indicates the number of surviving mice, and
the denominator represents the total number
of animals in the experiment.

The preventative and neutralizing properties were
expressed to the same extent as during the immunization with
ether extracted antigens (see Tables 3 and 4).

In regard to the immunogenic activity of broth culture,
it was somewhat less pronounced than in the case of antigens
obtained by the ether method (see Table 5).

However, the possibility is not excluded that the pro=-
duction of antigen from the filtrate of the broth culture -
with higher immunogenic properties is possible. It may
require a longer period of time for growing the culture in
a synthetic liquid medium.
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Conclusions

l. The use of the extraction method of the live whooping
cough culture with ether enables the production of an antigen
preparation which is nontoxic (Dlm is in excess of 5 mg).

2. The chemical composition of antigens, obtained by
different methods, shows significant differences. The
antigen from the microbe mass contained a higher amount of
nitrogen (seven to ten percent) and less of the reducing
substances not in the carbohydrate form. The antigens
obtained from the supernant liquid, contain less nitrogen and
significantly more reducing substances after the acid
hydrolysis.

3. The study of the antigen activity of different
whooping cough bacilli fractions has shown that their intro=-
duction into rabbits stimulates the formation of agglutinins
and complement fixing antibodies. 1In addition, the serum of
these animals possessed preventative and neutralizing
properties with respect to the whooping cough microbe.

"4, The antigens obtained by different methods, inde-
pendently of the chemical compositi possess very pro=-
nounced immunogenic properties. Dur..g the intranasal
injection of a 0.01 mg dose they protected 50 to 84.6 % of
the mice from 1 Dcl infection with virulent culture. In
the case of intracranial infection (strain 18323) with 164
LD¢, of the virulent culture, 63 to 35.7 % of the mice were
protected.
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THE PRODUCTION OF SORBED WHOOPING COUGH AND WHOOPING COUGH
DIPHTHERIA VACCINE AND THE STUDY OF THEIR PRINCIPAL PRO=
PERTIES IN THE ANIMAL EXPERIMENTS AND IN A LIMITED
EPIDEMOLCGICAL EXPERIMENT

(Report Number 2)
by

A. I. Belkina, Ye. N. Petrosyan,
A. A. Demina, V. P. Bodisko,
and R. D. Brusilovskaya

In the work conducted in 1959, we utilized Larson's
method for the isolation of antigen from the live whooping
cough culture by extraction with an aqueous-ether mixture.
Using this method we obtained thirty-one series of antigens.

The study of the principal properties of the majority
of the obtained antigens in 1959 have shown that these
antigens possess intensely manifested serological properties
in the precipitation reactions and complement fixation
reactions. The introduction of these antigens into rabbits
stimulates the formation of agglutinins and antibodies
(responsive to complement fixation) in high titers. The
obtained serums have high preventative neutralizing'properties
and protect fifty percent of the mice against infection with
one Dcl of the whooping cough culture., The minimum toxic
dose is > 5 mg. It was established that the minimum
immunization dose for the majority of the series of antigens
was 0.01 mg, which protected 58.3 to 100 % of the mice from
infection with one Dcl of the whooping cough culture.

Thus, in the 1959 work we established tha: the Larson's
method may be used for the productic. of high quality
antigens from whooping cough cultures, both in the antigen
and in the immuncgenic respect, and having no toxic pro-
perties.

The principal problem in this year's wnrk was the pro=
duction and study both, of monovaccine as well as of di=-
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and trivaccine in the association with diphtheria and tet-
anus antitoxins.

For this purpose we studied eight series of whooping
cough antigens, obtained by the Larson's method. In this
work we utilized seven strains of whooping cough bacilli
(187, 222, 248, 305, 58001, 18323, and 63), which met all
of the requirements for the first phase culture.*

* These strains we obtained from the State Control In-
stitute im. Tarasevich,

The study of the antigen composition of the obtained
cultures with the meonoreceptor serums L, S and O in the
agglutination reaction showed different relationships in
the antigen components in the investigated whooping cough
cultures.,

The conducted analysis of whooping cough cultures in-
dicated the predominance of the labile antigen, significantly
lower concentration of L-antigens and very low concentration
of O-antigen. It should be noted that the concentration of
O-antigen in the serums, obtained during the immunization
0f rabbits with autoclaved culture, is small. The maximum
O-antibody titer reaches 1:800 to 1:1600 serum dilution.

All of the antigens were studied with respect to the
chemical composition, serological properties, toxicity,
antigen and immunogenic activity.

In the study of the immunogenic properties of antigens
in the first stages of this work (1959) we checked the
immunity of the anlmals by intranasal infection with different
amounts of the live culture (in Dcl).

Considering the fact that recently intracranial in-
fection with virulent c.lture has acquired greater acceptance,
for the evaluation of the immunity of animals, strain 18323
was tested by this method with subsequent calculation of LDg e
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In subsequent experiments we used only this method.

In order to establish the relationship between the
earlier obtained data in the intranasal infection method
with the data obtained subsequently by the intracranial
infection we conducted two series of experiments with
earlier tested antigens (series 19 and series 20) by the
new method. In this case, antigen series 20 was tested with=
out the separation. The antigens obtained from the microbe
mass and the supernant liquid were mixed, and injected into
mice in the same dose (0.0l mg). 1In this experiment series
19 antigen was obtained only from the microbe mass.

Experiments with series 19 and 20 antigens, indicate
that utilizing this method of infection 85.7 and 63 % of
the animals, respectively, were protected against 164 LD50
of the virulent bacilli.

Table 1 shows the immunochemical characteristics of
antigens, extracted from the whooping cough bacilli, by the
Larson's method. Anﬁigens of series 22, 23, 24, 25, 26, 27,
28, 29, 30 and 31, extracted from the culture as a whole,
following acid hydrolysis contained a large amount of the
reducing substance, reaching 33.6 %. The concentration of
nitrogen in this series varied over a significant range
(3.5 to 9.2 %). The exception was series 19, which was
extracted from one of the microbe masses without the culture
liquids. After acid hydrolysis it total nitrogen content
was 9.9 %, and the reducing substances comprised of only
8.3 %

In the precipitation reaction and complement fixation
reaction, the antigen composition of ether preparations was
tested by means of L=, S- and O- monoreceptor serums. The
study has shown that cur preparations contain all of the
microbe cell antigens in different ratios. 1In evaluation

f the toxicity of these preparations, it was found that
the toxic dose of certain antigens was in excess of 10 mg.
while for the majority it was in excess of 5 mg.
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The mice were immunized with a single injection of a

L Rt DI ey

0.04 mg dose of antigen. The immunity was tested after
twenty-one days using 238 to 250 Lvogy of whooping cough
culture. In four out of seven series, the immunity te

250 LD50 dose injection of tre live bacilli, was developed
by 50 to 62.4 % of the animalis.

Antigen series 19 protected only 41.9 % of the animals.
Antigen series 30 and 31 protected 10 to 37.5 % of the animale
against 238 LD50 injection. This dose of antigen, however,
protects 75 to 77 % of the mice against 137 LD50 dose of
live bacteria, when the immunity was checked after 27 days,
i.e., at a much later testing date. Avparently, later tests
of the immunity revealed the immunogenic characteristic; of
the antigen better. The results of these experiments have
shown that 0.01 to 0.04 mg doses of ether antigens, produce
stable immunity in 50 to 85.7 % of the animals against infec-
tion with 137 to 250 LDso of the whooping cough culture.

Having established the immunogenic quality of the ether
antigen, we passed on to the development of associated
preparations on their basis. We conducted the prel’minary
studies of the effects of sorption and association with
diphtheria and tetanus antitoxins on the inmunogenic pro-
perties of whooping vaccine (Tabhle 2).

In three out of five cases the sorption of whooping _
cough antigen on the gel decreased the percentage of the el
survival of the animals, while in two cases, the immunogenic
activity of the antigen increased. The lowering of the '=jf*
survival may be explained by the retarted desorptignﬂéf,_f;’
the antigen, In the immunity tests conducted on the same
dates as the tests with nonsorbed antigen, lowering of the
antigen stimulation resulted. 1In those cases when éccption
increased the percentage of survival of the animals, one
may presume that the dose taken for immunization was
sufficiently highj therefore, incomplete liberation of the
antigen during the given period of time has a faverbale
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effect on the manifestation of the
in this case the addition of dip
have any unfavorable effects on

imRLnogenic sotivity.

htheria and toxin does roi

LOoT

the experimental resul:s,
Table 2,
The effect of sorption and

association on the immuno-

genic properties of whooping cough vaccine.
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1] H ‘
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19. 0.8 ! ] A oy .20
19 6,68 | 30 T S U B B
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2% 0,04 ' e T SR
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27 0.04 i - { — LU :.._.G 1 “,
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3 0,04 10 S N 9 26 428
3l 0.25 | 35 o0 20 37} 3
Key: a=~ Series; b~ the composition of vaccine;
c~ doses of wheoping cough antigen (in mg;; ;
d~- dose of diphtheria anatoxin (Lg): 1
e~ dose of tetanus anatoxin (EC);
£~ dose of ¢e'l (in mgj; g=- infection dose ]
{in LD5p); h- survival of mice (in %}; 3
i~ immuncgenic properties.,
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Increase of the antiger cose to C.25 mg in association : 1

with diphtheria anatoxin in the sorbed preparation insured
the protection of mice against 250 LD50 to the extent of
66.6 % (series 27). S

The whooping cough vaccine series 30 and 31 in 0.25mg . .

i ke

i b e

doses in the association with diphtheria and tetanus anti-
toxins in the sorbed preparation did not protect the animals
from 137 LDg (46.6 tc 33 %).

The presented data indicate che necessity for thorough
titration of the whooping cough component to the regquired - . 1
amounts of the dipntheria and tetanus anatoxins in the
associated sorption of the preparation.

Finally, we attempted to exvlain the effect of a number
of injections and the location of the introduction of the

vaccine on the immunogenic properties. This question was

studiea with one series of whooping cough vaccine (series
27) in the asscciation with diphtheria anatoxin in the sorbed
preparation. |

Five variations of the immunization of mice were in-
vestigated. In two cases double immunization was used with
one week interval between the injections of the sorbed
whcoping cough vaccine, and subseguent injectior of the
sorbed whooping cough diphtheria vaccine. In two injections
the mice received 0.08 mg of the whooping cough vaccine
and 30 Lf of the diphtheris anatoxin. rifty percent of
the mice survived the injecticn of 220 LDSO. In the secona
variation tihie dose of diphtheria anatoxin was lowered to
10 Lf. This lowering of the diphtheria component did not
have any effect on the survival of the mice during the
injection of 250 LD50 of the whooping cough culture, and
again fifty percent of the mice survived the tests. In tne
third and fourth variations the sorbed whooping cough
vaccine, and the sorbed diphtheria anatoxins were injected
into mice simultaneously in different parts of the body. 1In
the third variation 0.0%4 mg. of the sorbed whooping cough

P
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L 0f the diphtheria anatoxin
was used. In this expe:iment the highest
effect was obtained. 71 % of the wmice I-fected with 25C 1D

vaccine was injected ané 30

-

immunologicai

survived, In the first variation the dose of the diphtherié
toxin was lowered to 10 Lf. Lowering of the diphtheria
- anatoxin dose , lowers significantly the percent of the
survival of the animals (42.9 %). This fact indicates the
disruption of the equilibrium of the antigen stimula
In the last experiments,, a sincle application of the sorbad
s

whooping congh dipr.theria vaccina was tested. The dose o
the whooping cough zomponent was 0.25 mg while the dose Of

the diphtheria anatoxin in the preparaticn was 30 LE.

In these tests o06.¢ % of. the mice survived the infection
with 250 LDSo of the whooping cough bacilii 7

Thus, it was estatlished that productio.: of the as-
i sociated sorbed whcoping cot:gh diphtheria and whooping cough
| diphtheria tetanus vaccine musl de cthorcughly titrated for
the dose of the whooping cough component in the compbinration
with diphtheria and tetanus anatoxins.

Consequently, for the firal soluticn of the prohiem
regarding the association of sorbed whooping cough vaccine
r- - : it is necessary to titratc the Jose of the whooping cough
component in combination with dipntheria and tetanus anatoXins
and to establish in the comparative study the effectiveness
of a single and double vaccination as well as the effect of
the duration of the immunity tests on the effectiveness of
the vaccire,
{ i ' In the course of the study of these aspects of the
prokblem the most rational dose of the whooping cough ccmponent
will be established In the sorbed mono-, di- aad *ri-vaccine
for use in a single and in a double immunization proceedure.
o : The analysis of the experimental data indicate that
: the use of the water-ether extracts of the whooping cough
culture according to the Larson's method will enabie the
i E production of antigen in which the microbe cell components

-186-
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important for the development of the immunity are preserved.

i

Antigens extracted from the culture as a whole contain large -
amounts of the reducing substances reaching up to 33.6 %.
The concentration of nitrogen in these series varied over
a broad range (3.5 to 9.2 %).
The obtained preparations were nontoxic -— the Dlm of
. antigen was in excess of 5 mg. Certain antigens had»a Dlm
I 4 in excess of 10 mg.

The study cf the antigen composition of the preparation
with monroreceptor serums-L, S and O have shown that the
“antigen contains all of the components of the microbe cell
in different ratios.

The minimum immunization dose of antigen is 9.01 mg.
Upon the injection of 0.01 to 0.04 mg of antigen the inr
munized mice survived to the extent of 50 to 85.7 % when
infected with 137 to 250 LD, of the whooping cough bacilli.

To avoid lowering of the immunogenic activity of small

T BTN (PR IV T L P PRI PN

doses of the sorbed whooping cougii vaccine it is necessary
3 to conduct tests of the immunity during a later date after
- immunization, than in tests of nonsorbed preparations (i.e.
not earlier than a month following the immunization).

The doses of the whooping cough component must be
thoroughly titrated when it is used in combination with cther

components in the associated sorbed preparations.

Conclusions

o gyt T g
aiaat .

1. The Larson's method can be successfully used for
the preparation of whooping ccugh antigen. The preparation
3 is nontoxic and it possesses sharply manifested immunogenic
‘ properties. '

2. The studv of the antigen component of the preparation
with monoreceptor serums L, S and O in the'precipitatioh
complement fixation reaction has shown the presenre of all
three components in different ratios.

-187-
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3. PFor the development of the associated whooping
cough~diphtheria~tetanus vaccine it is necessary to titrate

- : the whooping component dose in combination with the diphtheria
g and tetanus anatoxins, to compare the immunogenic effective-~
& ness during. single and double immunizations with the associa~
ted sorbed vaccine and to establish the optimum dates for
testing the immunity.

Takle 3.

! Effect of the number of injections and the location of
3 ;' injections on the immunogenic properties of the vaccine

(experiments were conducted with white mice).

. : y i N DaTa (B ";']
LOCTan BaxKiuidid I8
—a.__7 -l

|
4
) C d {‘l“:,:],l,ma::“:.‘- ‘ comn (%) ’ BIYTPUNCHCIUOS 3apa-
cepui 2038 B (#2) | “roxcun ei . g weite 230 LDy
; (s LN :
i - i ;
27 0,04 - . o2
i udpes uencznl ; 50
i 0,04 * (I 0,22
1 .
* *.
§ 21 0,04 - 0.2 |
B MCHC3 HCACAD ‘ 50
0,04 10 -0,22
!
' : ¥
- 0,22. 11 Oauoppencnio B pas-
z 0,04 ‘ lie MeCTi —
— 30 0,22 ‘ 71
; N - | 2 11 OanoppenciLo « pas-
- a 0,04 ‘ 0.2 i a m‘.'c MeCTa —
. - 0 L0222 i 42,9
= . i {
s ' x = )
| 27 & 0,25 1 o o ! 6€.6
Key: a- Composition of vaccine; ™- protectirn (in %1;

™

c~ series; d- dose in mg.j;e-diphtheria and ana-
toxin (in Lf); f- gel (in %); g- intracranial
infection with 250 LD 0’ h- afte- a week;

i- simultaneously in~~ different places.
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PRODUCTION AND STUDY OF THE ACTIVE- FRACTIONS OF i
THE DIPHTHERIA ANATOXIN i

by

A. K. Vargina, Biochemical Laboratory
(Professor Ye. A. Petrosyan
in charge)

In recent years highly successful results were obtained
in the production of high quality diphtheria toxins and ana-
toxins.,

For a long time the diphtheria anatoxins with 2000 Lf/mg:
of the total weight of nitrogen wer considered to be the
highest (Iton, 1936; Pillemer, 1947, 1948, and others).

In recent years reports occurred in literature on the

preparation of anatoxins with purification indices reaching
up to 3200 Lf/mg of the total nitrogen (Holt, 1951; Pope,
1951; Bowen, 1952; Pope, 1953; Khabas, 1957 and others.)

As it is well known the production of a highly effective
preparation entails the use of a complex single stage puri-
fication method. '

It should be noted that significant losses of the
specific antigen are encountered in the proczess even when
the most "merciful" purification method and standard nutrient
media are used.

When-different purification methods are used the percent-
-age yield of the active units varies even within a single -
starting series of the diphtheria anatoxin. This is appar- IO
ently explained by the fact that different precipitants
cause disaggregation or cause other structural changes in
the protein which has an effect on the yield of active
substances (Tablie 1).

- Acccrding to the presented arguments one must assume o

that the starting anatoxin contains several specific anti-
gens, which differ in their chemical composition and physico-




chemical properties, or there exists one specific antigen
which forms strong compounds with different prcteins.

Table 1.

,Charactefistics of purified anatoxins, obtained by
different methods.

NapakTepueTnia

| Xapakrepucrika natno-
OMIfiNeLIOTO ANIaTOKCHIHA

i HOTO aitaTokcina

; EN PSR
& Meton ocaxaechns J 1 SZ~ ~ ~ CEEZA e | 1 I':.: =P
POEPEES--3 B - = LA ™= = pey R =
= 3 IRDEIEY 9 122EI5% ) % igzf
Y T I Ee 0z 257 Ez ) T IRS
S | < g2e83 & E5s 38, S %8
i i
b To Xoaty | 120 21 5 | 154] 18 1 428! 20 | 20,3, 1750
b o Xoary 120 52! 5 | 154, 26 | 208 § 30 2,6 730
46-uponcutuoit c " ! !
aTioil - CMach [ : ) .
AU 2 s2| 5] 154) 12| 26 45 (27,8] 770
C 50-npoucutiod c K x
ocraTHOIl MECH ‘ .
o 5 <l 52| 5] 156} 19 | 53] 40 | 29,1 1500
i
C 62-npoucurioi c ! |
thocdaTioi MCCh . ' : I
cb»ccl:»o . 2 52 5 1847 19 400 ; 45 127 1480
d Hacwiuenuny
pacTBopoM ceplio- . ! . oy
KHCROTO AMMOIIR 44 421 40 176 | 16,6! 474 | 15 125,2: 1450
€ Cyxoit conwio cep- )
HOKHCI0T0 aMMO- : ' - . -
HHR : 44 421 40 176 | 24 372 P25 30,5 ] 1226
"Coasiioit KicaoToi fa 461 33 1541 47 72 | 2 ¢ 7,7) 935 -
"G Tprxaopykeycnoii | Cyecs ' .
Kiicnovoit 3 511 20 134 1 68 851 20 | 14,2 1995

Key: a~ Precipitation method; b~ according to Holt;
© ¢c= 46 % phosphate mixture; d- saturatzd solution

of ammcnium sulfate; e~ with dry ammonium sulfate;
f=- sulfuric acid; g- trichloroacetic acid;
h= characteristics of purified anatoxinj
i- characteristics of native anatoxin; j- series;
k= mixcure; 1- Lf/ml; m- duration of floccula-
tion (in min); n= “otal nitrogen (mg %);
o~ yield (%0; p- amount of Lf/mg of the total
nitrogen.
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The purified anatoxin, concentrated hy a factor of five
or more, has 730 to 2000 Lf/mg indices for the total nitrogen
with the variation of the yield of active units, in the
proximity of 12 to 68 %. The Lf/mg indices for the total
nitrogen above 2000 were not obtained using a variety of
methods for their isolation.

The structure of the obtained purified concentrated
diphtheria anatoxins were investigated by paper electro-
phoresis and the diffusion precipitation method in agar
according to the Chistovich modification of the Yuden method.
The zone electrophoresis method recently acquired importance
not cnly for analytical, but also for preparative purposes.

The work presents the results obtained in the study of
highly active diphtheria anatoxins and active fractions
which were isolated from them. '

 The problem of the fractionation of diphtheria anatoxin
has not been sufficiently described in literature. 1In our
country the first investigators who were concerned with
these problems were Krestovnikova and Ryakhina (1937),
Khalyapina (1937, 1954), Chistovich (1955) and Khabas (1957).
Abroad the investigators delving into this area are Pope
(1951), Bowen (1952), Pulik (1952, 1953, 1958) and others.

The electrophoretic studies of diphtheria anatoxins
were conducted in our laboratory. It'was established that
in order to achieve the successful separation of protein
fractions the anatoxin must be preconcentrated in cellophane
sacks by means of ventilation or by means of lvophilic
drying. For electrophoretic separation a chamber with
horizontal placement of strips was used. The strips were
preliminarily saturated with a buffer solution by siphoning
or simply by dipping the paper strips into the buffer and
dryiﬁg them slightly between large sheets of filter paper.
The tested material was placed by means of a Pasteur pipet
on the cathode end. In the whole series of preliminary

-191i-
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experiments the suitability of various buffer solutions for

the analysis of anatoxins was investigated. 1In choosing

i
a buffer solution, as it is well known, it is desirable {
to find such a solution in which more complete separation 3
of the protein mixture and its preservation in an unaltered |
state takes place (without altering the proteins themselves,) |

We tested the following buffers: veronal~-medinal buffer,
pPH = 8,5 = 8.6 and ionic strength 0.1; Michaelis buffer, .
pH = 8.5 = 8.6 and ionic strength 0.05 - 0.1; phosphate-
citrate buffer of pH = 5,2 - 5.4 and ionic strength 0.1 =
0.2; acetate buffer of pH = 5.2 ~ 5.8 and ionic strength
0.1 - 0.2. |

Satisfactory results were obtained with acetate buficr
of pH = 5,2 - 5.4 and ionic strength of 0.1 - 0.2. The
electrophoresis were conducted for four to five hours.

The following factors play an important role in the é
separation of the components of the protein mixture: \
electric field strength, current intensity, temperature and
duration of the electrophoresis.

‘ In practice, however, the duration of electrophoretic
separation of the proteins on paper, with all other things
‘being equal, depends primarily on the current intensity.

In our separation experiments we applied 410 to 530 volt
potential.

Paper strips were stained with various dyes: acid
blue-black, acid chrome blue, aniline black, brom=phenol
blue.

It should be noted that the best staining of the
anatoxin fraction was obtained with 0.2 % blue-black dye in
ten percent acetic acid (Figures 1, 2, 3).

The electrophoretic separation of diphtheria anatoxins fg
and toxins is described in literature only in isolated cases, fﬁ
primarily in relation to the problem of fractionation of ]
only highly purified diphtheria anatoxins. The work of if

-192- | |
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Bowen (1952} has shown that anatoxin, purified by the Holt
method, consists of proteins with the mobility which
corresponds to the mobility of Y = and B2 globulins. Pulik
(1952, 1953) having access to purified anatoxin with Lf/mg
of the total nitrogen equal to 2,400 obtained on the filter
paper two to three bands in Michaelis buffer and veronal
buffer at pH = 8.55. However, the nature of the dispersion
of anatoxin proteins was similar to the dispersion of pro-
teins which we obtained. Kabas (1957), in the separation
of anatoxin with 2200 to 2800 Lf/mg activity of the total
nitrogen in a starch block cbtained two fractions.

From this one can conclude that diphtheria anatoxins,
ohtained in different laboratories, have different total
nitrogen indices, but the fractionation structure of the
anatoxin is practically the same. The purified anatoxin
consisted of two to three fractions. In conjunctidh with
the phoretic separation we also conducted a study of the
antigen structure of diphtheria anatoxins and obtalned
from it the fractions by the diffusion precipitation method
in agar according to the Chistovich nodification of the
Yuden method. Several experiments were conducted in order
to obtain a general understanding of the dynamics of the
occurrence of bands and their nature. Bands were obtaired

.at room temrerature. The first bands were always wider,

less dense and more pronounced than the bands formed later.
Subsequently, experimentz were conducted in crder to
determine the concentration threshold of the formation of
the band (Figure 4). The concuntrated purified anatoxin
was placed in layers on the agar in decreasing amounts
(o0, &0, 30, 15, 5, 3, 1 Lf/ml). The diphtheria floccula-
ting serum was taken in all cases in the amount equal to
100 AE/ml. The start of the formation of precipitation
rings was noted by the 28t to 30t hour, while after 7 to
12 days, when the formation [original text pp. 134 to 135
not furnishedl.

~193~-
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3. Electrophoretic separation of anatoxins of filtcr
paper indicates molecular nonuniformity of the pucified
diphtheria antigens, The purified anatoxins have two to

three fractions, while the nativc anatoxins contain one
fraction.

4, The study of the native and the purified anatoxins,
and also of the individual fractions, isolated from the
anatoxin by the precipitation diffusion in agar method, has
shown the nonuniformity of their composition.

5. The purified diphtheria anatoxin in the Phywe tyre

ultracentrifuge were found to be nonuniform in composition
(we observed two peaks).

SO SR
- N
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Figures 1 to 3.
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STUDY Or THE PROPERITES OrF CONM: LETE ANTIGENS,
OBTAINED FROM THERMOLABILE ANTIGEN
CONTAINING FLEXNEx'S TYPE ¢ AND
f DYSENTERY MICROBES

(Communication II)
Ly

M. I. Ignatova and L. K. Kas'yanova, Department
of Microbiology (Professor V. A, Kestovnike-
cva, in charge)

In our 1959 investigation of the thermolabile antigens
ot Flexiner's type ¢ and f dysentery microbes we liave shown
that certain cultures contain another antigen which is
relatively thermolabile in additiorn to somatic thermostable
antigens. The cultures, containing the above antigen, display
strong immunogenic properties in the experiments with mice, in
comparison with cultures without thermolabile antigens, which
proved the significance of this antigen in the development
of immunity.

The purpose of this work wes to study the stability of
therrmolabile antigens in the course of the production of
complete antigens from the selocins Jvsentery cultures, and
also to study their propertics, Tirsc of all, we found it
necaessary to study the stabiiity of the thermolabile artigens
in microbes grown in a reactor with aeration and during
boiling. For this work we selecied five dysentery cultures:
thrce Flexner's type f cultures, and two Flecner's type ¢
cultures. One of the latter two cultures was the production
strain i<s which was included in the exXperiment as a control,

Characteristics of the Culture

ALl cultures were Licchemicalliy typical and in the S-form,
displayed strong typifying properties. They all contained
1:1600 titers of the studied, relativaly thermolabile arntigens

Lt




with the exception of Flexner's type f culture (strain number
37). The titer of the thermolabile antigen in this culture
‘ ;&é@,@@ua1”ﬁb~1:3200. In the study of the toxicity of cultures,
- mice wers given intravenous injections of the vaccine hsated
“‘ 1nxthé.course,Qf one hour at 6G°C. Each culture was checked
.. 4n thrcc‘ddsas: dne, two, and four billion microbes. Five "
mice were injected with each of the above doses. .
| In these experiments it was found that the studied cultures .
were of low toxicity. During the study of virulence each -
culture was titrated in three doses: 50, 100 and 200 billion
microbes - five mice for each dose. The indicated amounts
of .microbes in 0.2 ml volumes with the addition of 0.8 ml
of 0.4% o7 the imported agar were injected intraperitoneally
; ‘into the mice. Thus, each mouse received one Billion microbes
B of the agar suspended culture intraperitoneally.
: | The results of the experiments have shown that Flexner's
type f strain 66 culture was the most virulent. One Dcl of -
this culture under our experimental conditions was equal to
S0 million microbes, while 1 Dcl oy .'lexner's type £ strain '
number 37 culture and Flexner's type ¢ strain 580 culture '
was equal to 200 million microbes. Flexner's iype f strain
.490 culture was the least vir::lent in comparison with other
i cultures. The antigen properties of the cultures were
| checked on rabbits, which were immunized first with formalde- |
hyde treated vaccine, and subsequently with live culture,
The agglutination reaction titers with live cultures were
equal to 1:6400 to 1:12800.

In four cases the a2nti.ody titer to the relatively
thermola®ile antigen, was equal to 1:1600 and with one {
Flexner's type £ culture strain number 37 the viter was more |
than 1:3200, for the serums obtained by adsorption of the
autoclaved cultures, i.e., the cultures containing only
the somatic antigens.

Subsequently, we studied the immunogenic properties of

+
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" the cultures on mice. To preserve the thermolabile antigen,
mice were immunized with formaldehyde treated vaccine.

Thirty mice were used for each culture. R  :ﬁJ

Each mouse was injected subcutaneously with two doses BN

. of 250 million microbes of the formaldehyde. vaccine in 0.5 . f
ml volume with a seven day interval between the two injections. “ﬁ

. On the tenth day the resolving dose of the culture was intro- i

duced intraperitoneally. The mice were infected with one
and two Dcl (fifteen or ten mice per. dose). .

‘The results of the experiments indicatc high immunogenic
properties of the formaldehyde treated vaccine (Table 1).

Table 1,

Immunogenic Properties of Flexner's Type ¢ and f
Dysentery Culture.

- ———« - ... -
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Kymtypa Oaexcuepa 1 | 2 M
. a. ] 3 BHKHDECMOCTD MumeR (3 M) . ¢
p Tura ¢ wvaux 580 ; 95 o - . .
D Tuna ¢ wraun 144 . 9.7 Ho-
D Tuna ¢ wr v 490 80 40 i
! . CTuna 2 wramx 66 0 50
j CTuna f mvaum 87 ‘ .0 20 -

| Key: a- Flexner's culture; b~ <type ¢ straing
‘ c- type f strain; d- resolving dose (in Dcl);
e= survival of mice (in %).
From the above dysentery cultures, complete antigens
were produced by the hypogeal industrial culture method
(in a reactor with aeration!’. FO
In the process of the preparation of comrplete antigen :

) (during the growth of the culture) samples were takan from .

i the reactor periocically in order to study the intensity ;
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‘of‘thg_cultﬁre growth and the stability of the thermolabile
Qﬁtiqén titers. The ihtensity of the growth of the dysentery
culture was determined from the increase of the bacteria
gdunt, by taking samples every two hours beginning with the

i fourth hout after the beginning of the experiment, and
';* c°ntinu1nq for the next sixteen hours (Table 2),

‘ ;

Table 2,

Intensity of Growth of Dysentery Culture in the Reactor
‘ ’ with Aeration.

B Koauuecrno Hyabrypf (5 Mapa. Muxpobuux Tea)

Bucaka 1o wa- ¢ ‘backenepa Tuna f | q®ackevepa Tina ¢
_ cam pocra g Wrawnx
& 49¢ . 66 l 37 [ 580 i 14
R Y n 9 2 | 9 19
!

¢ 1 % 2 oo %

8 . 30 25 ] 30

10 & 35 3 29 33

12 3 42 41 4 3

? 1 i 1 Q ® al 3 8

E ‘ 16 “ L1 - $0 3%

{

S Key: Sampling according to the hours of growth;

‘-

b= Amount of cultura (in billion microbes);
= Flexner's type f; d- Flexner's type c;
&= Strain number.

L]

0

The microbe count determined in samples of broth culture
by hours, increased rapidly and reachéd 41 and 55 billion/mil
for Flexner's type £ culture and 3% billion/ml for Flexner's
% ; type C culture by the sixteenth hour of growth. It should
‘ be noted that certeir cultures, {for example, Flexner's type
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© strain number 144 and Flexner's type f strain number 37

compieted their growth by the twelfth hour, since the microbe
count by the sixteenth hour remained the same.

It was of great interest to observe the'changes of the -
thermolabile antigen titer during the growth of the culture
in the reactor with aeration. For this pﬁrpose the broth
culture, sampled from the raactor every two hours during | .
the growth, was used in an open—agglutination réi;tion with
the adsorbed Flexner's .type ¢ and f serums, i.e., with serums
void of antibodies to somatic antigen  (Table 3).

Table 3,

Titer of Thermolabile Antigen of Dysentery Cultures o
During the Growth in the Reactor with Aeration .

€  KymwTypa i
: c Onexciepa tina f | o Saexexeps Tuua & . ' R
| . Buemxu no vacax pocra £ liraun ' ‘
' 4% |- 37 | 8580 I 1
hy ' g Tutp
- bHexorumit Qa‘repnaa 1:1500 1:3200 1:1600 1:1600
4 1:1600 1:1600 1:1¢00 1:1600
6 1:1609 }ﬂ&b 1:1600 1:800
8 1:400 1: 1600 1:1600 1:800
10 1:400 1:800 1:800, 1:800
13 " | a0 | 1:800 1:400 1:800
14 1:400 1:000 | 100 | 1:800
. 18, . 1:400 i - 1:400 1:000

Key: a~ Sampling by hours of growth; b= Starting
material; c¢- Plerner's type £f; d- Plexner's
type ¢; e~ Culture; f£- strain; g- titer.
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In growing Flexner's type ¢ and f cultures in the re-
etor with aoration, the thermclabile antigen titer after

_,;w-eight tn ten hours of growth gradually decreased in compurison
" 'with the starting titer. By the end of the growth of the
..~ culture (i.0., in sixteen hours, as it is normally accepted in
_ production practice) the titer of the investigated cultures
” oecroasod by a factor of four as compared with the .iter of

the starting culture, grown on the slanted agar. In the

- production culture of Flexner's type c strain, number 144,

the titer decreased by a factor of two after six hours of
growth and subsequently the thermolabile antigen titer remained
unchanged. " '

The obtainéd cesults are important, as it was found
that prolonged growth of dysentery culture with aeration
leads to the lowering of the thermolabile antigen concentration.
This is also applicable to production strain 144 containing
this antigen. .It is, therefore, necessary to find conditions
under which the relatively thermolabile antigen would be

preserved, specifically the use of a shorter culture growth

time.

Subsequenﬁly, we studied the following stages in the
production of complete antigens - tryptic boiling of the
dysentery culture. The rate of boiling of the culture was
detorminad by the microta count after four and forty-eight
hours of growth.

The results of the experiment have shown that the
digestion of Flexner's type f cultures occurred very slowly
in comparison with the digestion of Flexner's type ¢ culture.
It can also be noted that the digestion of Flexner's type
f cultures in the period starting with the fourth hour,
through the forty=-eighth hour increased very little.
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Characteristics c¢cf Complete Antigens

One of the basic questions is: does a relatively thermo=
labile antigen exist in the experihental series of complete
antigens which we cbtained, and does it exist in the pro-
duction series obtained on the basis of Flexner's type ¢
culture strain 144, also containing, according to our data
the thermolabile antigen? | |

It was found impossible to determine the presence of
thermolabile antigens in complete antigens in the direct
experiment with the precipitatioh reacticn using adsorbed

s el

serums and complete antigens, since the serum, diluted after .
adsorption in 1:50 ratic, did net produce a ring during
stratificatio=. ‘

We were also unable to detect the presence of thermo-
labile antigens in the complete antigen in the second ex-
periment involving the precipitation reaction with complete
antigen, both native as well as autoclaved .*'n which thermo~ -
labile antigen was destroyed).

The precipitation reaction titer with the autoclaved
complete antigens remained almost the same as with natl-ve
complete antigen in nearly all of the cases.

A third experiment was conducted using the agglutination
reaction with rabbit serums, immunized with complete antigen,
adsorbed by the homolytic autoclaved culture, i.e., with
serums which did not contain antibodies to somatic thermo=
labile antigen. The agglutination reaction was conducted
with the live cultures. The existence of the positive ‘ .
aggiutination reaction would indicate the presence of anti-
bodies tc thermolabile antigens in the serum and consequently,
the presence of thermolabile antigen in complete antigen, used
for tne immunization of rabbits during the production of
these serums (Table 4).

The serums of rabbits, immunized with complete antigen,
adsorbed by autoclaved homolytic cultures, give a positive

e i AR TR R AL 4Bt T 0 31 15 s
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wagﬂlutination reaction with live cultures at the 1:400 and
1:800 dilution of Flexner's type f serum. With similar
exporimental Flexner's type c serum, the agglutination titer
was 8significantly lower (::200).

Table 4.

Antibody Titer to Thermolabile Antigen in the Agglutination
Reaction with Adsorbed Rabbit Serums, Immunized
with Complete Antigens,

& Xusas kym.iypa T
. : £ dacxkenena tuna f l@ncxcmpa THHE ¢
a CusopoTka : ROAHOMY : A Llrawm
_suvHreny Onexcuepa p ; o1 4% i 550 !i 144
4 Tatp
b Tuna | wrann 37 1 11860 | 13400 | 1:400 - -
D Tuna f wvans 66 14200 | 11400 | 15200 - -
"DTuna | wramu 90 14500 | 11800 | 11800 - —
. ¢ Tuna ¢ wramn 580 - - - 13200 13200
C Txna ¢ wramm J44 . - - - 11200 11200
Tipour poactuciiuoMy Yria ¢
a ':'2; 326 mnuv.ylﬁ - - o 11800 11800
IpoxssoAcCTOONNONY THAA € ;
‘é:p. §02 mnuayl« . - - - 1800 11800
TTPORIDOACTEHNIOMY THB € ' )
cep. 638 mranm (44 -— ‘ - - 11200 { 14200

Key: a= Serum to compiete Flexner's ant'geng
b~ type f strain 37; c- type ¢ surain 5803
d= production type ¢ series 326 strain 144;
e= live culture; f- Jlexner's type f;
g~ Plexner's type c; h~ strain; i- titer,

0f the three rabbit serums imnunized with industrially

produced antigens of Flexnex's type ¢ culture strain numoer
144, in two cases antibody titer for tite thermolabile antigen
was aqual to 1:800 and in one case it was equal to 1:200.
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The results obtained in this experiment convince us that
thermoiabile antigen is preserved in complete antigens, hut
it is there in very small amounts. | |
We thus observed the change of the thermolablile antigen - o
titer throughout the whole process of the preparation of
. complete anéigen. On the basis of the above investigation,
one mav conclude -that the principal loss of the ‘thermolabile
antic2n occurs in the course of the growth of the culture in
the reaétor with aeration. However, there are apparently
some factors which affect the lowsring of the thermolabile
antigen titer in further preparation processes of complete
" antigens, as indicated by the low thermolabile antigen titers
in the complete antigens which we obtained.
We evaluated the quality of the obtained complete antigen
on the basis of complete antigen precipitation reaction titer
j : with hyperimmune serums of rabbits immunized with live
i culture. For a control we conducted experimernts with the
industrial Flexner's type c complete antigen, obtained at
the end of 1956 and at the beginning of 1957.

The positive precipitation reaction with complete antigen,
prepsred from the investigated Flexner's type f culture, was
found in 1:128000 to 1:256000 titers. In complete antigens
P from Flexner's type ¢ culturce positive precipitation re-

! action was noted in titers equal to 1:64000 to 1:128000. The
titers of five production control complecte antigens, pra-
pared from Flexnec's type ¢ culture strain 144 were analogous. | g

i o o AN O e s .

Toxicity of'Comglete Anticens

Each complete antigen in 0.5, 1.2 and 4 mg. amounts
was irtroduced 1ntraperi§onea11y into mice in 0.5m1 volume. |
Pive animals weras used for each doss. The mice wer observed
for <hree days. It was found that coaplete antigens, obtained | '}
from Flexner's type £“cu1turq, are much less toxic in com~
pariscn with complet® antigens of Plexner's type ¢ culture,
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with the exception of the Flexner's type f culture strair

E number 66 antigen.

The toxicity of the investigated complete artigens

"~ 4s shown by the ciéhty to hundred percent death of mice

upon injection of 1 mg of complete antigen., The lower dose
(0.5 mg) did not cause 100% death of the mice. Thus, the
toxicity of the investigated complete antigen differs 1little
from the.toxicity of the control antigens produced industrially.

<n order to determine the antigen properties of complete
antigen, obtained frcm the selected cultures, the rabtits
were imnunized and their serum was studied in serological
agglutination and precipitation reactions.

The positive precipitation reaction was noted at complete
antigen Gilutions equal to 1:64000 to 1:256000.

In the agglutination reaction, conducted with the same
serums and homologous cultures, the positive reaction was

- noted at 1:3200 and 1:6400 dilutions of the se: -, Only
with one serum of rabbits immunized with completr antigen of

Flexner's type ¢ culture strain number 580, the positive

" reaction was noted at 1:1600 dilution.

On the basis of the serclogical study of rabbit serums,
immunized with complete antigen, obtained from the cultures

’contuining relatively thermolabile antigen, one may conclude

that the above complete antigens have antigen properties and

do not differ from the industrially produced complete antigens.

The principal evaluation of the quality of the complete
antigent in industry is conducted on tha basis of their
ismunogenic indices. The immunogeni - indices of the experimental

~conpletqantigcn were checked on mice, also according to the

instructions established for the approbation of the induatrially

. produced series.

The immuniging dose of comp;eho'kntiqen, eqﬁql‘to'O;OGZS

’ag; was singly inje ted in’o mice subcutanaously with déﬁot

in 0.5 ml voluma. On “ra tantk day the dose of pruliminacily
titrated cultuze in 0.3 w1 2fch 0.3 ml of 0.4% import agar

 was introduced intraperitoneslly.. Geneca:iy thirty mice




were immunizaed with the antigen. The infection was made in

three doses, ), tne and f£wo Dci - ten mice for each Adose
(Table 5). |

Table S.

Immunogenic Properties of Complete Antigen of
Flexiner's Dysentery Culture

Type of culture ';
3 ¢ 1 : '%f
Infaction do. e ' : §
(in Dcl) Strain
490 66 | 37 580 | 144 i_
Survival of mice (in %) { i
l- S0 60 40 73.3 76.6
2 30 | 4 | 10 - - §

During the immunization of mice with complete antigen
of Flexner's type f strain number 66 and 490 cultures sixty
and ninety percent survival of mice was observed, while for : 3
complete antigen strain number 37 only forty percani survival ~ i
was observed when the infectici dose was equal to one Del. -

During the immunization of mice with complete antigen
of Flexner's type ¢ culture and the infectious dose of one
Dcl the survival of aice was equal to 73.3 and 76.6%. On g
ths basis of these data one me- conclude that complete oo
antigens, obtained from tho selected cultures, containing " ;
relatively thermolabile antigen, contain sufficiently high
imauncgenic properties.

ra
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.We have shown that in obtaining complete antigens from
the selected cultures, the relatively thermnlabile antigen
-which they contained is lost to a significant extent in the
course of culture growth in the reactor with aeration. The
thermolabile antigen in combination with somatic antigen, in
combinati. 1 with csomatic antigen plays a significant role

in the formation of immunity. ' ‘

We were unable to detarmine what factor affects the
lowering of the thermolabile antigen titer during the growth
; of culture by the reactor method. It was found however, that :
‘@3“ with increase of the microbe mass the cthermclabile antigen ;

titer slcwly decreases. This lowering for different cultures !
is noted primarily after an eight to twelve hcur growth. It
was noted at the same time that with two Flexner's type c
cultures strain number 144, and Flexner's type f culture
strain number 37, the microbe count ceased to increase after
a twelve hour culture growth. With other cultures, the

microbe count increases very insignificantly after twelve

and fourteen hours. i
On the basis of this,one instahtly thinks of the

possibility of shortening the growth period for dysentery

cultures in the reactor in order to minimize the decrease

i of the thermoliabile antigen titer. It is apparently also

necessary to find <onditions for increaéiﬁg the rate of

digestion of the microbe mass of Flexner's type f culture and

to terminate the digestion at the time when the antigen

; yield is the highest.

i The results, obtained in the determination of the toxicity

! antigenic properties and immunogenic properties of four complete

antigens show that three antigens (Flexner's type f culture

atrain number 490, and 66 and Flexner's type ¢ culture

strain number 580) differ very littla from complete antigens.

of tha industrially orrduced antigen from Flexner's type ¢

culture strain number 144, This verifies the possibility of

passing these cultures into production for the final
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evaluation of their properties under industrial conditions.

Cbnclusions

l, In selecting Flexner'é type ¢ and f dysentery
cultures, it was shown that cultures containing the thermo-
labile antigen,display high immunogenic properties.

2. In the preparation of complete antigens from
Flexner's type ¢ and f dysentery cultures, containing thermo-
labile antigen significant lowering of its titer (by a factor
of four) was noted aft.r sixteen hours in the course of the
growth of the culture with aeration. The complete antigen,
produced from dysentery culture, containing thermolabile
antigen, contained it in low titers. _

3. Complete antigen:, produced from select cultures,
still contain sufficiently high antigen and immunogenic
properties, not differing from the properties of complete
antigens obtained under the industrial production conditions
from Flexner's type £ and c cultures. .

4. In the process of the production of these antigens
from Flexner's type f and ¢ dysentery cultures it is necessary
to find conditions which would insure the preservation of the
thermolabile antigen, which in zonjunction with the somatic
antigen plays au important role in immunogenesis.
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PROPERTIES OF COMPLETE ANTIGENS, OBTAINED BY
DIFFERENT METHODS FOR INCREASING
THE QUALITY OF THE FLEXNER'S B
DYSENTERY COMPONENT IN
POLYVACCINES
by ‘ ‘ , | A

M. I. Igantova, Depactment of Micrcbiology
(Professor V. A. Krestovnikova
in charge)

In recent years more and more frequently one confronts
an opinion of the investigators regarding the low effectiveness
of the preparation for dysentery inoculation, particularly
polyvaccine, Thus, for example, Devoyno in epidemological
observations (1959) noted that polyvaccines produced by the
Institute im. Gamaley and by the Moscow Scientific Research
Institute of Vaccines and Serums im. Mechnikov were in-
effective with respect to dysentery. The inoculation also
did not have any significant effect on the inrectious process
in the inoculated patient and did not+ shorten it in comparison
with those who were not .inoculated. |

The prnblem of improvinc the cuality of tne dysentery
component in the vaccine should be viewed from all aspects.

It is widely known that in order to cbtain an effective typhus
abdominalis preparation selection of strains, containing Vi-
antirens and possessing bLetier immunogenic quaiities is re-
quired,

In addition to the cnoice of cultures the method of the
growth of the culture may have a significant effect on the
production of complete dysentery antigens which comprise
one of the compenznts °f polyracclrz.

The nature of immunity during this infection may be
very significant for the effective control of dysentery. It
should be pointed out that all of theize questio~s i.ave not

been answered yet. There is nc unified orinion, particularly
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with respect to the effect of typical properties of Flexner's
dysentery causal organisms in the production of immunity.
Certain investigators believed only in the immunity pertaining
to species (Kashayeva and co-workers). Others, for example
Yakhniaa (1949), Zzak (1951, 1952), in the study of passive
immunity came to the conclusion regarding the presence of

a sharply defined type related immunity.

There are also investigators who believe that in the
case of Flexner's dysentery there exists not only a type
related, but also an intertypical immunity. Thus, Yakhnina
(1949) notes that antimicrobe immunity in the homologous type
of Flexner's bacteria is significantly more pronounzed and
reaches 90 to 100% protection for mice, while for heterologic
types only 24 to 45% protection is reached. Zelekina and
Khabas (1944) who studied the immunity caused by the cor=
puscular vaccine in complete antigen for Flexner's bacteria,
arrived at the analogous conclusions. According to the data
of these authors vaccines and complete antigens are almost
equally immunogenic and cause protection to the homologous
cultures to the extent of 35 to 90%, while with respect to
the heterologic cultures, the protection is only to the
extent of 4.7 to 50%. The authors conclude that in order
to obtain immunity with respect to five serological types of
Flexrier's type microbe ic is sufficient to immunize animals
with only three of the types, i.e., types ¢, f and e.
Naryshkina (1959) came to the conclusion tlat in the presence
of a large number of serological types (fourteen), it is
extremely significaut to select the appropriate strains ‘
which would contain several of the leading types of antigens
and would possess sufficiently pronounced immunogenic pro-
perties. This author was able to select only twelve out of
1260 strains which containsd three or four typical antigens.
However, in evaluating the immunogenic properties it was
found that polyantigens of dysentery strains cannot replace

«209-
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the vaccines with type specific strains. Finally, Potapchik

(1959) in the immunization of mice with 2 mixture of mono=-

vaccines obtained immunity which was equal in strength to

‘he average of the typical ard the specie related immunity.
In our work, concerned with the improvement of the

quality of the dysentery component in polyvaccine, we were

faced with the following problems:
" ls To select the most immunogenic cultures from the
cultures of Flexner's types c, f and e bacteria, and tc

-attempt to explain the presence of thermolabile antigen,

analogous to Vi-antigen of typhus abdominalis culture, as
well as to determine its significance in the production of
immunity.

2. To compare the immunogenic effectiveness of complete
antigens obtained in growing the microbe mass on aga: and in

reactors with aeration.

3. To evaluate the immunogenic properties of complete

"antigen, obtained from the experimental mixture of five

types of Flexner's cultures.

In our work in 1957 and 1958 the presence of labile
antigen in the majority of Flexner's types c, f and e dysentery
cultures was shown and its great significanc: in the formation

of immunity. However, we noted that in grow ng the microbe

mass in the reactor with aeration lowering of the labile
antigen titer occurs. The low indices of the labile antigen
were also observed in complete antigens, obtained by the
above method of growing of the microbe mass. This necessi-
tated the study of the immunojenic properties of compelte
antigers obtained from the microbe mass, grown in the re-
actor and in agar in a comparative experiment.

To resolve these questions, three series of complete
antigen from the production culture of Flexner's type ¢ strain
516 bacteria were obtained. Two of them were obtained from
the m.crobe mass grown on agar, and one from the microbe
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mass grown in the reactor with aeration by the industrial i ]
production method. Flexner's type e strain 516 was agglutinated %gf
with hyperimmune rabbit serum of the homologous type at 5
1:2800 dilvtion. The serum absorbed by the autoclaved culture
. (i.,e., free of antibodies to somatic antigen), produced

positive agglutination reaction at 1:1600 dilution, which we .
call labile antigen culture titer. It was found that after an
eighteen hour growth ir. the thermostat, microbes from the agar
wash had a labile antigen titer equa’ to 1:800, while microbes
obtained from the reactor after a sixteen hour growth had a
titer egual to 1:400, |

Thus, we noted that labile antigen titer decreased by
a factor of two, when the culture was mass grown on the agar
matrix, while in the reactor it decreased by a factor of four
in comparison with the starting labile antigen titer of the
culture which was taken for seedinr,

Subsequently, a method used for obtaining whole antigens
from the microbe mass, grown under different conditions, was
the same (tryptic boiling). The quality of the obtained
complete antigens was determined both in serological reactions
as well as in experiments on verifying the development of
immunity in mice.

In the precipitation reaction, complete antigens, ob-
tained by the agar method, had indices four times higher in
comparison with complete antigens obtained by the production
method. It should also be noted that complete antigen of
sa2ries one, obtained from the microbe mass in agar, had an
ash content equal to 17.,7%, and in series two - 11.8%,
while the complete antigen obtained from the microbe mass
| grown in the reactor with aeration had a significantly hiqhor
? ash value - 49.8%.

The advantage of different methods for growing the
microbe mass for the production of complete antigens from
Flexner's dysentery culture should also be based on the
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indices of their immunogenic properties. The immunogenic

properties of the three above complete antigens were in-
vestigated. In our experiments we took twenty mice for

~each testdd dose '~

Table 1.

' Immunogenic Properties of Complete ..ntigens, Obtained
by Diftferent Methods of Growing the Microbe Mass of Flexner's
Type ¢ Strain 5.6 Culture,

Complete antigen
for immunization

Flexner's
culture

Survival of mice (%)

Amount of culture in-
jected (in Dcl)

Microbe mass from
agar series one

Microbe mass from
agar series two

Deep well method
with aeration
series 172

Control culture

tvpe ¢

type ¢

type ¢

type C

100 85 55 30
90 70 50 10

75 45 15 0

Two experimental complete antigen series, obtained from
the micrcbe mass of Flexner's type ¢ culture, grown on agar
had almost identical indices for the survival of the mice:
upon injection cf one Dcl 90 to 100% of the mice survived,
tow Dcl - 70 to 85%, four Dcl - 45 to 50%, and eight Dcl only
10 to 30%. The complete antigen obtgined in growing the sane
Plexner's type ¢ culture in the reactor with aeration had
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lower protection indices for mice: wupon injection of one
Dcl, 75% of the mice survived, two Dcl - 45 %, four Dcl =
only 15%. All of the control mice died upon the injection
of any of the abeve doses. »

Thus, ¢tomplete antigens, obtained from the microbe mass
of Flexner's type ¢ culture, grown on agar, are more effective
in experiments on mice from the standpoint of their immunogenic
properties in comparison with complete antigens obtained from
the microbe mass grown in the reactor with aeration.

Subsequently, considering the literature data and the
acceptance of the significance of typical immunity by the
majority of the investigators, one could think that the low
effectiveness of the polyvaccine in controlling Flexner's
dysentery may be explained primarily by the fact that the
polyvaccine includes only one type c. This cannot insure pro=-
tection against all of the other frequently encountered types
of dysentery. However, the impossibility ot hurdening the
polyvaccine by the inclusion of complete antigens of all five
types of Flexner's bacteria in the same ratios as type ¢ lead
us to the search for a new method whith would furnish the
polyvaccine with antigens of other types of Flexner's bacteria.
For this purpose, on the basis of the proposal by Professor
Krestovnikova, a study was undertaken of the properties and

" the immunogenic effectiveness of the complete antigen, obtained

experimentally from a mixture of five typical Flexner's cultures

-c, f, &, a and d (one billion microbes after an eighteen

hour growth of each typé of the culture)., After a thorough

mixing the mixture of cultures was seeded into a semifluid .
agar, from which in order to obtairn antigens bacteria were

seeded without passages through the organism of a carrier.

The mixture of cultures, seeded into the semiliquid agar pro=-

duced a positive agglutination reaction on the glass with all

five single type agglutinating serums. The same mixture of

cultures produced positive agglutination reaction with the
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included into the mixture, at the same dilutions of the serum

as a homologous culture, or sometimes one dilution lower
(1:3200 to 1:1600).

wWhen we were convinced that a mixture of cultures seeded

into a semiliquid agar contained all five types of Flexner's

culture, we simultaneously obtained from it complete antigen
of the microbe mess, grown in agar and the formaldehyde
treated vaccine.

The rabbits were immunized with the complete antigern and

'formaldehyde.treated vaccine for the study of the antigen pro-

perties of a mixture of cultures. The results of serological
investigations have shown that the mixed culture possesses
sufficiently well developed antigen properties with respect
to each of the five types of cultures, since hyperimmune
rabbit serums contain antibodies both to the hoﬁologous
mixture of the culture and to the typicai cultures, included
into the mixture in 1:1600 to 1:3200 titers. o

The principal evaluation of the quality of the mixture
of cultures with respect to each type of the culture is the
evaluation of the immunogenic indices.

The evaluation of the immunogenic pro; “rties of a mixed
culture was carried out on mice, immunizal with complete
antigen, and for control immunized with formaldehyde treated
vaccine, obtained from the above mixture of cultures. The
immunizing doSes, used in these experiments did not exceed
those established by the instructions of the State Control
Institute im., Tarasevich for each of the issued complete
dysentery antigens and formaldchyde trrated vic ines. The
mice were immunized with a single subcutaneous injection of
coxplete antigen with the depot dose equal to 00,0625 mg per
mouse. The mice were immunized with formaldehyde treated
vaccine as usual in two vaccinations subcutaneously with a
dose equal to 250 million microbes. Thus, during the immuni-

hyperimmune rabbit serum, immunized with a single type culture,
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zation both with complete antigen as well és with formalde~
hydé treated vaccine, obtained from a mixture of cultures,
the content of esch type of antigen in the immunizing does
was decreased by a factor of five, in comparison with the
doses used for the immunization of single type antigens.
(Table 2),

Table 2,

Immunogenic properties of complete antigen of formaldehyde
treated vaccine, obtained from a mixture of cultures No. 1.

e AnTHren Aas aMaynudanin suwmeft
Moanuf anturen d @dopNaLOonIR BAKUNNA
a Dumsuaey . :

3aDaXEINR Muied £ DHAKHBAEGNOCTH MMilleRr (b %)

. g Noza aan paspemenus (8 Del)
I
e 8 n,7 10 100 100
¢ 0 | % % % ©
f 90 0 £0 70 0
d 7 0 0 40 - %
""""" a 45 15 25 25 0
bKourpoas d 10 0 10 ] 0
a 0 $ 0 3 a
cef 0 ‘ 0 i 0 0 0

Key: a=- Flexner's type culture for the infection of
mice; b~ Control; c- Antigen for immunization:
of mice; d- Complete antigen; e~ Formaldehyde
treated vaccine; f- Survival of mice (in %)}
g- Resulting dose (in Dcl).

-

The absence of immunity of Flexner's type a culture is
apparently explained by insufficient immunogenic activity of
this type of culture. As a control we simultaneously checked
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the immunogenic properties of the formaldehyde treated vaccine,
also obtained from the same mixture of cultures. The highest
immunity indices were dispiayed wilh réspect to type e
culture (i,e., 100% survival of the mice upon injection of
doses equal to one, two and four Dcl, and 70% survival upon
the injection of eight Dcl). “he lowest indices w:re displayed
with respect to type a cuiture. .

it was of interest to compare the above results of the
survival of mice to each type of culture during the immunie-
zation with complete antigen, obtained from a mixture of
cultures with the survival of mice immunized by the same
dose of monotypic complete antigen (Table 3).

Table 3.

Immunogenic properties of the monotypic complete antigens
of Flexner's bacterla.

: Survival of mice (in %)
Type of antigen Type of :
ggrmigzunization cuéggre Antigen dose (in Dcl)
testing
1 2 4

e e 100 101 95

c c 100 85 -

£ £ 90 30 -

The survival of mice upon immunization with the monotypic
complete antigens type c and f was &nalogous to the survival
upon the immunisation with complete antigens from a mixture
of cultures. Tho survival of the mice was somewhat higher
for those immunized with a monotypic type e complete antigen.

Thus, it should be noted that the complete antigen
obtained from a mixture of five Flexner's type cultures,
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possesses high immunogenic properties of four types of
Flexner's cultures (c, f, e and d) without the increase

of the immunizing dose of the complete antigen, generally

used for the immunization of mice with the monotypic complete

antigens.

Thus, taking the results obtained in these investigations,
into consideration one may conzlude that at present there
are no bases for accepting the impossibility of ensuring
specific prophylaxis in the control of dysentery. There are
however, reasons to believe that at present, not all the
factors have been taken into account in preparing the prophy=-
lactic preparations.

The principal attention in this respect must be directed
to the study of the antigen structure: of the Flexner's
dysentery cultures, particularly in selecting the cultures
containing the labile antigens and the preservation of this
antigen in complete antigens.

Attention must alsoc be given to the problem of onsuring
the inclusion of antigens of the most popular Flexner's type
cultures into the preparation designed for porphylactic
purposes, In view of this, we believe that it is worthwhile
to collect immunogenic aata on the epidenological experiments
obtained with complete antigens from the microbe mass of
mixed culture grown on agar. One must keep in mind the fact .
that during immunization with this antigen the dose of the
introduced antigen is not increased, and at the same time
the immunity to four types of Flexner's bacteria ias deing
develoned.

It is of Jreat interest to study the properties of
mixed cultures, seeded into semifluid agar, upon storage and
their variability during passages. This will be the subject
of our future investigations. | '
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Conclusions

l. Complete antigens, obtained from a microbe mass of

' Flexner's type c dusentery culture, grown on agar, have

better serclugical and immunological indices than complete
antigens obtained from the microbe mass grown in the reactor
with aeration.

2. The experimental culture mixture of five types of
Flexner's bacterla were seeded into semifluid agar and not
passed through various media. It possesses sufficiently well
expreséed ar.tigen properties with respect to each of the types
of bacteria which were included into the mixture.

3. Complete antigen, obtained from a mixture of five
types of Flexner's cultures during the growth of the microbe
mass on agar, in experiments with mice produces high immunity
indices to four types of Flexner's cultures (¢, e, f ard 4d)
without the increase of the established immunization dose
for the injected antigen. The survival indices for mice
meet the requirements for the preparation of zomplete antigen
for preventative purposes.

4. The epidemological study of complete antigens obtained
from a mixture of five Flexner's type cultures, grown in agar,
must be conducted.
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W h e e 3

STUDY CF THE PRINCIPAL PROPERTIES OF DIPHTHERIA
DIAGNOSTIC PREPARATIONS AS A FUNCTION OF
THE DURATION OF THEIR STORAGE

(Communication I)
by

N. A, Kravchenko and V, B. Sadykova, Laboratory
far Children's Infections (Candidate of
Medical Sciences Yu. A, Dubovikova,
in charge) y

The most popular practical serological method of investi~
gation is the agglutination reaction, which is used for the
diagnosis of many infectious diseases. This reaction was not
used in the study of diphtheria infection until very recently.
Chly the serclogical type of diphtheria microbe was determined
by means of this reaction (Bell, 1922; Smith, 1923; Hammer~-
schmidt, 1924; Orr, and Eusing, 1933; Robinson and Pceney,
1936; Murray, 1936; Hewitt, 1947; Huang, 1949; Ivaneko, 1940;
Yablokova, 1952; Tarasyuk, 1954; Kochurovskiy, 1956; Davydova
and cc-workers, 1956 and others). | '

Certain authors recommended this reaction for differcenti-
atiocn of the diphtherial microbe from other representatives
of the Corynebacterium genus (Lyubovskiy, 1900; Schwonner,
1909; Langer, 1916; Tarasyuk, 1955; Nemchenko, 1955; Sadykova,
1958).- v

The possibility of detecting specific agglutinins in the
serum of the diphtheria patient by means of the agglutination
reaction was proven by many Soviet investigators (Delyagina,
1950; Fisher and co-workers, 1956; Finkel'shteyn, 1956;
Markova, 1956; Vvedenskaya and others, 1956),

The possibility of using this reaction for the retro-
spective differentiation of a typical form of diphtheria
from nonspecific angina in diphtheria bvacteria carriers,
was s::Jied by Delyagina (1956), Sukhareva (1957), Aliyeva
(1956), Tsimbalist and Ivanov (1958) who recommend it for

use in everyday practice.
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On the other hand, Kroger, Thofern and Schulz (1952),
Grinshteyn (1957), Shiryayeva, Filosofova, Shekhter (1958)
consider that the so-called diphtheria "vidal" [a diagnostic
preparation] must be viewed very critically. Fisher and co-
workers (1956), Finkel'shteyn (1956), Markova (1957) and
Khrushcheva (1959) recommend that the agglutination reaction
be conducted with live diphtheria cultures, Under the
practical laboratory conditions, this is associated with a
great number of difficulties (storage of the pathogenic cultures,
preparation of microbe samples, etc.). Other investigators
(Delyagina, 1950; Sviridenko and Aliyeva, 1950) used formalde-
hyde treated dead diphtheria cultures for this purpose.

The instructions for the production, control and use of
the diphtheria diagnostic preparation was developed by
Delyagina, a staff member of the Moscow Scientific Research
Institute of Vaccines and Serums im. I. I. Mechnikov, and
ratified on February 28, 1957. ’

In order to verify the agglutination reaction value
to obtain extensive practical experience it was necessary to
produce diphtheria diagnostic preparation under industrial
conditions and to study the principal properties of this
preparation as a function of the storage time. This work
was conducted in the course of 1957 to 1958.

During the preparation of diagnostic reagents, the
existing instructions were strictly followed. The diphtheria
cultures were selected and studied according to the instructions.

For the production of diagnostic preparations, strains
of different serological type of diphtheria cultures were
seeded into two to three test tubes with coagulated normal
equine serum and placed into a thermostat for twenty=-four
hours at 37°C. The culture grown was washed with 10 ml of
3% sodium chloride solution, the pH of which was equal to
7.6, established by the addition of a 5% solution of NajHPO4.
Subsequentiy, 10 inl of the culture were seeded on mats with
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20% serum agar. After an 18 to 20 hour incubation of the seeded
mats in the thermostat and after evaluation of the purity

(microscope smear) the culture from each mat was washed with

30 to SO0 ml of 3% saline solution of pH 7.6 and collected into

.sterile bottles, After determining the concentration of the

culture (according to the optical standard method of the State
Control Institute im., Tarasevich) the obtained suspension was
diluted with three percent NaCl solution to a concentration

of one billion microbes per ml. A 0.1% solution of commercial
formalin, with the established neutral reaction was added to
the microbe suspehsion.

The obtained mixture was left for three days at room
temperature. After three days the sterility of the solution
was checked by seeding it on the following media: two test
tubes with coagulated serum; two test tubes with tapered agar
gel; two teSt tubes with beef-peptin broth and 0.5% glucose and
two test tubes with Kitta=Tarocci medium. The seeded test
tubes were kept in a thermostat at 37°C for five days. 1In
addition, Saburc and beef-peptin broth (two test tubes each)
were also seeded, and kept at temperatures ranging from 20
to 22°C for five days.

When the seeded control contained diphtheria bacilli

* growth the diagnostic: preparation was kept under the same

conditions for an additional three days, after which the
repeat seeding was conducted to determine sterility. When
the microscopic smears of macroscopic examination of the
seeded cultures indicated the presence of the vulgar micro-
flora, the diagnostic preparation was destroyed. Prior to
distribution into ampules, the diagnostic prepacation was
checked for its agglutinating ability with homologous
agglutinating serums. Subsequently, the specificity was
checked with three serums of healthy people and three serums
of patients with fever.

The whole batch of diagnostic material, obtained in one

day from one suspension, collected together comprised of one
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series. Prior to each experiment diagnostic preparations.
should be well shaken and filtered through cotton, plaged on
the tip of a Pasteur pipet. The results of the reactions
should be judged by the naked eye or through a lens.
The duration of the usefulness of the diagnostic pre= - g
. paration from the day of its synthesis according to the B
instructions was eight months. : %
The diphtheria culture preparations which we used were %
stored in the laboratory in dry form for several years (four |
cultures were stored for two to 2.5 years, and one culture
was stored for four years). The drying was conducted after
the study of all of the properties of the ~ulture at the
time of its transmittal to the museum.

The cultures were checked for all of their properties,
generally one to one and a half months prior to the synthesis
of diagnostic preparations and were found to satisfy all of
the requirements specified by the instructions.

In the course of all of this work one and the same dry
agglutinating rabbit serum with titers equal to 1:1600, 1;3200
was used,.*

* TCrior to use all glassware was checked for the
alkalinity cf the glass.

The following properties of the diagnostic preparation
were checked: concentration of microbes, agglutinating ability
(homologous and heterologous) and also the pH of the solution.
At the beginning of the work our laboratory had some diagnostic
preparations which were stored for different perlods of time
(one to five months). Nineteen series of the preparations
were studied. Twleve series of the preparations were stored
after the synthesis, in a refrigerator at ¢ to 6°C and
seven series were stored at room temperature (ranging from
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20 to 25°C).

By the time the preparations were issued,

“.ve of the

seven series stored at room temperatures did not meet the

requirements as specified in the instructions with respect
to one or several of the indices (e.g., group reactions were
higher than the permissible titers or preparations prcoduced

nonspecific reactions).

By the time of issuance, twelve
series of the preparation stored in the refrigerator,ret all

the requirements as «pecified by the instructions. (Table 1).

~ Table 1.

Changes of the principal indices of the preparation as
a function of the duration of storage in a refrigerator.

a i g Cpok xpauncusts (8 Meciax) :,l,:.:.-‘."h.) ;;
. priver v K-
e Tlokasarenw T A T T MR N
9 . i ! - VBORA3NTE.
F b b ‘l 3\ 4{ si G‘ ! ; b. 9 .'.;a.\xukh
(A j
pH 5/54/4?/2—'-‘"-”:‘1}"!—; 1
Konuentpauus € t b b
MitkpoGos 5/0 {571 |40 372 S/ai - 10— - ; 3
Creaens  arrao- | :
TinaduabiocTt € .
i roxoorisuol g
12 | cusopotxoit 50 |9/011027/0 161 | — 1401 = 1221 3
Fpynnosax arraio- k
THHaduAsHOCTY €@ ¢
sMlLe  ZORYCTM- | | !
MOrQ THTPR 80 [9/4 21 1411 '6/1 -0 - - 7
7 ;
Creunduenocrs £ |53 11 313 14/3 ‘30 - 31/05 -l=, 8
' A

Note:

numerator = number of the investigated series;

derominator - number of series with changed indices.

Key: a= Number;

microbes; d-~
homologous serum; e-
the permissible titer; f-

b=~ Index; c¢-

Concentration of
Degree of agglutination with
Group agglutination above
Specificity;

g~ Duration of storage, (in months);
h= Number of series with changed indices.
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For different series of preparations the pH was measured
one to eight times. The lowering of the pH was observed in
all series, moreover, sighificant changes were observed from
pH 7.6 to 6.0 to 6.21 in eight of the series. In six series
the pH having decreased somewhat remained at the same level,
in some series for as long as five to nine months. In six
series the pH continued to decrease from month to month. The
lowering of the pH occurred soon after the synthesis of the
diagnostic preparation, thus from five, four and two series,
studied after one, two and three months respectively, lowering
of the pH was detected in all series at the moment of measure-~
ment.

The concentration of microbes was checked for different
series one to five times, four to five tihes more frequently.
After one month, five series were checked. All of them
i contained the starting concentration of (2 billion/ml) microbes.

The same level was retained in four series after two months.
In one out of five series the concentration after two months
. decreased to 500 million, i.e., to one quarter of its initial
level. 1In two out of three series checked after four months
the concentration decreased by a factor of two, After five
months in three series the concentration decreased from one

billion microbes/ml to 500 million microbes/ml and in two
others it decreased from two billion microbes/ml to 1.5
billion microbes/ml., In four series the concentration re~
mained without change in the course of five to seven months.
Thus, in eight series lowering of the concentration of
microbes was noted. In individual series it decreased after

two months, while in the majority it decreased after four to
five months.

The initial agglutinating properties were retained com-
pletely in nine series of the diagnostic preparation in the
course of the whole series of observations (seven to nine
months). Only ir three series lowering of the titer by a
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factor of two to four was noted after three, five and nine
months of observation respectively.

The existence of group agglutinating ability was verified
in each series two to seven times, (four to five time in the
majority of cases). By the time of the issuance of the
dlagnostic preparations, seven out of twelve series of pre=
parations did not produce any group aggiutination reaction,
while in four series this reaction was obse-ved a* 1/16 and
in one series at 1/32 of the level of the principal titer.

In two series the existence of group agglutination ability
was not noticed until the end of the experiment.

' In three series group agglutination reactions took place,
but within the limits of tne titers permissible by the.speci-
fications. 1In seven series monthly increase of the group
agglutination reaction titer was noted and after two to four
months it became higher than speciiications permit. The
existence and the increase of the group agglutin:ition reaction
titer was noticed in the first few months with serums of
different serological types.

The evaluation of the specificity of the diagnostic
pfeparation was conducted with the serums of feverish pa:ients

-and with the serums of healthy people. The existence of non-

specific reactions was noted in nine series of diagnostic
preparations during the evaluation in the course of one %o
four months storage; in three out of five, in one out of

. two, in two out of three and in three out of four series

respectively. The nonspecific reactions amounting to 1:50

. titer were observed in four out of nine series {(five out of

seventeen, four out of ten, and one out of six respectively),
and in 1:100 and higher titers in five series, The number
of serums with which diagnostic preparations produceé non=-
specific agglutination reactions, are sometimes very great,
thus for example: three to four months after the synthaesis
of the diagnostic preparations 27, 41 and 17 serums out of
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127, 120 and 21 evaluated serums respectively, gave positive
results 13, 17, &nd 17 serums in each of the above series had
titer equal to 1:100.

We were unable to establish any relationship between the
individual properties of the diagnostic preparations. It was
established that four series which decreased in pH insigni-
ficantly to 7.4 were different with respect to all other
properties. In the diagnostic preparation of one series, all
the other indices did not change, while irn three other series
lowering of the standard by a factor of two and the occurrence
of nonspecific reaction was noted, while in another series
lowering of the group reaction was observed.

In four series the pH decreased to 7.2 to 7.0, In one
series, the formation of a flaky sediment in the diagnostic

- preparation was observed. The characteristics of the other

series were principally the same as those of the above described
group.

In four series the pH decreased to 6.88 to 6.0. The
diagnostic preparation of one series did not change in terms
of other indices. In four other series the development of weak
nonspecific reaction was observed (in four out of fourteen, one
out of six and one out of ten) in 1:50 titer, while in another
series the titer of the grcup agglutination reaction became
equal to the principal titer and sediment formation in the
diagnostic preparation was also observed,

Only three series of the diagnostic serum retained the
standard titer level and produced group reactions within the
permissible titers: nonspecific agglutination ability was
either abcent cr very weak at different pH values (7.0 7.4 and
6.8).

In four series the lowering of the stsndard titer coincided
vith a larg» number of group reactions and nonspecific reactions
at pH equal to 7.4; 7.29: o.4 and 6.6. The lowering of the
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‘ standard titer and a large number of nonspecific reactions
| also coincided in four series at pH equal to 7.4, 7.4, 7,2
‘ and 7.28. Only in one series of the diagnostic serum did the
lowering of the pH and the lowering of the titer with the
homologous serum coincide with the factor of two.

Thus, in the course of two to three month storage of
diphtheria diagnostic serums, lowering of the pH was noted
in twelve series, change in the concentration of microbes in
eight series, the occurrence and increase of group reactions

in seven series, and the occurrence of nonspecific reactions
in nine series.

T S R A T § TN 3 T 3 cha

In seven series of preparations, stored at room temper-
ature in the course of the first month of storage the pH
decreased from 7.8 to 7.4 to 7.5, while in six series,
lowering of the concentration by a facter of two was ob-
served (Table 2).

The initial agglutinating properties were preserved in

e e <

five series of the diagnostic preparaticn in the course of
fc .r months of observation. The change of these properties
was noted in three series of the preparation after three to
six montns.

The group reactions above the permissible titer occurred
in two out of four series of the diagnostic preparation, after
one month of storage, and in one out of two series after three
months of storage.

The loss of specificity was observed in three out of
five series after one month and in one out of two series,
after two months, i.e., in all seven scries of diagnostic
preparations changes of the principal properties were ob-
served: pH, concentraticn; specificity and agglutinating
abllity.

! Thuz, in the study of ninteen series of diphtheria
diagnostic preparations made from the same culture, &according
to the existing instructions, five series were found to be
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unacceptable for work at the time of issue, and fourteen

series were unaccepatble after one to three months of storage
in refrigerators and at room temperature.

Table 2.

Change of the principal indices of the preparation as
a function of storage time at room temperature.

Coctonune Cpor xpancuns ‘ Uneao copit
s nokasaze- | 4 (u wecinax) \ ¢ pavenein- €
%g [loxazatcan :xcnmx:‘:;o. ] | G iaNenen
F {? b BUnycKa C 1213 L 5 ‘ 6| 3ateaumu
b ‘
pH ’ 7/0 MMl === 7

f Konuenroauus

Q Croncun arraioTi-
HaGHALHOCTIE & TO-
MoJoTHUHGH CuBO-
poTKoft

Ipynnosas acraio-
THHASHABHOCTD
sawe a0n H0-
r0 THTPA

6/1

511

| Cocanguwwoers L1 72 |80 - | — |~

Remarks: the numerator indicates the number of serles;

the denominator designates the number of series with changed

indices.

a~ Number of series; b= index; c¢c- State of
indices upon completion of the preparation;

d= Duration of storage (in months); e~ Numbeu

of series with changed indices; f- <Concentration;
g- Agglutination ability with homologous sezums;

h= Group agglutinating ability ibove the permissiule
titer; i- Specificity.

conclusions

“he method, racommendad by Delyagina for the pro=-
duction of diphtheria diagnostic preparation does not insure
Lhe suitable gua.ity ©f the prueparation over the eight month
storage period as indicated in the ins:ructions. l
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2. The principal properties of the diagnostic pre-

k' : paration (pH, specificity, agglutinating ability, concentra-
E tion of microbes) are unstable even in the course of the first %
month of storage. :

3., At present synthesis of this preparation on the ;
industrial scale does not appear to be possible. ,
| 4. Tt is possible that part of the difficulty is as~ !
L? sociated with the additional industrial environment changes, :

since the experimental conditions and the industrial preduc=~

tion conditions are not equivalent. Eac!. of the preparations
must pass the experimental-~production _.hase, which has not
. been anticipated by the instructiocns.
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THE DEVELOPMENT OF METHODS FOR IMPROVING DIPHTHERIA ‘
DIAGNOSTIC | :EPARATIONS !

{Communication II)

Y)y

N. A. Kravchenko and *. B. Sadykova, Laboratory
of Infectious (hildren's Diseases
(Candidate of Medical 3ciences
Yu. A. Dubovikova, irn charge)

Up to the present time the diagnostic preparations for
diphtheria were preparesa in our laboratory in small series.,

In working with such s€ries Delyagina established that the
initial properties of the diagnostic preparation are stable

in the course of eight months. However, during the production
of the first series c¢f the diagnostic preparation under in-
dustrial conditions and during the study of its properties

at different storage times we found that its principal pro-
perties (pH, cancentration, agglutinating ability, specificity)
do not remain stable even in the course of the first few months
of storage.

The principal difficulties during the production of
diphtheria diagnostic preparation iie in that it is not
possible to obtain an absolutely homogeneous suspension of
the diphtheria microbes. The varying degrees of inhomogeneity
(amorphity according to Robinson and Peeney) are always
apparent and visible in the agglutinoscope, and in the case
of unfiltered preparation it is visible through a magnifying
giass.

In the attempt to prepare stable homogeneous suspensions
of the diphtheria microbes the use of high density liquias
(Lyubovskiy, 1300), mechanical effects (Eving, 1933; Hammer~
schmidt, 1924), selection of different concentrations of
hypertonic NaCl solution irom 0.85% (Kil'disheva and Potap-
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chik, 1937) to five percent (Ferris, 1950), diffcrent chenicals
such as polyhydroxymethylene, sorbinate, monoaliate, Twina=80
(Minzel and Freeman, 1950), <uspen810n of diphtheria microbes
in specific and nonspecific serums (Kroger, Thofern and

Schulz, 1952) did not produce any desirable results. Delyagina's
method also did not produce the desired results. She used

two .to three percent hypertonic solution of NaCl with pH egual
to 7.6 which permitted the productior. of only a relatively
homogeneous suspension, which could be stored for thirty days
at the most, It was found that during storage, the pH
decreased from 7.6 to 5.6 to 5.4.

Subsequently, in accordance with the proposal of shanina,
the pH of the hypertonic solution was stabilized by the
addition of a five percent solution of NajyHPO4. The use cof
this solution, according to the data of Delyagina, aided the
preservation of the initial titer and the pH of the diphtheria
diagnostic preparation at the 7.6 pH level in the course of
eight months. Nevertheless, prior to each experiment the
diagnostic preparation required vigorous shaking and filtering
through cotton, wadded on the end of the Pasteur pipet, and
the results of the reaction was determined by the naked eye
or with the aid of a lens. This indicated that these
diagnostic preparations can be considered only relatively
homogeneous.

The purpose of this work was to determine the cause of
the instability of the principal properties of the diagnostic
preparations and the development of the method for their
removal.

It is possible that it is necessary to conduct more
rigorous selection of the cultures, used in the production of
the diagnostic preparations (than was indicated in the
existing instructions), and to choose only the select gravis
and mitis type cultures, tested in a sample by boiling.

It is also possible that the concentration of salt ard
the pH indicated in the instructions is not the optimum, and
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also the culture medium may not be the most suitable for the
production of a homogeneous cuspension of the diphtheri:
nicrobes.

It is possible that the attempt to dry the diagnoscic
serum per se or in conjunction with fillers directly a:ter
its preparation, when it satisfies the requirements of the
instructions, will aid the final solution of the problem.

The methods for the selection of Salmonella, Snigelia
and many other microbe strains have been developed in the
greatest detail. In regard to the selection of the strains
of the diphtheria microbes, the work has been conducted only
with the industrial strains PWg Toronto and others, used for
the preparation of the diphtheria toxins, anatoxins, thera-
peutic serums and are concerned strictly with the toxicogenic

'properties of the microbes.

The problem of the selection of the diphtheria strain
for use in the production of the diagnostic preparations,
has been left completely uninvestigated even though this is
an extremely significant problem.

In storing strains under laboratory conditions on a
culture medium disassociation processes can take place, as
a result of which not only the morpholcgical and biological
but also the serological properties undergo changes. It
is also possible that the loss of type specificity occurs
and agglutination reactions may develop and increase with
agglutirnating serum of other serclogical typ.s of diphtheria.
At the same time all of the properties of the industrially
used strains must be stable. ‘

The selection of strains may be conducted in two ways:
1) selection of subcultures in the experiments in vitro;
2) passage through the organism of the receptive animals,

For the selection of diphtheria microbe strains, we
utilized the former method.

The diphtheria cultures used in the preparation of
diagnostic serums were stored dry in the laboratory in the
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course of several years (two to four years), Therefore, we
conducted simultaneously selection of the museum cultures,

as well as selection and study of the freshly isolated cultures.
-Altogether, ninety-two freshly isolated cultures and eighteen
museum cultures were studied. ,

In conducting the first preliminary agglutination reaction

| on the glass with diphtheria agglutinating rabbit serums,
: 8ixty~four freshly isolated cultures were immediately excluded
from the investigation since ten of them produced positive

agglutination reaction with several serological types of
serums, and fifty~four were spontaneously agglutinated in
three percent saline solution.

Among the freshly isolated types the serological types
I and VI cultures were not found. 1In recent years, cultures
of these serological types have almost totally disappeared.
Therefore, we studied only the museum serological type cultures
I and IV.

Serological type II, III, and IV, cultures were studied
{ ~both as freshly isolated and museum varieties (Table 1).
| In the investigated material serolegiczl type Gravis III
and Gravis IV were the predominant toxigenic cultures.

The boiling time used by Bernhof for the detection of
the initlial stage of the disassociation of the culture, has
been widely used in selecting cultures of typhoid-paratyphoid,
and dysentery groups for the production purposes.

We alsc utilized this test, but the microbes were sus=-
pended not in the physiolugical solution, but in three

percent saline solution, the pH of which was equal to 7.6,

as maintainea by the addition of five percent sclution of
NazHPO4. The degree of homogeneity of the culture was
determined by the naked eye, and also with the use of a lens
and the agglutinoscope. A suspension of one billion microbes

were bolled for one hcur on a steam bath and placed for an
additional eighteen hours in the 37° thermostat, after which
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it was re~examined. (Table 2).

Table 1,

Characteristics of the investigated diphtheria culture.

HUcromung Dioxnaite . Ol
glnuncncum';f'uemuu 'rmli Ccpoaoruuc}c(knﬂ i T;-o.;‘c."-\
& L
. = R | | ! HOCTDL
a Kyaurypa 2 !g-g i -:czh H ! 1
el 3 !Ze 2 Jlijulmbivivi
21 g l=x| 8 | 2 L e
2! 8 18213 | 2| l .
. t ’ }
b Cocmenmacacinan | 28 | 18 10 ,I 25§ 3 [0 5| 8|16 0285
€ Myaciinan 18 12 ! 6 [ 13 ’ 11 3] 3,9 21117
! i
d BCETO 46| 30 i 16038 [ 8 1] 8. 1124 2212
I . i
Note: Designations: + toxigenic culture;

culture.

Key: a= Culture; b-
d- Total; e~

g~ Diphtheria patient; th-

i- Biological type; j-
type; 1= Toxigenicity;

Number of cultures; f£-

- nontoxigenic

Freshly isolated; c¢= Museum;
Source;
Bacterta carrier;
Mitis; k- Serological

The flaky deposit formation phenomenon was observed to

almost the same extent both in the freshly isolated as well

as in the museum cultures and equally
types.
six) displayed it at 100°C and it was
cultures during heating at 100°C for
suspensions of 10 cultures withstood
after lncubation in a thermostat for

Fifty percent of the cultures

were also found to be norhomogeneous

for ¢gravis and mitis
(twenty-three out of forty-
observed in thirteen
one hour. Only the

the boiling test, however,
18 hours at 37°C they
when examined through

the lens and through the agglutinoscope.
In spite of the fact that none of the investigated
cultures passed the boiling test, this test permits the
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detection of the difference in the stability of suspensions of
diphtheria cultures with respect to heating.

Table 2,

Boiling tests for Diphtheria cultures.

£ B rom wuncae
TonorcitiocTs y j
HEAD Coenennl-{ .
ALT I ! .
“gearn{ga:gl;e Kyawryp Heror:;e ¥ ) Fonorcnie| Acacunbie jMy aciiuie
a © g L gravis mitls|gravis mi''s
' 8 4 7
byl S0=90° 46 16 30 o L !
13 2 7 1
b 20 100° 30 7 23 T 5
£ 100° B Tevenue 25 6 17 0 ! 7
30 mid.
5 2 2 1
d 100° a Teveune 17 7 10 el 5 3
60 mun.
Key: a-

Homogenef ty of cultures at the indicated

temperatures; b- up to 100° Cl; c¢= 100°C for

30 minutes; * d= 100°C for 60 minutes; e- Number
of cultures; f- Including; g- Nonhomo§eneous;
h- Homogeneous; i~ Freshly isolated; j—- Museum.

The most stable culture with respect to this test (ten
cultures), and also four museum cultures (mitis type VI - one
culture; gravis type III - two cultures; mitis type I - one
culture) of those serological types which were not found
through boiling tests were seeded -n an agar-blood culture
medium. After a twenty=-four hour lncubation period, ten to

twenty colonies of each culture were seeded into three test

tubes containing Py medium. After the incubation in a thermo=-

stat for eighteen hours, one test *uhe with culture was placed
in a refrigerator, the second was used for the agglutination
reaction and the third was usecd for conducting the test with
boiling. This test was conducted only after the study of 10

«240=-

o s SR T




;,"I B N L T I < T o O
:
.

to twenty subcultures of each strain in the agglutination
reacticn on glass. Only those subcultures were selected
which produced an agglutination reaction with homologous
serological type serum.

It can be seen that serological types I, II, and VI were
repcesented only by the mitis cultures and the serological
type IV was represented only by the gravis culture, while
the serological type III was represented both, by gravis and
by mitis cultures (Table 3).

Table 3,

The serological and biological! characteristics of
cultures taken fro further selection

Serological type
I II III Iv vi

Diphtheria culture

1] n (7] n n

ol ()] Lal w o )] i /] T 0

> ~ > ol > ot > - > |

m| ¥ ol ®l P | P o[ P

Nl o M| o Y Sl o Nl w®

| E o| E o] & o] E ol 8
Freshly isolated - - - 1 - 1 4 - o |-
Museum - 1 - 2 2 1 1 - - 11
TCTAL - 1 - 3 2 2 S - -11

The aggluvtination reaction on the glass 210 subcultures
of different sercological types were investigeted. Seventy-

three subculturas were agglutinated simultaneously with several

serologi-al type serums, fifty-four spontaneously in hyper-
tonic NaCl solution, therefore, only eighty-three subcultures
were subjected to the boiling test.
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The number of the selected subcultures were different for
each strain and varied between two and ten.

The boiling test was passed by 28 subcultures, obtained
from nine cultures: four - mitis type (I, II, III, VI) and
five - gravis type (IV), In these cultures two were of the
pitis type,(I and VI) and were museum specimens (Table 4).

Table 4.

The boiling test of diphtheria subcultures selected by
the serological method

! ' B vom i ‘ ﬁm;{ _.‘_(:y()l\‘ym.*rypm
- o€ “““‘v’f'Cne'.imnm:nc.wnH’uu! K My3sefinic
TonoresnocTL |2 |——— it _
KYALTYP HDH | i Qulhe 1 Cepoaorsucewstit Tun
=Rz :.“' : f [}
TENREITYPE |G2ISERE o v 1o oW oW VI
En g ol% e’ pitis mitis gravis, mitis mitis milis gravis Mitis
. t
5 10 X9, S 11 3 3 2
Su-—~90° 83; 2216l 34 - o
i
(310 11 8 — 3 3§ 2
b o 160° 61| 17 | 4% 2 ( T
|
2 9 12 7 = 1 1 2
C100° B vewenne| 44 | 101 34| 23 I T
30 nuu. | - ;
- 1 2
&90° & roucine| 34| 6198 | 2 § 7 ! z l:
60 ain, S i
!
| i

Key: a=- Homogeneity of the culrure at the following
temperature; b= up to 100°C; c¢~ 100°C ror 30
mirs, d- 100°¢ for 00 mins. e- Number of sub=
cultures; €= inciuding; g- Nonhomogeneous;
h= homo¢eneous; - Subcultures; - freshly
prepared; k-~ Museum; 1~ serologicel type.

After these cultures were kept for an additional eighteen
“ours in a thermostat at 37°C an insignificunt inhomogeneity
of the microbe suspensiorn was detected in eighteen subcultures
during the examination in the agglutinoscope.
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Thus, the suspensions of the diphtheria cultures had
different degree of stability to heating.

a .

o~

This stability
coincided in a number of cases with the greater homogeneity
of the microbe suspension.

The investigations, conducted in this laboratory (Delya-
gina and Sadykova), and also at the State Control Institute
im. Tarasevich (Suslova), have shown that the best method for
. preserving diphtheria cultures is storage in the dry state.

The specimens were freeze dried. This method permits prolonged

storage (three to four years of observation) without charges

of the initial properties of the culture. During the lyophili-
zation of the diphtheria culture either normal equine serum or

a saccharose~gelatin medium are used as fillers.

We used the
latter.

The preliminary index of the satisfactory lyophili=-
zation was the external appearance of the culture (compact
precipitaté; not adhering to the walls of the ampule, solubility
in the course of two to three minutes and low residual moisture
content = 1.35%).
The freeze-drying of the culture was conducted immediately
after the selection. The duration of the storages of the
cultures in the refrigerator did not exceed seven to ten days.
Ohly four of the selected subcultures, three of which

passec the boiling test, preserved their initial serological
properties prior and after lyophilization. The remaining
cultures, partially prior to and partially after lyophilization
lost their properties and agglutinated spontaneously in
hypertonic solution with sodium chloride, or produced positive
agglutination reactions with the heterological type dirntheria
serums. (Table S5).

Since diphtheria cultures are highly labile, and have
a tendency to agglutinate spontaneously, their selection
process is extremely time consuming, complex and laborious.

However, the study of cultures, the selection of sub-
cultures on the basis of the agglutirnation reaction and the
boiling test aid in the selection of the most suitable strains.
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Table 5.

Serological properties of the selected diphtheria culture
‘ prior to and after lyophilization

T £ QII____n Cy KN ___iﬂncf& cvuw kg
- B Ton wncae | Peaxius arrio- i Peasitin
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2R El2%8 18281 5l 5lo28 |8xul &
Pl 8 m ) 2523528 518 1585858
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tesonne 18wac. {70 3 14 1—| & | 2 - 5¢ 3 - | 2
! I i i i o .
€ BCErO 14] 10 4—_.2.13_2i9!_'1_;1r"
U2 T B B
H Key: a- Homogeneity of the culture at the following
i temperature; b= wup to 100°C; c- 100°C for 60

; minutes; d- After one hour boiling in a thermo-
: stat for eighteen hours; e~ Total; f-~ Prior to
i drying; g= After drying; h- Including non=-
homogeneous; i= Agglutination reaction;
j= Number of cultures; k- Naked eye; 1= With
the use of a lens; m= In the agglutinoscope;
i » n- Only with homologous serological type serums;
: o~ With serums of other serological types;
p= Sportaneous.

The subsequent lyophilization permits the storage of these
strains for long periods of time.

Simultaneously with the selection of cultures different
culture med.ia were investigated. For the production of
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homogeneous diphtheria microbe suspensions the optimum
concentration of NaCl and the pH were selected.

Five different culture media were investigated: 1) three
percent beef-peptone agar containing 205 normal equine serum
(the medium recommended by the instructisns); 2) Py medium
(coagulated equine serum); 3) 2.5% Martin's agar with .
doubled concentration of beef water, and twenty percent normal
equine serum; 4) 2,5% Martin's agar with doubled concen-
tration of beef water and two percent of manifester (instead
of serum); 5) 2.5% Martin's agar with doubled concentration
of meat water, two percent manifester and twenty percent
normal equine serum.

We selected five different serological type diphtheria
cultures for iuvestigation. Each culture was seeded in test
tubes containing the above media. _

After the cultures were held in the thermostat in the
course of a day at 37°C the culture was washed from the
medium with three percent saline solution, a standard dilution
was made to the concentration of one billion microbes/ml
and the microbe suspensions were examined in the agglutinoscope.
Different cultures, grown on the same media developed different
degrees of inhomogeneity.

The hest medium for the prnduction of homogeneous

- suspensions was found to be the Py medium. Even the culture

163, producing a completely inhomcgeneous suspension on all
other media, gave an almost homogeneous suspensinn on this
nedium. The worst medium was 2.5% Martins-agar with doubled
concentration of meat water with the addition of two percent
of manifester (Table 6).
To determine the effects of the concentration of

NaCl on the homogeneity c¢f the microbe suspensions, we pre=-
pared solutions containing Jifferent concentrations of sodium
chloride (three to twelve percent).

The investigated one cay diphtheria cultures were washed
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with the above salt solutions and subjected to tne boiling
test, The best results were obtained with three percent
saline solution. Flaky sediments were formed only after one
hour boiling of the microbe suspension. With increase of the
concentration of sodium chloride, flaking of the suspensions
occurred earlier and at lower temperatures. Thus, for example,
when the concentration of NaCl was four to five percent,the
flaky sediment formation occurred at 100°C while when the
concentration of sodium chloride was increased to six to
twelve percent, sediments were formed at 90°C.

We alsc investigated the effect of pH on the homogeneity

- of the microbe suspension, since the buffer mixture, recommended

by the preparation instructions, was insufficiently effective,
apparently dur to the presence of only neutral salts, (NaCl)
and basic salts (Na,HPO,) in it, and the absence of the acid
salt.

For our work we selected a phosphate-buffer mixture,
consisting of two salts; basic - Na,HPO, and acid - KH2904.
Buffer solutions of different pH's were prepared: 7.6, 8.04,
8.4, and 8.64. '

We prepared one billion formaldehyde treated microbe
suspensions with the phosphate buffer solution of different
pH's. The homogeneity of the suspensions at the time of the
preparation was determined by the naked eye, through the lens
and through the agglutinoscope. A slight inhomogeneity was
detected only in the examination of the suspension in the
agglutinoscope.

After thirty day storage of the suspensions in the
refrigerator, their homogeneity and pH's were tested again.
These tests revealed no change in the deg:ce of homogensity.
The pH of the microbe suspension and of the control buffer
salt solutions was changing.

The change in the pH did not occur due to the presence of
the microbe cells in the sclution, since the pH of the control
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saline solution was also changing simulta.eously. The smallest

change of the solution was observed at pH equal to 7.6,
Table 6.

Study of the homogeneity of diphtheria microbe
suspensions grown on different
culture media.
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Key: a=- Culture; b= Serological type; c¢- Biochemical .
type; d= Homogeneity of the suspension obtained
from various culture media (on the basis of
agglutinoscope examination); e~ Three percent
meat-peptone agar and twenty percent normal equine
serum; f- Nonhomcgeneity; g= Insignificant non-
homogeneity; h~ Sigificant nonhomogeneity;
i- 2,5% Martin's agar and twenty percent normal
equine serum; J- 2.5% Martin's agar with 2%
manifester; k- 2.5% Martin's agar with 20%
normal equine serum and 2% manifester; 1= Py medium.
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Table /.

Change of pH of the microbe suspension upon storage in
the refrigerator.

pH of the Microbe Suspension pH of the Control Suspension
At the time of After 30 At the time of | After 30
preparation : days preparation days
7.6 ' 7.44 7.6 7.44
8.04 7.36 8.04 Tale3
8.4 6.61 8.4 "/.58
34 7.59 8.64 7.59

Thus it was established that the most homogeneous sus=-
pensions of the serum microbes were obtained from cultures
grown on a Py medium with the use of three percent NaCl
solution, the pH of which was adjusted to 7.6 with a phos~-
phate buffer mixture.

However, the diagnostic preparation, produced from the
selected cultures, grown on the best culture medium with the
use of optimum concentration cf NaCl and pH did not display
any stable properties in the course of the first few months
of stiorage,

We made an attempt to dry the diagncstic pr.oparation
per se or with the use of filler. The dry diagnostic pre-
parations would help us to solve a number of dirfficulties,
particularly those asscciated with the stavilization of
the principal properties of the preparation. This would alsec
solve the problem of prolonged storage of the pui.naration,

In the role of fillers we used saccharose-agar-gelatin medium
(distilled water - 100 ml, saccharose 10 g, gelatin 1 g.,
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water 100 ml, saccharose 10 g, gelatin 1 g).

and agar 0.1 g) and saccharose~gelatin medium (distilled
A one day

diphtheria culture grown on a Py medium was washed with one
of the above media as well as with three percent NaCl solution.
The obtained suspensions of the diphtheria microbes

were examined with the naked eye, through a lens and in the

agglutinoscope. Only the suspensions, prepared on a three

percent saline solution were homogeneous, but the small
granular consistency was detected even in these when viewed

in the agglutinoscope. The nonhomogeneity of the microbe

suspensions with fillers was detected during the examination

with the aid of a lens. The subsequent lyopnhilization of

diagnostic preparations, made on the basis of these microbe
suspensicns, increased their nonhomogeneity even more, and
the preparation was found to be totally unsuitable for work.
Lyophilization also ruined the diagnostic preparations dried
per se.

Thus, the instability of the principal properties of

the diagnostic preparations, are determined by the fact that
diphtheria microbe cells contain predoninantly hydrophobic
protein compounds, which in fact determine the nonhomogeneity

of the microbe suspension, The slight inhomogeneity is

always present in the preparation even at the moment of its
synthesis. Storage of *the diagnostic preparation produces

even greater inhomogeneity, which manifests in the formation

of larger and larger conglomerates in the solution. These

particles, precipitate and are then removed during the filtra=-

tion of the diagnostic preparation through th: cotton filter.

This in turn produces the change in the concertration of the
microbe suspension.

At the same time lysis of the microbe cells occurs,
as a result of which acid products are liberat.d (for example
acid), which in turn decreases the pH of the

rivonucleic
solution,
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The agglutinogenic properties of the preparstion change.
The acidified solutions facilitate even greater precipitaticn
of the partiéles from the solution which in turn leads to the
sedimentation of flakes.

Conclusions

l, Since diphtheria cultures are extremely labile and
have a tendency to undergo spontaneous agglutination, the
process of selection of the diphtheria cultures is extremely
compléx and laborious.

2. The study of the strains, the selection of sub-
cultures on the basis of the agglutination reaction and the
boiling test aid in the detection and selection of the most
suitable strains from the standpoint of their antigenic
properties.

3. The subsequent lyophilization enables one to
stabilize the properties of these strains for long periods
of time (time of observations tliree to four years).

4, The most homogeneous suspensions of diphtheria
microbe were obtained when the cultures were grown on Py
culture medium with the use of three percent sodium chloride
solution, the pH of which was adjusted to 7.6 by means of
phosphate buffer mixture.

S. However, the use of the selected cultures, grown on
the optimum culture medium and under the optimum concen-
trations of NaCl and pH did not respond by the stabilization

~of the principal properties of the diagnostic preparation

even for the first few months of storage.

6. The lyophilization of the diagnostic c~zrum per se
and in combination with fillers increases the degree of the
nonhonogeneity of the preparatiun even more, and it becomes
totally unusable.,

7. The instabliity of the principal properties of the
diphtheria diagnostic preparation results from the fact that
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at present it is not possible to obtain totally homogeneous
suspensions of the diphtheria microbe. Therefore, subsequent
work in the area of the improvement of diphtheria diagnostic
preparations by this approach, i.e., as a bacterial suspension
prepared on the industrial scale offers little promise.
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THE PRODUCTION OF ADSORBED AGSLUTINATING
SATMONELLA O=-S£RUMS

by

G. L. Rodionova, Laboratory of Diagnostic
Preparations {(Candidate of Biclogical
Sciances N. A. Khomenko
in charge)

The adsorbed agglutinating o=-seruins of the salmonella
group are used for the classification of the microbes into
one of the serological groups (A, B, D, C, E, etc.) according
to the Kaufman-White classification.

One of the principal stages in the preduction process of

adsorbeu agglutinating serum is the prejaration of .ntigen

- for the immunization of animals. The methods, used for the

preparation of antigens, are based on the action of different
antigens on the antigen composition of the microbe ceil. As
it is well known, the microbe cell of salmonella consists of
Several anfigens, differing both in their chemical composition
and their location in the cell, as well as in their reactions
to physico-chemical interaction. 7Thus, the flagellum type
H-antigen is a protein type substance., It is thermally labile
and it is totally destroyed during 2% hour boiling cf the
bacteria suspension. Its partial or total inactivation is
also observed upon the addition of slcohol or phenol to the
culture. Chemically, O-antigen is a lipoid=-polysaccharide=
protein complex and it is bound to the Lody of the microbe
cell. O-antigen is stable for long perionds of time when
exposeéd to elevated temperatures, and also to a number of
chemical substances such as alcohol, ether, acetone, fcormalde-
hyde and phenol (in low dilutions). The stability of O-antigen
of the microbe cells tu certain physicc=chemical interactions
was used as the basis for the development of the production
method for antigen, used in the immunization of animals,
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which in turn produce immur O-serum. For the preparation
of O-antigens, Kaufman (1954) recommends broth or agar
cultures, sterilized by 2% hour boiling at 100°C on a steam
bath or autoclaving. Thus, according to Kaufman, a total
destruction of the flagellum apparatus of the microbe is
achieved. The alcohol treatment of cultures for the pre-
paration of O-serum is not recommended by Kaurfman. He
considers that during the acticn of alcohol on the microbes
only their H-agglutinating properties are eliminated, while
their agglutinogenic ability is totally preserved. 1In the
opinion of Edwards (1951), during the treatment of the ~culture
with alcohol, more or less complete inactivation of the H-
antigen is achieved, therefore, serums obtained during the

- immunization of animals with alcoholic antigen have relatively

low H-antibody titer. Edwards also notes that when boiled
anticens are used the obtained serums generally have low
O-antibody titer. In order to obtain highly active O- and
Hd-serums, he recommends the treatment of cultures, designated

for immunization according to the method proposed by Roschka
(1950).

The Roschka Method

A twenty hour agar culture is washed with physiological
solution and the cbtained suspension is heated in a stream
of steam in the course of 2% hours. The heated suspension
is centrifuged, dissolved in 96 proof alcohel and held in
a thermostat at 37°C, following which it is again centrifuged
and washed twice with acetone., The newly obtained precipitate -
is dissolved in several milliliters of acetone and poured into °:
a Petri dish, and placed into a thermostat for drying ferraf'f/
period of 14 to 18 hours., The powder prepared by th§§7ﬁethod
is ground with a mortar and pestle, dissolved in phyéia~~ -
logical solution and used cs antigen for the immunization of
animals. |
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Weil (1918) also recomnends the alcoliol treatment of

" the culture for the preparation of O-antigens. He indicates

that even fron the culture, existing in H-form, Aurinrg the
treatment with alcohol it is poz3sible to obtain pure O—antigen,
The alcohol treated antigens have the advantage that they are
less toxic than the bolled antigens. Using the alcohol
treated antigens for the immunization of animals Chernokvostov
and Letavet obrtained high quality serums, which could not be
obtained by boiling or formaldehyde treatment of antigens
from the Shig strain of dysentery due to the low survival of
tha animals.

Slace 1954 our laboratory also uses elcohol treated antigens
for the prodaction of the salmoneily O-serum, since the use
of boiled artigens for this purpose constantly pcoduces C-serums
with low titers. The alccheol treated ancigens are rrepared
by the methcd analogcus to the one wnich was propooed by
Chernokhvostov ané Letavet (1941) for the production of Shiga

‘etrain dysentery antiseruu.

The Chernuvkhvostov and Letavet Metnad

An eighteen to twentye.hour agar-grown culture is washed
with physiological <olutioun, placed in the preweighed test
tubes and centri®.  i. Subseguently, the liguid is decanted
and pnysiological solution i. added to che wcighed suspension
{based on the calculation one ml/g of the precipitate) and
ten times the volume of alcohci. The antigen is placed into
& thermostat et 37°C, fur two days, then centrifuged and to the
precipitate 0.5% carbolic acid treated physiolagical solution
is added in the amcunt sufficlient to produce ten billion
mic obes per ml, After the prepuration is cliecked for
eterility it is ready for the immunizstion or animals.

The use of alcchol treated antigens in the ccurse of a
numter of years erabled us to obtain serums with (ufficliently
high Oeantigen titers (1:12,800 to 1:¢5,600)., Having found
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in literature indications that the highest O=antitody titers

were obtained during the immunization of animals vith boiled ;
alcohol~acetone antigen (according to Kaufman - bciling) '
we deuided to conduct parallel immunization of rabbits with
all three forms of O-antigen and to analyze the obtained
results, The rabbits were immunized with antigen prepared
from the following cultures S. paratyphi A, S. paratyphi B,
S typhi murium, S heidelberg, S. cholerae suis, S. newport
and S. london, in order to obtain serums for the microbes
most widely spread in the Soviet Union (i.e. salmonella groups
A, B, C, D, and E according to Kaufman-White classification
scheme).
Since only smooth colonies can be used for the preparation
of O-antigens the strains which we collected were seeded on
the agar plate for the selection of isolated colonies in the 7
S-form. This enabled us to exclude the morphologically coarse

shapes and to use only the shiny convex colonies, stable in
physiological solutions and not producing spontaneous agglutin-
ation during boiling. In terms of their biochemical and
serological properties the strains were typical. They pro-
duced very high agglutination titers (1:12800 to 1:25600)

with homologous O=-serum and did not produce positive reactions
with heterological serums.

For the production of antigens from each salmonella group,
cultures were grown on a dense carbolic acid treated Martin's
agar in a thermostat at 37°C. The microbes were washed with
physiclogical solutions and the whole collected suspensicn was
subdivided into three eqgual parts, from which boiled, alcoholic
and boiling=alcohol-acetone treated antigens were prepared,

according to the atove-described method. After the four day
testing of the sterility of the obtained antigens, immunization
of the rabhits was attempted. The antigens were intrcduced
intraveneously with a four day interval, at the following
doses: for the first injection - 500 million, for the second




injection - one billion, for the third injection - 1.5 billion
and for the fourth injection - 2 billion microbes. Seven

days after the last injection blood was taken from cach rabbit
for the determination of O~ and H- agglutinin titer. The titer
is defined by the instruction on the production of monoreceptor
serums as the maximrm dilutidn of serum at which agglutination,
characterized by three phases (+++) is still observed. The
O-agglutinin titers in serum's, were determined in the linear
agglutination reaction by means of the same cultures as were
used fo. immunization. Prior tc the agglutination experiment
these cultures were heated for thrity minutes, in order to
destroy their H-agglutinating properties.

In order to determine the H-agglutinin titers the serum
was checked with specially selected culiures, belonging to
other seroloagical groups and consequently having the possibility
of reaction with the experimental serums only due to their
H-antigens. Thus, for example, serums E (0), obtained by
immunization of rabbits with S. london (antigen foriula - 3.10;
1, v; 1.6) were checked as follows: the magnitude of the
O~antibody titer - with beiled S. london culture; the magni-
tude of H-antibody titer - with live S brandenburg culture
(antigen formula - 4, 12, 1, v; e, n, 2157) and with S,
inverness (antigen formula = 3, 8; ¥: 1, 6). The last two
cultures were used for the determination of antibodles to the
first and the sacond H=antigen of S. london In the serums, by
means of which these serums were obtalned.

The examination of the results of the immunlzation of
rabbits with all forms of antigens showed that the highest
O=antibody titers (i:12800; 1:25600) were displayed by serums,
obtained with alcohol treated antigens, (see flgure).

From the obtained native serums, having O-antibody titer
not lower than 1:6400, the corresponding adsorbed agglutinating
sesums were prepared., In spite of the fact that the serums
obtained with the use of alcohol antigens had higher H-antibody
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titers than analogous serums obtained by means of boiling and
boiling=-alcohol~acetone treated antigens, adsorbed serums were
prepared form these with equally high specific O-titers.
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Figure 1. Summary table for 0- ard H- antibody titers in
serums obtained by the ‘mmunization of rabbits

with differeut O-antigens.

Keyt: a- Type of serum;
b= Type cf antigen;
c= Boiling;
d- Boiling=-alcohol--acetone;

e- Alcohol;
f- Magnitude of O- and H- antibody titers.
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Apparently, this is explained by the fact that due to high
O-titers alcohel serums can be diluted more with physiclogical
solutions prior to adsorption, which lowers the concentration
of the H~antibodies in them and more faworable conditions

are created for the adsorption process.

Conclusions.

l. In the preparation of the salmonella O-serums, the
highest O-antibody titers were obtained by immunization of
animals with alcohol treated antigens. 1In this case the
serums had O-agglutinin titers equal to 1:12800 to 1:25600,
Lower O-antibody titers (on the average 1:3200 to 1:6400) were
observed when boiling alcohol acetone-treated vaccines were
used (Raschka method). Boiled antigens were found to be even
less effective. The O-serum titers obtained with the Jse of

. boiled antigens, in the majority of cases did not exceed 1:3200.

2. In spite of the fact that the immunization of animals
with alcohol treated antigens caused the formation of higher
H-antibody titers than other experimental O-antigens, adsorbed
agglutinating O-serums of high specificity were prepared
from these serums,
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A METHOD OF ULTRATHIN SLICESl

by

V. A. Zuyev, Virology Laboratory
(Candidate of Medical Sciences
S. S. Marennikova,
in charge)

1 Presented at the Virology Session of the I. I.
Mechnikov Society of Microbiologists, Epidemologists and
Infectious Disease Specialists on April 7, 1958.

Starting in 1940, several foreign companies began the
production of electron microscopes, and from that time on
electron microscopy began to be widely used in laboratories
as a new research method.

In analyzing the work on the electron microscopy of
blological objects (the number of these works exceed one
thousand), one instantly notes a difinite systematicity both
in the choice of the investigated objects, as well as in the
methods used for the investigations.

Thus, initially the objects of investigction were only
finely dispersed objects such as bacteria, viruses, and col-
loidal particles. As a result of this the cytelogy of
bacteria, the morphology of viruses, and the processes of the
interaction of bacteriophage with microbe cells were. investi-
gated.

Subsequently, in addition to this method was proposed
for the artificlial dispersion of fiberous structures and
this permitted the study of such objects as muscles, collagen,
etc.

The attempts to study the surfaces of certain more or
less complex bodies (bone, hair, teeth, :seeds, leaves, etc,)
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lead to the development of another method - the so-called
replica method, The essence of this method lies in that an
imprint of the surface of the dense object is prepared from
a thin transparent film, which is subsequently studied under
the electron microscope.

Nonetheless, all these methods have one general draw-
back, tiney do not permit the investigator to penetrate into
the details of the inner structure of the investigated object
due to the almost total impermeability <f the investigated
objects to the electron beam. |

Due to relatively low density, i.e. light atoms, which
comprise of organic structures, the thickness of the object,
which can be studied in the electron microscope, must be of
the order to tenths or even hundredths of a micron. This
situation was a stimulus for the research directed towards
the production of ultrathin slices, sufficiently penetrable
by the electrons.

The histroy of the preparation of ultrathin slices be-
gan in 1939, when Ardenne first obtained ultrathin slices
and investigated them on the electron microscope. The author
was displacing a block with tissue of an angle to the ordinary
histological microtome, thus obtainring slices in the form
of wedges, the base of which had a thickness of one micron,
while the apex had a thinner edge and was suitable for study
on the electron microscope.

However, this method of "wedge microtoming" was not
widely accepted, and later Richards, Anderson and Hance (1943),
using an ordinary histological microtome with a special trans-
mission, were able to decrease the thickness of the slices o
150 mu, This method of "sclow microtoming"” was later improved
ané the thickness of the slices was decreased further to
100 mu.,

In order to avoid the deformation of the s.ices during
the cutting of sration, O'Brien and M-Kinley (1943) used high
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spead microtoming, the method by which the object was fed to
the knife, rotating at 40,000 rpm. Such a metho. produced
slices thinner than 100 mp.

A new method was proposed by Newmen, Borisko and
Swerdlow (1950). The thick object was enclosed into butyl-
methacrylate monomer. After polymerization freezing lead to
the compression of the block, after which during the subse-
quent thermal expansion on the ordinary microtcme slices
were obtained, the thickness of which was equal to 100 mu.

Finally, in recent years one more method was proposed
for obtaining thin slices, the originality of the design of
which had a tremendous impact on the achieverments in ultra-
microtoming.

In 1953, SjOstrand constructed a microtome, in which
the feeding of the rotating object to the fixed knife is
realized through the thermal expansion of the rod upon which
the mounted block is resting.

The proposed model of the microtome differs favorably
from all of its predecessors by the absence of feeding.micro-
meter screws, which inevitably have some play. The play in
the sc-ews and rocking in the bearings do not permit one to
obtain serial slices of thickness less than 0.4 mp. On the
other hand the Sjdstrand ultraunicrotome permits one to obtain
a series of slices of thickness down to 0.01 mu.

However, the basic improvement in the technology of the
production of ultrathin siices in addition to the inven-
tiveness of the instrument builders depends to a significant
extent on the use of new methods for treating the investigated
material and the preparation of blocks. |

An important condition for obtaining satisfactory
results in tre preparation of slices is rapid and reliable
fixing of the investigated tissues. In this area the most
succassful work was conducted by Palade. The author developed
in great detail a method which permits f£ixing biological
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“ism (nerve, tissue, retina, pancreas, etc.) a surprising

materials without disruption of their microstructure. He
determined the most Iimportant favecrable conditions such as
the pH of the medium and the temperature of fixing.
Coating of the investigated material with paraffin or
collodion, used widely in histological practice, was found
to be totally inapplicable in the preparation of slices, .
the thickness of which is of the order of a few hundredths of
a micron. 1In 1950 Newmen, Borisko and Swerdlow proposed a
new method for coating with monomers, butyl and methyl metha-
cryhates, While these substances are sufficiently trans-
parent, they also permit the production of blocks of the
necessary hardness when they are mixed in different ratics.
Finally, one more improvement, instrumental in the progress
of ultramicrotoming was, the proposal of Latta and Hartmann
(1949) on the use of glass knives. It resulted in the ex-
clusion of the very complex sharpening process (involved
in the use of metal knives), and thus simplified the pre-
paration procedure for the cutting of the blocks.
The technical and methodology achievemants in the area
of microtoming resulted in a significant exparsion of elec:iron
microscopic investigations directed towards the study of the
inner microstructure of cells and tissues. Much recent work
encompasses a diversified assortment of tne investigated objacts.
Without pausing on detailed considerations of the obtained
results, we should only point out the most significant ones.
Thus, by means of electron microscopic investigation of
ultrathin slices of many objects, particularly those which
are most important and perform complex functions in the organ-

ordering of the microstructure was disccvered, which is

called "submicroscopic layering," indicating a definite

space orientation of the macromolecular compounds. The dis-
covery of such ordering of the structure of cells of different
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sections of the organism is a morphclogical basis for the
well-known rigorous sequence of physiological and blochemical
processes in various tissues.

Many new facts have been accumulated by means of ultrathin
slices and the study of the cytology of bacteria. Relatively
recently, serial slices of virus particles were obtained by
means of this method.

Without posing the problem of analyzing the factual
material accumulated through the use of the ultrathin slices
method in biology we would like only to stress by this brief
historical survey the following.

The work of recent years has shown that the method of
ultrathin slices may be used successfully for the soclution
of a number of physiological immunoclogical problems, which
opens wide horizons for the use of electron microscopy in the
new areas of biology and medicine,
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THE USE OF MIXFRS A3 CCNTAINERS FOR CONDUCTING
OPSCNO~PHACGCCOCYTIC REACTIONS

by
Ve M. Ivanov, Immunology Laboratory

(Professor S. I. Ginzburg=-Kalinina,
in charge)

In recent years in our scientific literature a number

. of works have been published (Latysheva, 1955; Berzin' and

Blyumberg, 1958; and others) the purpose of which was to
develop the optimum standard conditions for the study of
cpsono~phagocytic reacticn:,

In these investigations there are two guite limiting
conditions associated with the volume: of blocd required
by different methods. The method proposed by Latysheva
requires a large volume of blood (of the order of 10 ml),
while the method of Berzin' and Blyumberg permits the utili=-
zation of small volumes of blood (of the order of hundredths

-of a milliliter). Each of the investigators wishing to

express his preference for a given method must base his
conclusions on the specific conditicns of his own w <ck. In
work with large animals (dogs, rabbits, etc.) the methed
proposed by Latysheva is totally suitable. In work with
small animals (rats, mice, etc.) it is preferable to use a
method which requires small volumes,

The necessity of working with small animals (rats) forced
us to develor a microvolumetric method for conducting opsono=-
phagocytic reactions. We utilized mixers (mixers which are
used in the dilution of blood), which reglaced in our experi-
ments both the micropitet and the test tubes.

The simple method which we nroposed enables one to study

_ the reaction in the voiume of ~0.02 ml, i.e. 0.0C3 ml. of

2% solution of sodium citrate, 0.0! ml of blonod and 0.005 ml
containing two billion microbes in sus_.ension. W2 indicate
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the approximate accuracy of the absolute volimes becCause we

did not use the accurately calibrated micropipets, but mixers
for erythrocytes in which the vnlume proportions are accurately
graduated, In the available mixers the volume of the capillary
part to the marker "1" is approximately 0.01 ml.

Experimental procedure: 1) sodium citrate was taken up
into the capillary part of the mixer to "0.5" marker and then
sucked into the expended part of the mixer; 2) blood from
the candel vein of a rat was taten to marker "1" of the same
mixer and sucked into the expended part after which both
liquids w~re carefully mixed; 3) the micropbe suspension

o ol s - o SR SRS

(Gertner's bacilli in our experiment) was taken up to "0.5"
marker of the same mixer and suclied into the expended part and
again mixed with the citrate dilhted blood.

After a thorough tut careful mixing of the liquid in the
mixer, the mixers were placed in the horizontal position
(on special stands) in a thermostat at 37°C for thirty
minutes.,

After the expiration of the indicated period of time
a smear was prepared from the content of the mixture (fixed
with methyl alcohol and stained with azurin-eosin solution).

The sodium citrate and microbe suspensions are best
aliquoted not from te large vessel, but from micropipets, by
making a contact between the openings of the micropipet and
the mixer. This produces cthe highest accuracy. If during
sucking of the ®loed from the capillary part of the mixer
into the expended part of the mixer, a bubble is formed it
may be removed easily by means of a thin wire introduced
through the capillary of the short end of the mixer,

Using the microvolumetric mechod with mixers, we studied
the aspsono-phagocytic reaction for two grcoups of animals
(for adrenaiectomized rats, and rats with normal adrenal
glands) before and after passive immunization with the rabbit
serum (Capbits were immunized with formalin treat:d vaccines
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active phagocyte)
shown in Table 1.

from Gertner's bacilli culture).
aétivity of the neutrophil in smears (the percent of active
cells out of the total number of cells counted) and the
phagocytic number (i.e., the number of microbe cells per

We determined the phagocytic

« The results of the investigation are

Table l.

Results of the Investigation of opsono-phagocytic reactions

Experimental conditions

Prior to immuni- After immuni~
zation zation
Index Animals
|Adrenalec~} With normal | Adrenalec~| With normal
tomized adrenal tomized adrenal
_gl, ands glands
Phagocytic acti=-
vity of neutro-
phils (in %) 26 60 23 92
Phagocytic number 3.3 3.2 2.6 6.4

The cited data indicate two conditions:

=266~

first of all
opsono=-phagocytic reaction i adrenalectomized animals is
weakened in comparison with the same reaction ir. animals with
normal adrenal glands; secondly, passive immunivation increases
opsono-~phagocytic reaction under the action of normal adrenal
glands and does not change in adrenalectomized animals.

On the badis of the cited data one may conclude that
the adrenal glands play a significant role in the deteriination
of the functicnal state of microphages and participate in the
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functioning of the mechanism through which the passive immuni-
zation effect is realized. It is possible that inclusion of
the function of the adrenal glands into the reaction to the
injected immune serum is one of the physioclogical mechanisms
of the preventative action of such serums. ,
The comparison of the earlier data on the sharp 1owering‘
of the natural resistance of animals to infections under the
influence of adrenalectomy with the zbove results may lead to
another conclusion: the indicated lowering of the resistance
of animals to infection'may be associated with lowering of
the phagocytic reaction under the influence of adrenalectomy.

Conclusions

1. The use of mixers in carrying out opsono-phagocytic
reactions is convenient since it enables one to carry out the
reaction in.microvoluﬁes and to insure maximum protection of
the neutrophils during aliquoting of the blood.

2. The opsono-phagocyti~ reaction in microvolumes en~
ables one to conduct chromological experiments on the same
animal.

3. The indicated method was used for the study of the
role of the adrenal gland in the activity of microphage and
it was establisiied that.

a) adrenalectomy leads to weakening of the opsono=phago-
cytic reaction;

b) the absence of the adrenal gland hinders the activation
effect of the immune serum on the phagocytosis;

c) the adrenal glands are found to be one of the physio-
logical links in the compler mechanism by means of which passive
immunization is realized.
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THE EFFICIENT USE OF HORSES FOR THE PRODUCTION
ANTITETANUS SERUM -

BY

G. M. Mikhaylova, M. T. Nikitina, V. D. Nikitin
F. S. Popov and A, P, Ryzhov, Anaerobic Labora=- -
. tory of the Serum Division {(Candidate of Medical .
, Sciences G. M. Mikhaylova in charge) and Immruni-
zation Section of the Serum Division (V. D. Niki-
tin in charge)

' Up to the present time, antitetanus serum has been widely -
used in the prevention and treatment of tetanus. This necessita-
tes the improvement of the quality of this preparation. The )
success of the production of highly active antitecanus serum
depends on the ability of the organism of the animal, to pro-
duce actively the aantitoxin in response to the injec%ted antigen,
on the conditions of exploitation of the producing animals, '
on the care and feediny, on the use of nonspecific stimulantl
in the process of the exploitation of animals and to a large
extent on the amount and the quality of antigen used for the
immunization (Kats, 1946; Georgadze, 1948; Ryzhov, 1955;
Mikhaylova and Temereva, 1953; Yefimova, 1957; Lukin and Kovshov,
1957; Panin and Panina, 1957 and others).

The data of our previous investigations (1953, 1954, 1956,
and 1958) have shown that after the first cycle, the usas of
small doses of high quality tetanus anatoxin produces high
titer serum in ninety té ninety-five percent of the horses, "
while the injection of low immunogenic tetanus anatoxin, evan

. to highly active producers to this form of antigen, laads to
low antitoxin titer in the blood. Therefore, the necessity
arises to immunize horses starting with the first cycle with
tetanus toxin. ‘ :

The investigaticns reported here were devoted to the pro=
blem of the efficlient dosage of tetanus anatoxin in the first
immunization cycle of "fresh" horses and selection of the
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optimum amount and the yuality of antigens and the conditions

for the use in subsequent cycles of the exploitation of pro-
ducers.

© In order to determine the optimum antigen dose for

' starting the cyclic immunization we begarn to immunize twelve

"fresh" horses with different doses of tatanus anatoxin. We
used tetanus anatoxin series 459 as antigen. It had anatoxin

. combining pruperties equal to 0.0l ml, {measured according to
' Becker) and immunogenic properties imsuring 100% survival of

guinea piqalinjoctcd with 100 Dlm of toxin,

The immunizaticn of the horses was conducted as follows.
In the two months prior to the cyclic immunization of the
animals, they were conditioned with two injections (ten and

" twenty ml) of tetanus anatoxin with a twenty-one day interval

between the two injections. On the basis of the concentration

-of antitoxin after the conditioning of the animals, they were

subdivided into three groups: each group consisted of four

horses with different concentrations of antitoxin in the dlood’

after the conditioning. The interval between the injection
was equal to four to five days (Table 1.)
Thus, after the fi.s: immunization cycle, the horses in

- group I had serum titers lower than the titers in groups II,

i and III with extended cycles. Therefore; we consider that one

ml of tetanus anatoxin for the beginning of the cyclic immuniza-

tion of nhorses, conditioned preliminarily, is not the optimum

dose and consequently it is not worthwhile to begin the

inmunisaticn of horses with a one ml dose of tetanus anatoxin,

‘At present the better dose for the beginaing of the
immunisation of the majority of "fresh" horses is five ml,
since the majority of horses immunized with this dose (thres
rat of four) responded by the accumulation of high antitoxin
um. - ‘

In the process of producticn we were also inteoresdted in
the quality of antigen and in the effect of chain,. >f the
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antigen on the serum titers, particularly in the horses in
which the antitoxin titer decreasad in the process of pro-
longed immunization with ordinary tetanus anatoxin.

A A S A

Table 1.
- ; ’ { . @ Likaonan muvyuusauus | f .Tmp (8 AE/na)
! Koanuectno
' AF uepea : : Aamean- | [1gcae
. g Hlowmaz u‘,‘.’{.“y",f’,f;’n‘f nncé‘;?n Mocaeayioman an3a (o Ma) "o(":l,,:“l.‘;:l;:\)u “;t;':;'m‘_ Cpeanut
ag b nmnc~ Qﬂﬂe £ _ g 3mw%. 3
859 Sl |1 2, 3, 10, 20, 40, 80, 100 15 200
O 893 >5 <8 1 2, 5 10, 20, 40, £0, 100 43 400 500
807 =1y Co 2, 5, 10, 20, 40, §0, 100 41 800
906 ‘WMI 1 2, 5, 10, 20, 40, 80, 1N 4 800
808 > <3 5 10, 90, 40, 8, 100 etcC. 35 800
905 >, <1 5 10, 20, 40, 89, 100 €£Co 3 500
" 508 >ha<s 5 10, 20, 40, s, 100 etc. 41 1100 e
934 >1p<] 5 10, 36, 40, 8, 100 @tC o 8 100
899 >Yn<Yy 2. 10, 80, 180 u 7. A B - 200
i 900 >1 <43 20 40, 80, 100 v 7. A 29 00 650
o1 >V, < 20 10, 80, 100 n T. A 2 1500
910 SVl 20 40, S0, 100 & T. a- 3 300

Key: a- Group;
b- Horse;
c~ Amount of AE prior to cyclic immunizationj;
d- Cyclic immunization;
e= First dose (in ml);
£~ Subsequent dose (in ml);
g~ Duration of the cycle (in days);
h- Titer (in AE/ml);
i~ After immunization cycle;
J= Average.
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One group of producing horses was tested for the effect
1 of the change of antigens, differing in the quality indices,
' particularly: ordinary anatoxin, partially detoxicated and

native toxins.

We investigated the effect of the change from the immuni-
- zation with anatoxin to immunization with native toxins and .
3 partially detoxicated toxin and visa versa on the magnitude
| of antitoxin titers in serum producing animals. The partially
; detoxicated toxin which was taken for immunization was native
? toxin, trrated with 0.35% formaidehyde solution and kept 1ia a
thermostat for seven to ten days. The strength of the toxin
varied within 100,000 to 4,000,000 Dlm limits. Its combining
abllity was equal to thirty to hundred EC.

The pertially detoxicated toxin (after seven day detoxi-
cation) injected subcutaneously in ten ml dose, had a lethal
effect on guinea pigs on the four*h to fifth day after the
injection. The toxin obtained in ten day detoxication pro-
duced tetanus symptoms in quinea pigs on the fifth or 'sixth day and
death on the tenth to twelfth day after the injection.

The native toxin was characterized by the following irdices:
Dlm was equal to 100,000 to Z,000,000, combining ability was
equal to thirty to 100 EC, The first immunization cycle of
horses (which passed through five to eighteen immunization
cycles with anatoxin) with the toxin was conducted with the
use of one of the following three doses: 50, 100, 200 ml; 100,
200, 400 ml; 150, 200, S00 ml. The interval between injections
was four to five days. The subsequent immunization cycles with
toxin were conducted according to the same scheme, as che pre-
vious immunization cycles with anatoxin. The titers of serums
, of twenty-five serum producing hcrses, which were changed
; tn immunization with partially detoxicated toxins in the same
i doses, of the same of higher quality as anatoxins used
5 previously, were equal to 300 - 1300 AE/ml. The average titer
was equal to 650 AE/ml, After the animals were changed to the
:  immunisation with partially detcxicated toxins on a sixth,
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to nineteenth cycle, the antitoxin titers were equal to
600U to 1700 AE/ml, the average titer was 980 AE/ml, i.e.,
the average titer increased by 330 AE/ml or by a factor of
1.5,

The comparisor of subsequent data indicate the rationale
of transferring those horses, in which titers during immuni-
zatior with anatoxin decrease, to partially detoxicated toxin.
It stould be noted that the gquality and the dose of the latter
must be not lower *than the titers and the dose of the pre-

. viously used preparation. The situation is totally different

with antitoxin titers in horses changed over to immunization
witkh smaller doses of partially detoxicated toxins, or when
the quality of the toxin is lower (Tebles 2 and 3).

Table 2,

The titer of serums of producing horses, changed over
to immunization with smaller doses of partially
detoxicated or native toxin.

X OOuum}?« auarokcu Hegcoé:::&e:e.unun’ £ Hatusnul voxcuu
Lall ’
uoa a ‘ 110"0(" u)!(.zgzgifnog (e u)!(.IE;L ’no? (» u)g (.Ign‘?
374 | 500 ‘ ) l 400
33 %0 %0, 100, 20| 300
496 20 00
400 T400 400
25 €00 i 400
45 (180,300,500 X0 400
120 1 600 100, 200,400, 600
2 | 30 s \ 200
1 | | o | 0

Key: a- Horse; b= Ordinary anatoxin; c- Dose (in nl);
d=- Titcer (in AE/ml); e- Partiaily detoxicated toxin;
f= Native toxin,

-273=

e B

P T

s g soallns s

P T

sy i




Tabhle 3,
Titers of serums of producing horses in change over to immuni-
zation with quality lowrr partially
t detoxicated toxins.
( .
b, Ordinary anatoxin Partially detoxicated toxin
L Horse .
_ Dose  [Quality Titer . Dose |Quality | Titer
(in m1)} (in EC) |{(in AE/ml)] (in ml)| (in EC, |(in AE/ml)
663 160 500 | 30 © 300
705 100 500 50 ' 500
f 477 150, 300, 150 600 150, 3Co0, 50 -.500
| 500 500
; : 668 100 800 30 500
- 673 , 100 €00 ! 30 ‘ 400

The analysis of the above presented data indicate that
decrease of the dose of partially detoxicated toxin or its
lower quality does not increase the antitoxin titer in the
blood of the horses, and in many cases it leads to lowering

3 of the tites,

‘ When the producing horses are changed from partially
detoxicated toxin to the native toxin no positive results
were observed either. Thus, nireteen horses during the im=
runizatinn with partially detcxicated toxins have an averag#

& o titer equal to 520 AE/ml, while upon .ransfer to the immuni-
' sation with the native toxin they produced average titer
equal tc 51C AE/ml.

Thus, the comparative evaluation of antigens, used for
the immunization of antitoxin ptoﬁuciﬂ& horses had shown
that the native and  «wtisl)y detoxicated toxin upcn the ir-

- jection to the nrodveline snimal whosa antitoxin titer in the

‘% :  blood has decroaied, leads ks ‘5 increase of the antitoxin
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titer when the quality of the toxins and their doses are not !
lower than the corresponding adoses of the previously used pre=- f
~paration.

According te our data the toxins in comparison with par.i-
ally detoxicated toxin of the same quality do not have any
advantages. The change of the immunization of norses irom one
form of tetanur antigen to other forms must be conducted only
in those cases when in the arimals immunized with this antigen
low antitoxin titer is obtained. In the same cases, when the
producing horses develop antitoxir in sufficiently high titer
during the immuniza’‘ion with ordinary anatoxins change to
immunization with other preparations is not beneficial.

The antigens must meet the following requirements: they
must have high immunogenic properties and their immunizing
strength must be exprwzsed in standard immunizing units. The
antigens must produce ainimum reacticns.

We stidied the :eactions and hemodynamics in producing
horses in the course of tne immunization proucess with different
antigens.

The immunization with partially detpxocated toxins did not
produce any more serious reactions in horses then ordinary
immunization with tetanus anatoxin. The immunization of horses
with native toxin preduced more severe reactions: the animals
were irratated, showed muscular tics, heavy breathing, did not
accept food for two to three days and werz in a dapreised state,

(eoenclusions

1, The initial ryclic immunization ¢f previously con-
ditioned horses is best done with a five ml dose.

. It i{s worthwhile to change horses which produce lower
titer during immunization with ordinary anatoxin to partially
detoxicated toxin (seven to ten day detoxicetion). The juality
and doses Of the detoxicated toxin must not Le lower tl.-n the

«275=




IR SOt i Stk |

dose of the previously used preparation.

3. In our experiments the toxin was not found to be any

more advantageous than partially detoxicated toxins.

(1]

21

(3]

(4]
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| ' STUDY OF THE CONCENTRATION OF LIPIDS IN THE
! PLACENTAL BLOOD SERUM IN THE PROCESS
OF THE PRODUCTION OF

GAMMA GLOBULIN

| - by o

, V. A, Dubova, Laboratory of Diffraction of ' |

| Proteins (Candidate of Medical {

t Sciences M. G. Kashtanova ' '
‘ in charge)

During the production of gamma globulin from the placental
serum formation of sediment in the preparation occurs when the

latter is stored over different periods of time, and frequently
soon after filtration. The cause of this is not always under-
stood.

Earlier (Dubova and Nechayeva, 1958) investicated the
effects of the residual alcohcl on the physical properties of
gamma globulin. The results of the work have shown that the

s e A b Ao e a1

presence of small amounts of alcohol in the finished preparation

is not the principal cause for its instability (Table 1).

Table 1.

Effect of the residval alc»ohel on the stability of

e R AL Bt o

the finished gamma globulin product.

. i | Napakrep dumitaeckux |
‘ Cpox  Coaepwasine  yucno | d cnouers Cradiucn-
i XPAauciin cmlpr)a i copuli ‘ " e HocTL (3 %)
: (v ronax) (v % C Pasenipaen o o haves -0 %
a o) i c B & i, RIACK £! q
; i ,
; 1§ 0 12 2 5 1w §3
§ V
1.6 1,33 33 ! 3 3V 2
i R S 4 % ! 35
l :
1.8 L I N VO R | 52
] ]

Key: a= Duration of storage lin years);

v b= Corcentration of alcohol (in parcant);

! c= Numker of series;

S d= Nature of physical properties;

ol e~ Changed;

f- Did not change; g~ Scability (in pe.cent).
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Thus according to our data, the presence of alcohol up
to 4.5% in the finished gamma globulin preparation is not the
sole reason for formatioa of sediment. According to the work
of Rozenberg, Kholcheva and others, who determined the reason
for the formatiocn of turbidity in antimeasles serums upon
storage, there are bases to balieve that the physical properties
of gamma globulin are affected more significantly by the pre-
sence of lipids. '

The purpose of this investigation was to determine the
effects of residual 1lipid components on the stability of gamma
globulin, It is known that blood serum consists of protein
fractions, which are closely related to lipids. Approximately,
one fourth of the proteins in the serum is combine¢ with tipids,
forming lipoprotein complexes. We investigated the concentration
of lipids, using the extraction method in a Soxhlet apparatus,
both in the starting placental serum and at different stages
of the production prccess.

In comparison with serum of venous blood, the concentration
of 1lipids and cholseterol in the placental serum is signifi-
cantly higher (Table 2).

‘Table 2.

Coricentration of lipids in placental blood serum.

Serum Density of Concentration of Concentration of
serum lipids (in mg %) free cholesterol
(in mg %)
Venous 1.026 400~-1400 . 40-120
1 1.020 2400 123.7
o 2 1,020 1800 140.8
t 3 1,012 780 152.3
o 4 1.022 1920 113.6
5 5 - 1640 140
l 6 - 1000 125
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The obtained data on the concentration of lipids in the
placental serums correspond to the data of Balakhovskiy eéend
Travina, which indicate that during pregrancy the overall
content of lipids in human blood serum increases. The in-
crease of the concentration or 1lipids in the placental serums
necessitates their removal ir. the course of the production

" of gamma globulin, According to the data of Anichkova (1956),

Blix (1941), Oncley (1950) and Cohn (1945), the lipids are
plimarily bound with &= and B-globulins, but in the course of
the fractionation the lipid component remains in other fractions
as an undesirable impurity.

In order to determine the concentration of 1lipids in
various stages of the fractionation process three industrial
series were subjected to the investigation. It was found that
in individual processes the concentration of lipids varied
significantly in the same protein fractions. This depends both
on the concentration of lipids in the starting serum, as well
as on the correct adherance to the conditions of the techno-
logical process. A large part of the lipid components is
gradually ramoved in the production c¢f gamma globulin. The
principal mass of free lipids is noted in B-fractions after
the second precipitation. In this stage of the production pro-
cess the removal of the cholestercl also takes place. The
determination of the cholestero. was conducted according co the
method of Engel'gard and 3Smirnova (1926)., The finished gamma
globulin product contains only traces of cholesteroi, while
other lipid fractions are nct removed in the course of fraction=-
ation. These unremoved fractions are primarily phosphorus
containing lipids which are tightly bound to proteins.

The difficulty of removing certain lipid fractions lies
in the fact that they are in the bound form, and therefore
the total removal of lipids from the blood by simple ether
extraction is not always possible., In thnis case it is first
of all necessary to destroy the lipid=protein complex, Phospho-
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lipids are invariably found in the tightly bound protein lipid
fractions in gamma globulin.

A more extensive study of the

lipid components was conducted in the gamma globulin fraction

and in the finished preparation obtained under industfial con-

ditions. In these investig:tions attention was also given to
the physicél properties of :zhe finished gamma globulin prior
to packaging into ampules.

The causes for the difficulty of

filtration through the candles and the formation of flaky de-
posits during storage were investigated (Table 3).

Table 3,

The results of the investigation of the physical

properties of jamma globulin

Series of gamma| Free lipids Physical properties of gamma
glcbulin (in mg %) globulin
5 No Completely transparent
32 No Completely transparent
36 Traces Completely transparent
26 400 Flake formation after 2 months]
of storage
118 b 597 Increased viscosity
515 Impaired filtration through
candles
56 b 476 Impaired filtration through
candles
34 650 Impaired filtration tihrough
. candles
104 620 Impaired filtration through
candles

In the absence of fres

lipids in gamma globulin or in

the case of negligible concentrations of the latter the gamma
globulin solutions display stable physical properties. The
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presence of free lipids impairs the filtration of the solution
of gamma globulin.

The data of our previous work have shown that vacuum
filtration aids in v r2moval of alcohol which remains in the
gamma globulin solution after fractionation with alcohol.

As a result of this investigation it was established that
in the course of the filtration process through pulp or candles
partial removal of lipids from the gamma globulir solution alsc
takes place. In the course of the investigation in the first
experiments the concentration of lipids in the pulp through
which the preliminary filtration of gamma globulin solution was
mede was determined as well as its concentration in the physio-
logical solution which was used for washing the candles after
filtration.

In the second experiment the candles through which the
gamma globulin was filtered were washed with a small amount of
ether in which some extracted lipids were found.

The conducted work has shown that small amounts of lipids
which exist in the placental serum are removed in the course
of frac+ionation in the second stage along with the B-globulin
fractions, to which they are tightly bound. | i

. Under normal fractionation traces or insignificant aiounts
of lipids remain in the gamma globulin fraction. Gamma globulin
containe primarily phospholipids (lecithin). In the case of
difficultiss arising in the fractionation process the concen-
tration of lipids in gamma globulin may be high, which in turn
may produce instav.iity ot the preparation.

Conclusions

1, The concentration of the residual alcohol up to 4.5%
is not the principal cause c¢f instability of the preparation.
The ccncentration of lipid component in the placental serum
exceeds the concentration in human venous serum,

2. In the course of tha production of gamma globulin in
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different stages, particularly in the second precipitation
stage, gracual removal of the lipid components takes place.

3. Increase of the concentration of lipids in gamma

globulin has a significant effect on its physical properties
and stability.

4, The next problem is the total removal of lipids from

the gamma globulin in fractionation of proteins of the human
placental serum. '

[1]

{3]

[4]

[s]
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CHANGES OF THE THERAPZUTIC ACTIVITY AND THE AVIDITY OF
ANTIDIPHTHERIA SERUMS AS A RESULT OF PURIFICATION AND
CONCENTRATION ACCORDING TO THE DIAFERM-3 METHOD®*

)

by

V. B. Freyman, Serum Department

* The work was ccnducted in the Perm Scientific Research
Institute of Vaccines and Serums.

. In the study of the therapeutic properties of native
antidiphtherial serums we became convinced that highly avid
serums have certain advantages from the therapeutic standpoint
in comparison with low avidity serums.

In this conrection we considered it necessary to verify
whether the advantage of highly avid serums is preserved also
when they are purified and concentrated by the Diaferm=3 methed.

In previous articles, we reported that the results of the
concentration of antitoxic serums according to the above method
produces a significant increase in the avidity; We also de-
cided to test whether the increase of the acidity also corresponds
to the increase of the therapeutic activity of the serum,

In tre available literature we were unable to find any
direct investigations in this area. We were only able to
familiarize ourselves with the investigations of Beylinson and
Shufer, who conducted the comparative investigations of the
therapeutic effect of native diphtherial serums and serums
concentrated by different methods with respect to guinea pigs
witn artificially induced diphtheria of the e¢ye. According
to the data of these authors the most active wera serums con-
centrated by the Diaferm=-3 method.

These serums possess five to twerty-fold higher therapeutic
effect in comparison with native serums, It should de noted
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that Beylison and Shufer did not conduct any special study of
the changes of the therapeutic activity of seruns as a function
of the method of their concentration, but only compared the
therapeutic activity of the native serum and of the serums con-
centrated Ly different methods. ‘

-We investigated forty~six antidiphtherial sez.ms, and
fifty-twc antitetanus antitoxic serums before and after con-
centration. The first experiments were conducted with anti-
diphtherial serums.

Method

The guinea pigs, weighing 250 to 300 g wzre injected with
one Dlm of the serial toxin in four ml of physiological solution
subcutancously in the sternum region. Three hours after the
injection of the toxin, the guinea piys were injected with 20,
or 10 AE, 5 and 1 AE of the tested serum subcutaneously into
the hind leg. The avidity of these sciums was checked earlier.
The therapeutic doses were calculated on the basis of the
antibody titer, determined in the neutralization reaction
according to Remer (Table).

Table

Avidity and therapeutic properties of the concentrated
antidiphtherial serums.

, Therapeutic dose (in AE/ml)
Avidity Number of
serums 20 or 10 5 1
High 36 22 9 5
Medium 10 k) 4 3
Low - - - 1




In order to analyze our data more conveniently, we
arbitrarily divided our serums into three groups, guiding
ourselve:; by the levels of their avidity. Serums with indices
of the completeness of compound K, equal to or greater than
7.05, were placed in the group of serums with high avidity,
we groupad serums wiith avidity index equal to 0.5 to 0.75 as
serums »ith intermediate avidity and serums, the indices of
. which were less than 0.5 we grouped as low avidity serums,

It is obvious that such a subdivi.!ion was purely arbitrary
and we made out merely for convenience of the comparison of
the therapeutic activity of serums with different avidity.

The high avidity concentrated antidiphtherial serums were
generally found active in smaller doses than serums with low
avidity. In tharty-seven our of forty-six investigated serums,
the avidity increased as a result of pre-concentratiocn. Twenty-
three out of these thrity-seven serums also showed increased
therapeutic activity. These data indicate a definite .parallelism
between the changes of the avidity and the therapeutic activity
as a result of the pre~concentration of the antidiphtheriai‘
serums, '

Conclusions

1. The investigations conducted on the purification and
ore-concentration of antidiphtherial serums show that there is
a definlte relationship between the avidity and the therapeutic
activity of serums. Serums with high avidity in the majority
of cases display a higher therapeutic effect tnar serums with
iow avidity.

2. The relationship betwee.. the avidity and the thera-
peutic activity of secums is also supported by the fact that
during the concentration of antidiphtherial serums,for the
majority of serums the change in the avidity coinr.ides with
changes of the therapeutic activity.
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AVIDITY AND THERAFPZIUTIC ACTIVITY OF NATIVE
ANTIDIPHTHERIAL AND ANTITETANUS SERUMS*

by

V. B, Freyman, Serum Department

* The work was conducted in the Perm Scientific Research
Tnstitute of Vaccines and Serums.

Up to the present time the therapeutic strength of anti-
toxic serums was measured by determining the nurber of antitoxic
units in them.

This situaticn is a natural extension of the teachings of
the great German scientist P. Erlich on the subject of immunity.
According to his theory *the strength of the immune serums
corresponds totally and wholliy to the number of antibodies
which they cdntain.

Howéver, since the beginning of the twsntieth century
when the irmune serums, primacily antidiphtherial serums, were
widely utilized for therapevtic purposes and prevention of
disease, cases of noncorrespondence were noted between the
antibody titer of the serums and their therapeutic effects.

This was first poirted out by a I'rench scientist, E. Rue.
Accpding to his data in a number of cases serums with lower
an:-ibody content possess higher therapeutic strength then
certain serums containingy a larger number cf antibodies,

Analogous data were later oltained by Dreyer and Mausen,
Shwoner and Becher, Kraus, Barykin ana others (1903-19137,

In order to explain tnis noncorrespOﬂdence cetween the
antibody titer and the therapeutic strength of the Serum, Kraus
proposed tne hypothesis on the diflzrent rel=tionship cof the
serun tc the toxin, as a result of which the r-actiocn between
different serums and toxins proceeds with a different intensicy.

~288=~
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This property of the serum was given the name "avidity."
At present, the word avidity designates the intensity

with which a reaction proceeds between the antibedy and the
antigen.

Certain investigators, for instance(Frize, Madsen and
Shmidt, Makarova=-Tarasevich and Levkovich) indicate the ad-
vantage of highly avid serums as compared with low avidity
serums in the therapeutic respect. Others (Kolle and :. igge,
Feygina) do not find any relationship between the avidity and
the therapeutic activity of serums,.

In order to clarify this question we conducted several
series of experiments in which we compared the therapeutic

effect of high and low avidity native antidiphtherial and 4
antitetanus serums.

Avidity and Therapeutic Activity of
Antidiphtherial Serums

We investigated 136 diphtherial equine serums. We deter=-

" mined the avidity and therapeutic activity of the serums as

they were obtained from the horses.

The evaluation of the therapeutic activity of anti-
diphtherial serums was conducted immediately after the deter-
mination of their avidity: both avidity indices were taken
into account: the index of the completeness of the binding
of the antitoxin with toxin and the index cf the strength of
tli¢c obtained compound., The selected serums were as fresh as
possible. They were tested not later than one month after the ot
sample was taken from the animal. |

The experiments were conducted with guinea pigs. The
avidity was determined on the basis of the completeness cf
the combination of the antitoxin with the toxin and on the basis
of the strength of this bond.

As the basis of the method for the determination of the
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avidity of serums from the completeness of the binding of
antitoxin with toxin multiple observations on the frequent
noncorrespondences in antidiphtherial serums of the magnitude
of the antibddy titer determining in vitro in the flocculation
reaction according to Ramon and in vivo in the neutralization
seaction according to Remer anc Erlich were taken into account.
The experiments of Lenni and others (1925), verified by our
data, show that the ratio cf antibody titer %%—%%%go for a
given serum in a definite interval of time is a constant. Ace
cording to the data of Lenni, this number corresponds to the
results on the determination of avidity according to the Madsen
method,

The method for the determination of the strength of the
compounds in antitcxins and toxins consists of the addition of
different anounts of anatoxin to the neutral antitoxin plus
toxin mixture. The serum which reguires a large amount of
anatoxin for the dissociation of the bond with toxin is avid.
If the compound in the serum with toxin is split uporn the
addition of small doses of anatoxin the serum has low avidity.
It is quite understood that the avidity of different serums
may be intercompared only if the same anatoxin is used.

The experiments on the treatment of animals and low avidity
serums were conducted according to the following method. Guinea
pigs weighing 250 to 300 grams were injected with one Clm of
diphtheria toxin in four ml of physiological solution subcutan=
eously in the chest region. The preliminarsy experiments which
we conducted have shown that during the intravenous injection
of toxin it is very difficuit to determine the minimum lethal
dose; apparently due to the individual senzitivity of the
animals to the toxin. Therefore, we resorted to subcutaneour
iajection.

3ix hours after the injection cf the toxin, the guinea
pligs were injectlid subcutaneously with two, five and ten AE
of the investigated serum respectively. Each dose of the
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serum was injected into six guinea pigs. The control animals
were injected with normal equine serum subcutaneously. The
death of the animals was observed in the course of four to five
days after the injection of the toxin. Since the titers in the
flocculation reaction according to Ramon and neutralization
reactions according to Remer display a discrepancy, in many
serums, the therapeutic activity of antidiphtherial serums

in the first series of experiments were determined parallel in
two experiments.

In the first experiment the serum dose was injected on the
basis of the antibody titer, determinad by means of the floc-
culation reaction, while in the second experiment the serum
dose was injected which was calculated on the basis of the
antibody titer determined by the neutralization reaction accord-
ing to Remer.

In computing the therapeutic doses, basing them on the
antibody titer, determined in the flocculation reaction, a
definite advantage of the highly avid serums was observed in
comparison with low avidity serums (Table 1). |

Table 1.

The relationship between the avidity and the therapeutic
effect of native antidiphtherial serums in computing doses and
taking into account the antibody titer, determined by the floc-
culation reaction,

e
Avidity index (K) Number of | .lerapeutic dese (in AE)
serums 5 5 10
>1.0 43 27 19 2
0.75 = 1.0 49 12 26 il
<0.75 39 - 17 22
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A somewhat different relationship between the avidity

and the therapeutic property of the serums was observed when
the dose was computed on the basis of the antibody titer deter-~
mined in the neutralization reaction according to Remer,

Such sharp differences in the therapeutic activity of high
and -low avidity serums as was shown in choosing the therapeutic
doses of serums on the basis of the antibody titer (determined
in the flocculation reaction) was not observed in this case.
However, in these cases one wobuld also note a definite ad-
vantage of high avidity serums over low avidity serums (Table 2).

Table 2. .

The relationship between avidity and the therapeutic effect
of native antidiphtherial serums in computation of doses on the
basis of antibody titer determined in the neutralization re-
action according to Remer.

Therapeutic dose (in AE)
Avidity index (K) Number of

serums 5 5 10

>1.0 48 17 2¢ 9
0.75 - 1.0 49 15 a0 14
<0.75 3% 4 15 20

The explanation for this phenomena we believe may be given
on the basis of the difference in the strengt!i of compounds with
toxin in high and low avidity serum. It is known that the
formation of a compound between antitoxin and toxin is re-
versible and a certain fraction of toxin may be liberated as
a result of the dissociation of the compound. In low avidity
serums, the strength of the compound with toxin is signifi-
cantly lower than in high avidity serums. Consequently, in
using low avidity serums as & result of the dissociation of
antitoxin plus toxin compound, a larger amount of toxin is
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liberated than in the case of highly avid serums.

In order to produce a therapeutic effect it is necessary
to neutralize the liberated toxins. The lower the avidity of
the serum the larger the amount of toxin which is in the free
state and consequently, the amount of serum which is required
for the additional neutralization is larger.

It is unclear, why there is not a complete parallelism
between the magnitude of the avidity of the serums and the
degree of their therapeutic effect. We believe that the following
explanation is most appropriate. The effect of immune serum
in .the organism of an animal cannot be reducad to a simple
reaction between the serum and tihe toxin, by equating a living
organ.sm to a test tube with reacting substances. Without
any foubt a whole combination of complex reactions, both chemical
and physiological between the serums and the organism, the or=-
ganism and the toxin, between different intermediate products
of these reactions among themselves, as well as with the
organism in turn, etc. take place.

As a result, the organism is subjected to a colossal number
of possible impulses and irritations. The various therapeutic
or prophylactic effects result from all of the interactions
on the organism.

In order for the immune serum to be highly effective it
must possess many properties. One of the properties, as our
experiment has shown, is the avidity =-- the intensity of the
rcaction of the serum with toxin. However, while avidity is
determined qualitatively the reaction aspect between the
antibody und the antiger. cannot, and does not determine all
interrelationships between the serum, the toxin and the organism,

Avidity and Therapeutic Activity of Native
Antitetanus Seruns

It is known that in view of the very characteristic
interaction between tetanus toxin and the nervous system, the
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.experimental method was as follows. The mice were injected

specitin serotherapy of tetanus intoxication is much less eff=-
ective than sercoprevention. We have considered that the
difficulty of the serotherapy of tetanus may hinder the
differentiation of antitetanus serums with respec“ to their
therapeutic effectiveness. On the other hand, it would be
very valuable to determine the relationship between the thera- '
peutic effectiveness and the avidity for antitetarius serums.

We investigated eighty-onre serums from thirty horses. 1In
order to obtain more pronounced results we selected for the
experiments, serums with the highest and the lowest avidity.

The experiments were conducted with white mice. The

with two D1lm of the toxin subcutaneously intc the hind leg.

On the following day when the mice displayed the symptoms of
the first degree tetanus, they were injected with 100, 300 and
500 AE of the tested serum respectively. The survival results
were observed in the course of four days (Table 3).

Table 3.

Therapeutic activity and avidity of native

antitetanus serums.

Avidity index {(K) |Number of Therapeutic dose {in AE)
serums 100 300 500 |without any;
therapeutic
effect
>1.0 4s 19 14 8 4
<0.5 36 2 10 13 il

The highly avid serums wece more advantageous in the
therapeutic respect than the serums with low avidity.
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Conclusions

1. As a result of the investigation of the therapeutic
activity of native antidiphtherial serums it was found that
out of forty=eight highly avid serums twenty-seven displayed
a therapeutic effect in 2, 19 and S5 AE dose. Out of thirty-
nine low avidity serums not one showed a therapeutic effect in
a two AE dose, severnteen serums were found to be effective in
five AE doses. and twenty-two serums in ten AE doses. |

2. Analogous cdata were obtained in testing the thera-
peutic activity of the nntive antitetanus serums. Out of
forty~five serums with high avidity nineteen serums possessed
high therapeutic effectiveness, twenty~two serums displayed a
therapeutic effect in relatively large doses and four serums
did not show any therapeutic effect at all. ovut of thirty-six
low avidity serums only two serums possessed high therapeutic
effect, twenty-three serums displayed therapeutic effects in
high doses and eleven serums were found not too effective at
all in the investigated doses, |

3. The obtained results give basis for the belief that
there is a definite relationship between avidity and the thera-
peutic activity of the native antitoxic serums. In the majority
of cases, the serums with high avidity possess higher therapeutic
activity than serums with low avidity.
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.. MULTICOLOR MACHINE FOR LABELING AMPULES AND
BOTTLES WITH MEDICAL AND MICROBIOLOGICAL
PREPARATIONS

(Communication I)

by

B. V., Sizov and V. A. Nikitin, Bottling and
Packaging Laboratory

The labeling of medical preparations cannot be considered
insignificant. Until recently, ampules and bottles were labeled
with paper labels. This method has a anumber of sigrificant
drawbacks. Paper labels interfere with the visual control of
the preparation both in the production process, as well as
prior to use.

Therefore, direct printing on the glass, i.e., printing
of the labels on ampules and bottles, is being used more and
more frequently.

The appearance of ampules and bottles with labels put
directly on the glass is definitely superior than of the ampules
and bottles with paper lakels. In this case, as it was stated
above, not only the externel appeararce of the ampules and
bottles is improved, but also the macroscopic control of the
preparations both in the production process as well as prior
to use is also easier.

The conversion to labeling directly on the glass also
eliminates the necessity of conducting a number of operations
assoclated with the printing of acditlonal informatlion ¢ the
labels (for exampie, printing of the dute of preparatlion,
printing of the date beyond which the preparation should not
be used, the number of the serles, capaclity, etc.), and glueing
and the step involving the printer it also eliminated which is
very important,

These advantages necessitate the construction ¢f labeling
machines for direct printing on the glass.
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The presently existing labeling machines have a host of
drawbacks: poor quality of the printing, printing with one
cclor, bulkiness of the machines, etc.

This situation detracts from the wide usage of these
machines for orinting on glass.

As a result of multiple experiments, a multicolor printing
machine for direct labeling of ampules and bottles was de-
veloped in our institute. A great deal of work was also
conducted in our institute on the selection and making of
paints* and solvents, which have a significant effect on the
quality of the printing.

* The formula for the paints will be discussed in a sepa-
rate communication.

The machine which was introduced into production meets
all of the production requirements and is used for marking
of ampules and bottles with preparations issued for the
Moscow Scientific Research Institute of Vaccines and Serums
in Mechnikov.

The general view of the machine in the working position
during the printing of three color labels is shown in'Pig. l.
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Figure 2.

Machine Specifications

Capacity of ampules (Bottles) which the machine can
handle eececcsccocossosssscccnscccsnscascsnseseecs 1=50 ml ;
Production Capacity eeececescesccesassoacccscesass 1640 items/hr 3
Number of revolutions of. the transpcrted disk .e... 14 rpm
Dimensions of thaz machine: length ........ 400 mm . |
| - Width euseee.. 450 mm .
heigit seessees 550 mm - e .
Weight of the machine with electric motor... 40 kg =
Character*stics of the electric motor : '
number Of rPM «.coveneccssccesesesss 1400 rpm
capacity evevvecncenceccesccncceens .25 kv
¥oltage requirements............... 220-380 v
The schematic diagram or thc machine is represented in

Corstruction of the Machine i

The_machine consists of a rotating transporter disk

DA i e T

(1) with easi.y replaceable sockets (2) for amplles (3) and a - f

printing device. The latter consists of an offset cylinder
(4), three form cylinders (5,6) and three paint apparatus.
The paint is fed to the form cylirder (5, by the paint distri-
buting apparatus, consisting cf ducted shaft (7) with a steel
knife (8), elastic trarsmission zoller (9), elastic roller
(10), steel cylinder (1ll) and the elastic roller (12). The
Ducted shaft (7) is rotated continuously by means of the trans-
porter disk (1) and a belt drive (13). The transmission
roller is moved by means of a spring-loaded bar with a roller,
which interacts with the cam (15) on the ducted shaft. Tre
reinaining rollers of the paint apparatus mre driven by each
other as & result of the forces of frict’'nn.

The p&int is fed to the form cylindurs (6) by two paint
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apparatus on the side, each of which consists of a ducted shaft
(16), elastic rollers,(17) and a steel cylinder (18). The
thickness of the layer of paint on the ducted shaft is regulated
by positioning it to the appropriate level in the paint box (19).

The machine is driven by an electric motor (20). The silde
paint apparatus with form cylinders (6) are mounted on swivel |
frames (21) which can be moved away from the offset cylinder
(4). The sockets (2) for ampules or bottles (3) consist of
two elastic supporting rods (22) with semicylindrical grooves
(23) and a suppori (24) for rigidly fixing the ampule in the
axial direction (Figure 3). The élastic construction of the
sockets permits handling of nonstandard containers (ampules,
bottles), the diameter of which can range {-om 1 to 2.5 mm.
The well is mounted on a pin of the transported disk with two
nuts which enables one to replace it easily and rapidly when
different capacity ampules are being handled.

The ampule for example (3) is placed into the notches
(23) in the sides (22) of the socket (2) when the latter is
moved towards the offset cylinder (4), on which the printing
has been placed by means of three form cylindersfs, 6). The
drawings and the writing are reproduced by means of an offset
cylinder (4), on the surface of the container(3), while the
container is rotated in the socket due to the friction with
the offset cylinder. After this the container is removed from
the socket (2).

The Operation of the Machine

For the operation with the machine a bronze engraving
plate containing the text to be printed on the label, in straight
thick characters is prepared. In preparing the engraving plate
the dimensions of the text, the size of the ampules and bottles
must be taken into account in order to make an optimum placement
of the label or the surface of the ampule. Those parts of

=301=-

L e A A R . 5 st

b




et o st

the ampule (bottle) label which are frequently changed depending
on the iot number of the preparation, the data of the pre-

paration, the capacity, the series numbe}, etc. are made re- .
placeable in the plate. Windows are made in the plate to .l
provide these changeable designations.

- Figure 3. (A more detailed description of the machine
is given in the instructions issued by the Moscow Scientific
Institute of Vaccines and Serums im. I. I. Mechnikov in 1960),

To produce a three-color label, the plate is made of three
parts, each of which is placed in a separate stereotyped blecck
and they are mounted on the appropriate form cylinder (5,6).
If necessary these three parts of the engraving may be placed
» into a single stereotyped block which is mounted on the form

: cylinder (5) and printed with one color. In the case of
- . necessity, the label may also be printed in two colars,
‘ For printing with one co.or, the two end paini apparatus
are separated from the offset cylinder by simply moving them
_away to the side and fixing them in a neutral position with
| pins (Figure 4). The end paint apparatus are mounted on the
. ! s1iding frame which enables rapid and easy conversion of the
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machine to a single, double or triple color printing.

-

Figure 4.

The machine utilizes elastic rollers from a roller compo=-
sition. The roller composition consists °f gelatin and:
qucerine; which can easily be prepared in pléce and cost into
the shape of the rollers in the appropriate forms, to replace
the old worn cut rollers. This process does not reqguire
vulcanization and subsequent accurate machining of the rollers.
Thls again makes the operation of the machine independent
of the supply plants and creates a corresponding convenience

of operation.
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Prior to the beginning of work, the appropriate color
paints are put into the paint boxes. On the leit of the machine
a tray with ampules is placed and on the right, an empty tréy
for finished ampules. The machine is turned on, the operator
takes the ampule with his left hand and places i: into the
socket. After printing, he removes the ampule with the printed
label using his right hand, checks the quality of the printing

and places it into the empty tray at the right etc.

The immediate packing of the printed containers into the
packaging tares is also done. '

As it can be seen, the machine has a number of significant
advantages over the earlier known machines, namely:
1) portability, small dimensions and small weight; 2) sim-
plicity of construction and operation; 3) printing with one,
two and three colors; 4) regulation of the pressure between
the cylinder and the roller of the printing device; 5) it
practically insures printing of labels of ary contert within
the system of bureaus of the Ministry of Health of the USSR and
RSFSR; 6) .it is a universal machine due to the replaceable
sockets, it prints on containers (ampules, bottles) of different
capacity (1-50 ml), and as a result of the replacement of the
transporter disk and the wells,; it can print on containers, the
capacity of which is in excess of 50 ml; 7) printing on

ampules and bottles of the same capacity which vary in diameter

by as nuch as 1 to 2.5 mm is possible due to the elastic
construction of the sockets.

Conclusions

l. The direct printing on the glass ensures macroscopic
coatrol of the preparation both in the production process as
well as prior to use by the comsumer.

2. The machine may be used for small and large series
production of the industrial establishments producing galenicals
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pharmaceuticals, institutes and sanitary epidemological stations
and other establishments which issue medicines and microbio-
logical preparations in ampules and bottles.
3. The machine can print one, two and three color labels.
4, The machine can print on ampules and bottles which

et e 8 5 W 45 R e 5 G S0

have not been accurately calibrated.

5. The machine improves the external appearance of the
ampules and bottles and creates concitions for further im=
provement in the preductivity of labor as a result of the
mechanization of the feeding and packaging of ampules and
bottles.
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A MULTICOLOR SEMIAUTOMATIC MACHINE FOR PRINTING
LABELS ON AMPULES AND BOTTLES WITH MEDICAL
AND MICROBIOLOGICAL PREPARATIONS

{Communication II)

by

B. V. Sizov, V. A, Nikitin and Yu. D. Polyak,
Bottling and Packaging Laboratory

The need for increasing the productivity of labor and
improvement of the quality of printing forced the further
improvement in the construction of the existing labeling
machines. We have described earlier, a multicolor label printing
machine for printing labels on ampules and bottles with micro-
biclogicél preparations. That machine was loaded and unlcaded
manually.

On the basis of the =xperience with the operation of that
machine in our institute we have now developed a more advanced
labeling machine, a semiautomatic type with automatic wiping

of the ampules and bottles prior toc printing of the label.

In printing machines the productivity is generally limited
by the manual feeding of ampules and bottles into the machine.
In the case of manual operation, one must make the necessary
pauses, which disrupt the continuous operation of the machine
and lowers its productivity. Therefore, to increase the pro-
ductivity of the machines, i* is first of all necessary to
autométe the feeding and the removal of the ampules. This was
the principal factor which limited the productivity of the
machine, : o -

To improve the qﬁality of the printing and also to ensure
clear and complete printing, & new section was udded to the -
machine for wiping the surface of the ampules prior to printing,
since even on the surface of ampules which were washed, smalil
traces of grease are found which sharply decrsase the quality
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of the printing.

With th2 introduction of preliminary wiping it becomes
unnecessary co have a thorough gquality control of the printing
and retain oaly an occasional random control, which again
enables one to increase the productivity of the machine.

Thus, the productivity of the machine may be increased
due to the iacrcase of the rate of operation of all of its
units, correspondingly increasing the rate of processing of

the ampules (during passage through the machine) up to any :
magnitude. E
However, for microbiological preparations such acceleration
above certain limits leéads to foaming of the contents of the
ampules, which has an undesirable effect on their quality and
therefore is not permissible.
So, foaning is the final factor which limits the produc-
tivity of the machine.
In the case of semiautomatic loading of the machine, the
ampules are placed into the bunker in cartridges, which have
been loaded a priori. The finished product is manually re-
moved from a wide transporter. The elastic construction of the
socket has been retained which permits the printing of the
ampules for which the outside diameter varies within 1 to 2.5
mm limits.,
This enables printing of labels on ampules of nonstandard
product.on.

Technical Specificaticns of the Machine

Productivity === 4000 items/hour.
Capacity of the ampules (bottles) which can be handled .
-= 1 to 50 ml,
The electric drive motor == 0.5 kw, 220/380 v, 140 rpm.
The general schematic diagram of the machine is shown
in the Figure.
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The machine consists of a hbpper (1), chain transporter
(2), with sockets (3) for the ampules (4) and the .printing
apparatus. The bottom of the hopper (1) is a drum (5) with
sockets (6). In each socket a pair of rollers (8) is placed
on a hinged spring loaded lever (7), and along the periphery
of the drum wiping rollers (9) are placed which are wet
periodically by means of a dropper (10) and rotated by means
of a gear (11), which is connected to a pulley (12).

Between the drum (5) and the transporter (2), there is
a counter (13) for counting the anumber of objects. The counter
acts when the ampulc or bottle presses upon the lever (14),.

The transporter (2) is made in the form of two chains
with sockets mounted on them (3). The sockets are made elastic
for pressing the objects to the offset cylinder (15). The |

drum -(S) is driven by the transporter (2) through a gear (16),

and the transporter is driven by the offset cylinder (15).
To prevent sagging of the chain of the transporter during
contact of the object with the offset cylinder (15) support
sprockets (17) are used. '

The three-color printing apparatus consists of three
analogous systems, where the central system is mounted rigidly, .
while the two end systems are mounted on sliding frames (18)
with retainers (19), which enables the easy changeover from
three to two or one color printing or visa versa.

The paint is fed to the form cylinders (20) by means of
the ducted shaft (21) and a system of spreading rollers (22).
The required amount of paint is controlled by a knife (23).

The machine is driven by an electric motor (not shown in
the figure) through a belt drive (24) to a pulley (25) and
subsequently to one of the spreading rollers (22) and the
offset cylinder (15). The end systems of the printing apparatus
are driven by the cylinder (15). Each of the ducted shafts
(21) is moved pariodically by means of a ratchet mechanism and
is rocked on a spring-loaded lever (27), which presses it
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periodically to the spreading roller (22) during the inter~
action of the notch in the cam (28) with the stationary roller
(29).

From the hopper (1), the objects (4) enter one in each
socket (6) in the drum (5) and are placed on the spring loaded
rollers(8), which duriné the rotation of the drum press them
to the wiping rollers (9) for cleaning. Subsequently, the
drum passes them into the sockets (3) of the transporter (2).
The transporter moves them to the offset cylinder (15), which
places the label on their surface after which the object is
removed by the carryout transporter (30).

.In the proposed semiautomatic machine the printing apparatus
is analogous to the multicolor printing machine of our institute
which was described earlier.

Therefore, the printing part of the semiautomatic machine
is prepared for the operation in much the same manner as the
printing part of the previously described machine of our
institute., Prior to the beginning of operaticn, the appropriate
color paints are put into the paint boxes, the magazine with
ampules is placed into the hopper, the appropriate engraving
plates are placed on the form cylinders, and the cleaning
liquid is put intc the dropper. Following this,one can proceed
with the operation of the semiautomatic printer. During
operation the magazines are occasionally changed: empty
magazines are removed and magazines loaded with ampules and
bottles are inserted. In order to change over tc operation with
different capacity, ampules change of the transporter (2) and
ragulation of the rollers (8) of the wiping drum are required.

The replacement of the transporter is associated with

~certain inconveniences. Therefore, in the new design of the

semiautomatic machine, a disk transporter is anticipated

which will be more convenient and simple to produce, and also

simple to interchange during operation. AL the same time, the
relative placement of the individual units making the machine
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more compact and convenient has been made. Thus, the printing
apparatus placed at the bottom end is closed by the body of
the machine. ’

Conclusicns

1. The automation of the feeding and removal of in-
dividual ampules during the magazine ioading of the machine
increases the productivity of the machine significantly.

2. The device for wiping the ampules and bottles in the
machine ensures an improved quality of printing.

3. The significant advantage of the machine is its ability

to operate with nonstandard containers, which have significant
scattering in their external diameters.

4. The machine is capable of marking vessels with one,
two or three colors.

5. The machine is simple to construct and to use.
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