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IhNVESTIGATIONi OF THE *.:ETHfOD OF AEROSOL ID.".UNIZATION!
WITH PcwD• PLAGUE VACCINE C:; WIDE CONTINGENITS OF PEOPLE
N.I. Aleksandrov, N.Ye. Gefen, K.09. Gapoehko, N.S. Garin,
S.S. Danilyuk, L.L. Te:,orova, R.F. [uzina, G.G. Koridze,
A.P. Labinskiy, V.A. Lebedinskiy, A.I. 1..'.aslov., 1':.P. Osirov,
V.A, Silich, I.S. Smirnov and• N.I. Tsyganv
(Received 26 Septe~mber 19",2)

Successful testin.-I of the method of aerosol immunization
I against plague on limited conting'ents Of people ...,as carried cut
I in i96i with the authorization and recommendation of the Serv:i.-

Vaccine Committee of the 1.'inistry of Health of the UJSSR to
le-a•l-cmore w.idespread testing.

While performing this work we simultaneously solved several
problemns, particularly the approval of the technique for mass
aerosol i.-,munization w.-ith ipo,,.T plag-ue vaccine under practical

I conditions, the verification and refinement of the data obtained

earlier ":.hich indicated the harmlessness and lwreactot-,enicit:, of
i ~this mn.thol• of immunization, and also the comnpariscn of the

r,ýactozyen'-cityr,*:n'uný)lonical effectiveness of the aerosol method,

of vaccinati,ýn w.ith the reacto.-enicity anJ and i:.--runolez'ical

erfectiveiness cr the subcutaneous an,1- epicutane-:u-s m~ethods of
aj:ninisterin:, ', livin,.,r plagrue vaccine,.

S~~~~In -al-iition, in a compuarative nspe!ct'.. uii tesnl

a nd a|:b e s '.e::s £ - 1r a iinlst(-rin,•, tl.-," p1,i.,u- va cci neý.
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For the aerosol immunization we used a dry living pkr plague

vaccine made from, the EV strain.

The vaccinati.'n was conducted in normal rooms 3o r3 and

112 m3. At the time of the administrations of the iramunizaticn

10-190 persons -.ere accc.odated in these room simultaneously.

The preparatitn was continuously 0oztzeA durin;, the

course of the administration. During, the inLmunization in the
room with the small volumein the process of selectin, the cpti-

mum dose of the preparation 3 to 30 g of va(ccne were ¶oz4

Durinig the massive vaccination which took place in the

large room, the outflow of preparation was 10-12 g. The duration

of the immunization cycle was 25 minutes (preparation - 10 min-

utes, vaccination - 15 minutes).

The aerosol immunization .:as administered to 716 persons.

Before the vacinnation we conlucted their medical examination,

including a detailed inspection, analyses of the blood and
urine, and also a roentgenoscepy of the chest organs. The

contingent subjected to the immunization was composed of virtu-

ally healthy people. Of those persons wio were inncculated.26

had been vaccinated subcutaneously with the EV vaccine t:o years

earlier.

After the vaccination medical supervision .,as established

for thcse immunized.

The state of health of the 550 persons innoculated by the

aeros,--l method *,:as traced for a year, up to the present time,

and some deviations from the norm were recorded in them.

An examination of those persons imnunized during the first

ei;•ht days after the vaccination included daily thermcmetry,

interro-,,ation for the purpose of e;:p:laininif subjectivo sen-
sati•nsz, hcmrotoleg.)lical andl roent'encnrcopic Inv,2stitti,',ns.
Thc' blcol sa:npling and the rornt.-in( scopy wore c(:n~ltctei cn the

lst-2ni, 5rl-hth, 7th-i;th Jay of cbncrvaticn. In each o:f tke e

'1



time periods we examined an average of 50 persons.

The immunological effectiveness of the vaccination w:as eval-
uated by setting up intracutaneous allergic tests with pestin#,

manufactured in the Saratovsk Anti-Plague Institute. The other

test which we used was the determination of the titer of specific

antibodies in the he-agglutination reaction according to the

Levi technique. The testing with pestin and the titer determina-

tion of the antibodies were carried out on the 7th, 30th, and
90th days after the vaccination.

With the inhalation of 8-195 million microbes of the EV

strain there were no post-vaccinal reactions in any of the 716

immunized people. An increase in the inhaled dose to 200-300
million microbes caused the manifestation of general post-vaccinal

reactions, which, however, were recorded rarely (in 3 of the 100

immunized) and proceeded in a light (2%) or average (1,5) form

(.iith respect to weight)with an increase in temperature to 37.2-
380. These reactions completely pass after 12-36 hours.

No local reactions to the immunization appeared on the part
of the respiratory organs.

In the majority of people subjected to the aerosol vaccina-

tion we noted shifts in the state of the prescribed elements of
the blood, expressed primarily in the change in the auantity of

leukocytes (Table 1). Even after I-2 days in the absolute maj,-r-
ity of those innoculated (87%) the quantity of leukocytes grew;

in addition, in half of the cases this increase exceeded the
boundary of the physiological norm (9000 per I Mn3) and should

be valued as leukocytosis. Three-four days after the vaccinaticn
we observed a tendency toward a reduction in the number (.7f leuko-

cytes in part of those persons innotulated (in 40". of the exairtneJ

cases the number of leukocytes was lower than the initial leve).,

in 36.5% - somewhat higher and in 23.5w - at the same level).

Leukccytosis was recorded only in 13.5' !,n this time period.

Unfcund worrl [nec'riii .

9 '3 .



C: •A coutt of the leukocytes,

M, tnkan on the 7th-8th days after
,• , ! o the vacclnatlen, ag~ain indicated

-, •! 0' d Sharp incr ense in their nup -
Q____ ___ g ber, recorouned in 78tn of those

C. ea innrculated; in additncn, in al-
I ": I 4 rcst half-,tu idas thvalued as

ý43

- e be pronounced leukocytosisp It
c ~ - 4-) •"•• should be emphasized that the

S;i ... • ...... ,, mde.gree cf increase in this period

C) 
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Vo, ,. ,,. ,a, the 7th-its days the average nitro-

4-) bet of leukocytes per i mm was

o4 95, at the same time on the

i• i - o.-
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A significant change in the settling rate of the erythrocytes
was not noted in any of the examination periods.

The data obtained during the course of the hematological

examinations of those persons vaccinated indicate that in the
majority of persons a general ster-otyped reaction, pronounced

in the changes in leukocytes, developed in response to the immu-

nization.

The setting up of intracutaneous tezts with pestin preceded

the investigation of this preparation, whosepurpose was to de-

termine the specificity of the reactions caused by it in those

persons Innoculated. The data obtained from 130 non-Immunized

persons revealed the absence of pronounced nonspecificity of the

reactogenicity of the preparation. Positive reactions were

recorded in only 7 persons (5.4,). Similar results w.ere obtained

in experiments on guinea pigs.

The aerosol vaccination with ?oýr plaaue vaccine caused a

sharp immunological reorganization in those persons innoculated,

which was manifested both in an increase in the sensitivity to

pestin and in an accumulation of specific antibodies (Table 2).

Table 2

Results of the setting up of intracutaneous tests with pestin an.d
the determination of the titer of the antibodies in those perscne
vaccinated by" .he aerosol method

Tents wi.thpestin lier-lutin _r.•j,1on

exai l oPJ1 u e. I ' 1ota 1 Ip j i r r I T t l Avera gee ra e r rz o: lii o, + :n3P;nT:[IBv4 titer, or
potitivt pen 11 aniode

" pxrl erson. rcic- + + J+ J per.f,, zpltl -
ation ex.iJner tions i ;garjno tions ton

2.th 12 II -- 1:10
30th 31 16 43 14 14 1:123
9 0 .th , 0 I( 2 2 5 4 1:5

T.G. Abdullin, K.I. Volkovo:, , .I. Kesh'yan and Yu.X. 2akharov
took part in the study of immuncloical effectiveness.

i5.



In addition to this we undertook an investigation whcse pur-

pose was to study the reactogenicity and immunological effective-

ness of a double aerosol vaccination and to compare it with the

reactogenicity and immunological effectiveness of the other

schemas and methods of administering a living plague vaccine

(single aerosol, single and double epicutaneous and subcutaneous).

The double aerosol vaccination was given with a 5-day, inter-

val. The dose of the first vaccination was an average of 200

million micr,,bes, the dose of the second - 100-200 million mi-

crobes. To obtain comparable data a group of people were simul-

taneously innoculated one time with a ,#,W vaccine with a 200-300

million microbe dose.

For subcutaneous and epicutaneous vaccinations we used

vaccines from the Irkutsk Anti-Plague Institute (series No. 3")

and the Saratovsk Anti-Plaue Institute (series No. 3). With

a double vaccination the interval between administrations of the

preparation was 7 days. With a subcutaneous immunization we
administered, according to instructions, one huL.an dose of the

vaccine the first time and 0.6 human dose the seccnd tinge. Th-

epicutaneous vaccination w..as given in accordance with real in-
struction.

The most pronounced immunological reorganization w..as recorded

4n persons vaccinated twice by the aerosol and subcutaneous

imethods; the second most pronounced - in those vaccinated once

_ by these methods. The immunological effectiveness of the single

and double epicutaneous vaccination was low.-er than with the first

two methois of vaccine application (Table 3).

The reactogenicity of the vaccination nethods examined by us

differed significantly (Table 4). The suni percentai;e of the

general reactions to the sin.,-le aerosol vaccinaticn did not excee*.-

3; in addiAon, not one strong reaction was recorded. sepeate
aerosol vaccination caused the r. anifestaticn of -;onral r,.st-

vaccinal reactions some-%what more often (10."); in a]dltitn, in

6.

4.', .,, . . ..
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"half of them 'the reaction was evaluated as stron.. .ith respect

to the clinical picture the reaction did not differ from the

reaction to the first vaccine aspiration. Iith repeated aiminis-

tration of the vaccine we noted the manifestation of local reac-

tions (in 5;t of thos.e innoculated), which proccee in the back-

ground of the general renction and manifest themselv.-s in the

form of light !nryngotracheites, which disappeared imr!.cdiately

after the reducticn in body temperature to the normal level.

Subcutaneous innoculaticns were sivnificantly more reactc-

genic. With a single administration -f one human dose (2 billion

microbes for the given series) the general pest-vaccinal reactions

(Jepending on the series of the preparation)were recor-led in

41-i.00/,; in addition, in 16.11-92C. of the persons vaccinated they

were evaluated as of average severity and-serious. The general

post-vaccinal reactions, w*:hich appeared in response to the sub-

cutaneous administration of the preparation, did not differ, .Aith

respect to the clinical picture, from the reactions to the aero-

sol vaccination; however, their symptoms were significantly -ore

pronounced and they continued tc be serious, being accompanied b'y

the complete lack of work capability on the Ist, 2nd, and 3rd

days. A local reaction to the subcutaneous innoculattcn

(infiltrate and soreness at the place of the administration,

re1ional lymphadenitis) w:as observed in the absolute majority

of persons vaccinated (95-i005) and continued for 2-7 days.

Repeated subcutaneous administration of a decreased dose of

vaccine (1.2 billion microbes) caused general reactions in a

Ssmaller percentage of cases (28). Local reactions ::ere observe.,
a- before, regularly (9"').

T The roactogeniclty of the epicutanecus :n ) id .f' im:.uni:.a-

* ticn was studied fro:.-- the resZults ,-f the inas sinle vaccinati'-n
of 9500 persons. Gleneral reactii.ns were observe l in ... c

in ., of those inc,.lated. Reeateid epicutanecus vaccinratIc.n
* did not catue -,enerzal reactions.

,, -, K gI I 9.I I I



~la- ilk- ... . .

Therda~ts[givenl lead to the conclusion that the most pro-
fnounced sero-allergic shifts are recorded tn the persons innocu-
lated twicevwith the aerosol and subcutaneously; however the
reactogenicity of the aerosol method of vaccination is immeasur-
ably lower than the reactogenicity of the subcutaneous method.

The epicutaneous method of immunization, with respect to general

reactogenicity, corresponded to the aerosol, however, ,:ith respect
to the number of local reactioný significantly exceeded it and
yielded to it with respect to the level of sero-allergic reorgan-

ization which appeared.

4 ~CONICLUS IONS

1. The §.ing.e aerosol immunization of people with po4ar,"

"plague vaccine was accompanied by a weak general reaction.

'. • double aerosol vaccination of people, carried out
with a short interval beti-.een innoculation- (5 days), was charac-

terized by a somewhat higher reaction cu:!:pared' with the sin-1e

vaccination. The reaction was significantly less pronounced
than with a subcutaneous vaccination.

Tne epicutaneous method of immunization)with respect to
number and intensity of general reactions,corresponded to the

single aerosol, but with respect to local reactogenicity it sig-
nificantly exceeded the aerosol.

4%. The most pronounced sero-allergic shifts w.-ere noted in

those persons who were innoculated twice; in addition the imnmuno-
logical effectiveness of the aerosol method of vaccination cor-
responded to the immunological effectiveness of the subcutaneous
meithod. The immunological effectiveness of the single and double
epicutaneous immuni7ation is lower than the aerosol and subcu-

taneous.
•. ,-0•_•• ÷,,..v•a further" and more in-,depth ccrzparative

stu.i:T!of the ifactor•enicity and ilrsmunological effectiveness of the
a..r.sol, suhcutaneous and epicutanenus meth.ds of immunizaticn

a:.axnst pia:0ue.
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