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. Plague Immunology.

VI, Bacteriolysis in Plague. ;
Erd (;rom)the State Institute of Microhiology and Epidemiology of the South-
West USSR

by Ne N, Zhukove-Verezhnikoev and T, D, Faddceva,
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Vestnik Fik*obiol., Epidemiol. i Parazitol, 16: 5#-63 1937.
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The monographs of Dieudonne u. Ctto end Pollitzer are the only works in
which attcmpts hzee beon made to combine, as far as possible, a2ll data on
plague immunology.

On the problem which is of interest to us, there is oresented there 2
reries of investi-ations,and the general conclusion drewn from them 1s that
the action of antiplegue serums is based on their bactericidal properties,

It would appear completely natural, therefore, to turn one's attention
to & study of tho mechanism of the bacteriolysins! action for the purposo
of working out methods of titrating antiplague serums.

¥evertholese, until recently there have been practically no works on
the fnvestlgation of bacteriolysis in plegue. The reason for this circumstance
is undoubtedly the fact egtadblished by Xolle, thzt bacteriolysins do not act
in vitro, Consequently, it 1s necessary to carry out tho titration of bac-
torfolysins in vivo, which mekes a quentitative calculation éifflcult., In
addition, Xolle pointed out the lack of constancy anc. concieeness in the
fixed complexent test, :

The lest protlem wes reviewed by Greval and*Dalel on tho bhesis of mod-
ern microtiological techniques. The authors come to the following conclusion:d
the fixid complemont test may be alego usable " for measuring the titer of
antiserwas without denendence upon tie method of immunizationi"™ it is true,
the authors note, that, "this system is rated below the agglutinatioa test,®

4 secmed necessary for us t0 reexamiae the flrst question established
hy Xolle: can bacterislysis oceur in vitro in plegue.

Togcther with this, it should be noted thet there are data which jmdi-
to an abgsence of complement in the organisa of animals infected with B.
ostic., 4nd therefore it seoms important to also answer the question, does

mcnt with wA;mlr..vu.c:: serums. and is it inﬁossible to eliminate this insuf-
Sicloney by the injection of fresh complenent,

Cur first ta~k led to 2n attenpt Lo produce bacterioiysis in vitro using
o syston dszering from that of Kolle,

We ascumed that if it vere impossible to obitzin & bacteriolytic effect
{@1ss0lving of the bacteriz)proverly in vitro, then it mzy be possidble to
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(:) ‘deve lop a baotericidal effect (death of the bacteria without dissolution)
At firel we adopted analready well known system for the resolution of this
“prodlem. In owr tests 1t ‘is descrived in the following form: we poured into
.each of the ernerimcn*al test tubes 0,5 en? of an inactivated ant iplague
‘serum, 0.5 civ of an emulsion of B, pestis of a definite concentration and

v - 0425 cad of guinea pig serum, The same ingredionts went into the control of

the complement, only the guinea piz serum was made inactive at 56 C for a
period of 15 minutes, In eddition, a general control was established con-

< elsting of inactivated complement plus inactivated normal horse serum plus

© & B, pestie cmulsion. All the test tubes wore pleced into a thermostat at

28°C for 40 minutes and rom each of them one droplet was taken, transferred
to Petri dishes with egar’and carefully rudbed in, For the first and gecond
24-hour periods a tabulation was mede of the colondes and their character
surveyed. This systen proved to be unsuccessful in regards to 3. pestia.

The fect being that B. pestis in secdings on Petri dishes grows on common
MPA only with a sufficiently huge inoculction, while not growing in small
quantities., In othor words, with decrecsing doses of inoculation, the num-
ter of colonies does not decline in parallal with the gradual reduction of

: the amount of inoculated materisl, but falls critically as soon as it passes

{ a known threshold. This threshold for B. pestis lies much higher, that 1is,

it was expressed in larger quantities of the inoculation material in compar-

igson, for example. with the intestinal group.
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Consequently, we modified our system in such a manner so that for the
B . developnentof bacteriolysss from tho experimental and control test tubes

P (in tadles 1, 2 & 3 the left side of the tablee indicates these orest tubes

P/ and their ingredients) after their stay in the thermostat at 28°C for &

; 40 mirte period, the sowing was not made onto Petri dishes, but into test
tutce containing 1.8 emd 6£ broth which was first poured and sterilized. 4s
meny saries were taken ags there.were experinental and control test tubes to-
gevher, and oach series in turn consisted of 10 test tubes. The inoculation
was nude by the following method: after a thorough mixture, 0.2 em3 of the
conternts from tha original test tubes was transferred into the first test
tuve; it was carefully mixed and again 0.2 cm”? was transferred through a

« fresh pipette into enother test tuke and so on. Thus, & tenfold dilution was
received, gsuch e3¢ 1: 10, 1:100 and so on to the tenth test tube, corres-
ponding to a 1:10 milliard dilufion of the original material. The culture
vias placed irto & thermostat at 28°C snd the cultures checked at the firet
end gecond 24-hour periods.(the datz o.” this portion of the experiment are
inaerted on the right sido of tables 1, 2 & 3 and indicate the highest dilu-
tion which still gave growth). The exporinment was calculated on the basis
of the fact that with a decrease of the number of microbic bodies in those
Lot tubes conteining ell the ingredicnts necessary for bacteriolysis (im-
rune serun o active complement) the growth will be in the lower dilutions,

tabnle Fo. 1, test No. 1. are shown the highest dilutions which zave growith,
1:310,000 and 1:100,000. It ic evident from them that there is no difference
wetween the test tubes with the active complement (exverimental) and thosa
with the inactivated complement (control): Iersen's seruz, both with the

(8]




@

inactivated and with the activaton conmplement, nermits the growth: of B. pes~
tis to 2 dilution of 1:100,000; the capsule serum permits the growth to a
dilution of 1:10, 000, The general control also gives & growth in & dilution
of 1:10,000., It scemed possible to us, in view of the special properties of
3. pestis for the accomplichment of kacteriolysis, that in eddition 4o the
bacte‘iolysins and the complement, there is needed some third factor. which
ig present in an organicm, but absent in a test tubde. Leucocyten could prove
to bo this factor. For a chock of this possibility, weakof course, but' one
waich cannot be rcaected in connection with B, pestis, the following test

W as staged. To the test tubes; which were prepared es for the first test,
wers added washod-off leucocytesc from & sheep and from en immune horse, 0.5
cmd in each tect tube (tzble L, tosts Fo. 3 & 4). It is evident from the
tests that whole leucocytes do. not contridute to the bacteriolysis of’B.
pestis in vitro. In test YNo. 3 the growth, both in the experimental and the
control testtubes, was 1:10, 000. 4n test No. 4 the vrowth in all cases was
1:100,000. .o

Considering itfpossible that,the capsule‘oi B, pestis nay play sdme
role in tho bacteriolysisc, we arranged an experiment in the former order,
tut using a eulture:grown at 37°c and,consequently, having capsules. The
hopes at this moment were also unjustified, as seen in table 1, test No., 23
Thus, the resulto which are condenqea in teble 1 definitely confirm the

~ data of Xolle, concerning the inactivity of bacteriolysins in vitro in the
" presence of 8 sufficientlj active comnlement. 1

il

For an eyplunation of the bacteriolyains' refusal to work in vitro,

© aifferont experiments were .deminded., The next attempt to regolve the prob-

lem emerged flem such considerations as ¢ the test with dbacteriolysis in
vitro was generally made with undiluted serums, but meanwhile such & systen
nay, lend itself to experiencing the so-called Neisser-Wehsberg phenonenon.
It consists of the fact that in some coses bacteriolysis in vitro is pos-
sible only with diluted servms- and is cempletely absent with the undiluted.
Tor the purnose of teking this importunt irndication into consideration, we
staged the teat of bacteriolysis in vitro in the order given below (tabdble 2).

The vrimary test with controls was now made with not only the undiluted
seum, vut algo with the diluted, that ic, it eonsisted of 18 test tubes (6

" testtubes for eacn control snd test), brinzing the dilution of the serums to

1: 160. The rest of the ingredients were added to 0.5 cn3 of tle diluted .
cerums in the same ratios, that is, 0.5 emulsion 4 0.25 complement. All test
tubes wers placed into the thermostat, After 40 minutes a geeding was mede
Trom each teat tube of the primary test into 10 test tubes, with the pre-
rious rulcs being observed (the careful mixing, the changing of the pipettes).
Thus, cach serum with the two controls gave 18 series with 10 test tubes in
each, 180 in &all, A1) of the test tubes were placed into a thermostat at
28°C and checked after 1-2 days. Four tests were staged and they gave very
inconsistent results, Test No. 5 indicates that the general control gave the
larger number of test tubes with growth, then came the complement control,,
end the least of all was the test itself. Test Yo. 6 gave practically no
difference between the exverimental and controel test tubes., Tests Yoo 7 and
8 evon gove a reverse victure, that is, the growth claimed a larger number
of dilutions in the experimental test tubes than it did in the control,




Theredby, table 2 results in showing the imposaibility of drawing a pos-~
itivo conclusion concerning bacteriolysis in vitro with plague; although test
No. 5 does indicate some influence of the dacteriolysins on B, pestis, it is
not = rule, because when repeated, different results were received (tests
No. 6, 7 & 8). It is possidle that here is expressed the lack of constancy
in the fixation of the complement in seemingly adequate conditions, as re-
ported by Kolle, '

An indication that avirulent culiures are more easily subjected to bac-
teriolysis than the virulent gave us occasion to stage & test with 5 strains;

two avirulent (74 R and 11 R), two virulent (286 and 217) and one hetero-
.10

virulent (ZhVE). The data of this test are summarized in table 3, test No. 9.

This test was atagad&or every strain in the same aspect 2o in tests No. 5,

6, ? & 8, and since there were five streins the volume of the test wes §

times larger than each of the aforementioned tests individually. '

In the left portion of the table are indicated the 18 test tubes of the
primary test with thelr ingredients which were preliminarily placed in a
thermostat at 28°C for 40 minutes in. order to produce dbacteriolysis, and only
after this was there made a sowing from eact test tube izio the 10 test tubes
comprising one series. This test gave negative results as there was no.dif-
ferenca in the growth between the test tubes that were to develop the bac-
teriolysis and the test tubes that were to control it. The only difference
in growth was between the deparate atrains, which was due to the inteasity
of the growth of the separate cultures. Thus, the ZhVR grow more intensively
than the other strains and thereby produced growth in the seeding froam the
primary test tubes in a dilution of 1:10 milliard, whereas the other four
ctroins acted almost Zdentieally and produced a significantly lesser inten-
gity of growth. The lest teat (No. 10) in vitro was conducted in approxi-
mately the seme volume and with the seme five strains, plus one strain of
pseudotudberculosic. To the entire system prior to its placement into the
thernostat, was added 0.25 e’ of 2 vlague bacteriophage. In the gowing from
the orimary tcst tubes, growth occurred in oaly the lawer dilutione 2hd sel-
dom rcached 1:10,000, Howewer, there was no differcnce between the test tubes
of the experiment and the control -~ the test was also negative., The fact that
the strain of pseudotudberculosis gave a growth in comparatively higher di-
lutions than the plague strains is due to the spscificity of the bacterio-
vhaze., In parallel with the teasts in vitro we staged experiments on guinea

" pizs for the purpose of assuring ourselves of the fact that bacteriolysis

actn1ally occurs in an organism in the presence of anti;lague serus and an
active complement. The experiment was arranged according to the form of the
Pfeiffer phenomsnon. Upon injection of the antiplague serum into the guinea

‘piza, with a svbsequent intra peritoneal infection, we were adle to stale

within ono hour ofter the infection, through the use of suspended drodlets,

the typical formiw of bacteriolysis in the exudate., This appcarance wes less

neried in the coatrol animals. Thus, bacteriolysis in vivo is coapletely

150 .51dle, in contrast to the experiment staged in vitro. Until now this fact
rzd not received the feregoing demonstration. Thus, XKolle was forced to ac—~

;.oledge that though injecting immune serum resulted in the tacteria being

dcstroyed, ctill the mechanism of the destruction is not in accordance with

criinary bactcriolysis and must be considered as an action of & yei wdinown
tantiinfection” factor. 5
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In table 4 are nre*enfed all data received Yty us as a result of treat-
ment with antinlague serums with the addition of active complement. From

tests No 1, 2 (phrt 9) and 5 it 1is seen that in the guinea pigs treatod with’

entiplague serum and complement, the average percentage survival is.larger
than in the animals treated with only serum alone. From test No. 2 we see
that the percentage survival in them also is lerger.then in those treated
with only antimnlague serun, Test No. 3 produces a2 completely different pic- -
ture, because in it ths nercentage survival in the guinea pigs treated with
vhe antiplague serum and complement is less than in the guinea pigs treated
with only the anti-plague serum. 4And in test No. 6 the percentage eurvival
ir both cases ic one an& the same. :

,Concluaions

1. Pecardlcas of yke many varied attemnts to produce bacteriolysis in

vitro with plagte, we d d not succeed in doing so, and only in one test did

w2 observe any raaction of the bacteriolysins on B, pestis, however this
reaction was inconsistent (negative recults of the other tests). Itkis pos~
5ible that here is expressed the lack of constancy in the fixation of the

complement under seemingly adequate conditions to which Folle made referance.

- 2. The experiments in viro confirmed the data that in vivo bacterio—
lysis in plague actually taxes vlace. i
3. The injoction of complement together with antiplague serum into an
animal organism gave ws inconstant data, which changes in accordance with
the method used in infecting the animal and the virulence of the material,
but in any cose it was possible to note an influence of the complement upon
the course of the infection,

L, We-do uot conglder the negative data received in the steginz of the
experiments in vitro as Iinol, and think that the failure lies in an imper-
fcetion of the present system belng uced by us and in a serien of as yet
unexplered factors which can contribwte to the bacteriolysis in vitro ia
slague,

%
Footnote

Revert I. Zhukov-Vereczhnikov, ¥, and Lipatova. T. - Yestnik Microb.,
Ipidemiol. and Parazit., XII, No &, 1933.

Revoxt II, Xhvorostw:hina, M., same publication, XIII, No 1, 1934

Keport III, Lipetove, T.,canme publication. X111, Yo 3, 1934&.
: RNeport IV. Zhukov-Verezhnikov, XN, Faddeeve, T. 2nd Lipatova, T., same
rublication, XIV, ¥o 2, 1935,

Report V. Mitin, S., eame puvlication, XV, No 2, 1936.
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Table 1

The development of bvacteriolysis in vitro through seeding the pricary
material into test tubes with broth.

S ) e em o wn e v me G e - . m pEn WS W G Eme (G e e W ema S e
v

-2_‘ Sveclal fectures oI
2 | of the separate Tagt Tent Tegt Tasgt
o |m——tegtse _ D _Nop 1 iNop2 | M. ___ No. b _ __ |
[}
+ | Ingred- !“ulture Culture Cultnre grown Culture grown
“ | dents of growa et | grovn at et 28°C vlus |at 28°C plus
o | the test and ;28 c 37°%C Sheep leuko~ |immunc horse Note .
= _poabrol test twdes. _ L _ _ L . _|cytes. ___ _tlewkocybes. L - |
L | Tersen serum, Emul- 107. 10 10 10 L a 3
sion. Complement. l “ :..'j :53:
e -— e i St S G e wwe e mm man G e e e e we ) -t e o wwn e e T O
Control ' 5 ” L 5 » g 4
2 | lereen serum, Emul- 10 10 10 10 &g %
sion. Inactivated A & 3
— | complement. _ _ _ _ _ e d | I 420, ¢
Test 4 - ot ’ :
3 ; Zapsule serum, 10“' 105 10 aot made S8e
- ey Emilg.ign ------ e | e Sam Ged b ey — ) T aed W @ Sai TR e Gwe Sme G o por Gt m e s e e e “ g 8‘
Control 43 '§ o
. Capsule serum, L 5 y CR
L |Emulsion, Inacti- 10 10 . 10 not made s I
R PLeQ -c.o—lermle-“—'ep-tL ms et G SN GEE Gk e WIS ES AR GBe SYw AR My TUR fum wER TR AE 4 e wtm - Lo e B 5 :‘ “
General Control @ v
Normal serwn. Emul- Y 5 L 8 pgﬁ
5 | sion. Inactivated 10 10 10 10 Eb*'”
serum, mE3




Table 2

‘The developrment of bacteriolysis in vitro by means of sowing the pri-:
pary material (ineclvding diluted serum in addition to the whole serum) into
test tubes with dbroth, : S B T R

. Sy Gue g ome

lo. of !Degig:f.— Inprec.ients

Test Test Test Teet
tect nation|Indivi {General |No No Yo Yo Note .
fubes | _Jdusl | _ 1516 17 _ 48 |l o~
Tegt !Whole !Emulsion, 8 9 Figures indicate -
serun Complement 1 1 lga %86 igg z?e:hbihzzt diiug RN
2 1:10 " 107 1 _{tion o e pri- . -
3 1:20 n 10 102 107 103 mery material which
4 1:40 y 102 | 10° | 107 10, [st111 gave growth
5 1:80 | m 103 | 107 | 107 | 10; |to Bupestis.
6 1:160 n 10 10 10 10 B
T T T Com- [vhole lZslsion | | {7~ T"7TT"TTTT°7
trol scrumn Inact,
I comp-
lement. |102 103 102 102
8 1:10 " 103 107 1o5 105
9 1:20 n 1o, | 107 | 107 | 107
10 1:40 " 10 10, |10, | 107
11 1:80 n 1o; 100 | 107 | 10
12 1:160 " 10 10 10 10
37~ T|Cor- J¥ormel | /T TTT7TTT|ITTTIITTTT
trol whole
11 |cerum " 102 103 103 102
14 1:10 " 105 | 105 | 107 | 105
15 1:20 " 10, | 100 | 107 | 107
16 1:40 " 10/ | 107 | 105 | 107
17 1:80 n 10, | 100 | 107 | 107
18 1:160 " 10 10 10 10 .
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et Table L
fhe influence of complement on the length of life and percentage survival
of guinea pilzs, The complement 43 injected in a2 gquantity of 3 em3 within two
“hours after the sismltaneous injection with 2 culture of 1:10 of en infected
loon snd cerw. (5 cald).
"""""" T T T AT TT T T Vitu- | Teagth of life- || Percentage of
Yos. of the {lo, of |iethod of ilence | in deys _ _ . _ _ .|l Survived. _ _ _
te ots {oenimsls | infection |of the i Serum | Serum Con~-;| Serum | Sorum
I Icu]- & | trol
§ Lture. Comon- il Comp-
i ! lenent ! o | lement
e b oo i {xkreesxetaindected matericls¥¥2rie)
i . !
Peat_No.o 1 1 9 _ {Subcuban, !__Sg_rgng Y0_ _ 1 6 bk e,
] ]
t i
Part 1 | 4§ Sutcutan, |Weak | - 11 10 133% 16%
Testb Moo 2 - m mmm bk mee o mp e cmle e v e e st e f s e -
Part 2 | _ 9 _ | Intraver, iWeel: 12,5 112__|_9 _f 14 0 _
.l i' L
cogt No. 3_ 0 _25_ _ |lIntremer. IMed. _| 8 _ _L %5l6_Na_ _l=_ __
[}
Dest_lo. & | _ 18_ _ |Subeutan. |Med._ | 9_ _ S |_6 | 5.2%[11% _ _
- :
o Port 1 { é Subcutan, |Weak | b 10.5 | 11 || - -
Dot Fo. Jojm mm e m e m m e m e s e m e e c e e el = e e -~
__Part 2 | _6 __|Sucuten. |Strong) 20,5 | 9. o5 - |~ .
s

2oet Mo 6_ | _ 6 _ Igwveuten, lipa. \-__ 1o | 2 lis3g 334 __

*#x Complement was injected after 4 hovurs.,




