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The use of liquid vaccine aerosols for immunization has shown that
this method has some advantages over parenteral zdministration, in par-
ticulur there are no significant postvaccinal reactionms, they are highly
eflective, cad they make it possible to immunize large groups of people
simultaneously, ete. However, in practice, this method has not yet found
wide application and this is apparently related first of all to the
¢ifficulty in determining the actual vaccination dosage reaching the
rTespiratory organs, especially when the aerosol is in a polydispersed
state. In the area of zerosol immunization of wvisible scieatific interest
sre the following questions: determination of the site of primary .appli-
cation of the aantigen, conditions for immunization against each infec- ‘
ticn individuzlly in accordaﬁce with pathogenesis and natural mechanism
ol inifection; nature of immunclogical and pathomorphological changes
primarily in immunized lungs as well as reactogenicity and safety of
cerosols as related to various vacciunes. Of course, in orc <t to solve
these provlems the existing asrosol immunization techniques must be
epproved and an improved one should be developed as well as monitoring
and measuriag equipment without which in essence progress is impossible
with respect to solving this complex aeroviological problem.

Requirements for the Use of Vaccine Aerasols for Immunizzation

Precinitation of zerosol particles in the human respiratory tract.
Many articles have beea published on the distridbution and precipitation of
corosols in the respiratory system (N.A. Fuks; I.I. Yelkin and S.N. Eydel’-
ghteyn, 1955; B.V. Deryagin; Brown et al; Sonkin; Mitchel; Dauterdbande aad
Yalkennorst; Casarets; Hateh).

¥any studles have also offered an idea zs to the “nflucnce of the

,
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aerosol particle size on retention in the resni

spiratory tract. The arcicle
by Van Wijk et al clearly shows that total rotention in the luncs conisi-
tutes 96X with par:;rles 5 microns in diameter, 42% when they a;e 0.5
nicrons iu dianter, and 21% with an 0.2 nicron diameter. Thhrc must o
as many one=xicron or snaller particles as possible for penctration int
the decp parts of the lungs down to the alveolar unacco. Ii ceisen csti-
mated that only 2.0% of particles 1-2 microns in diameter are crholaed,
whereas retention of particles 0.2-0.6 microns COﬂatlgu“QC 664, and
retention Is ascin higher with respect to even smaller particles; a
isgggd reteation wave is also confirmed by Landahl and Tracewell (16351,

952).

7o sum up the theoretical and cuper
influence of particle size on their retention, Brown et al noted &
optimum wvetention occurs with 5 micron particles. This recedes to a
winimum (25%) with particles 0.25 microns in diameter, then rises agai
with submicron particles. Retention in the nose is observed with partic
over 5 microns in diameter of practically 10607, which decrcases with deer
cecrease in size attaining zero with one micron partlcles. The depth
oI acrosol penetratica increases with decrease in particle size. Particles
about ore micron which are not retained in the upper tract are totally
ined in the alveoli. The precipitation percentage increases for

cles under one micron. Thus there is zan optimum particle size
one micron) with the highest probability of settling in the
Tnere is approximately tne same probability of retention in
tags for smaller particles (0.25 micron) and those that are one
ron in size. With respect to submicron particles, with .decrezse in
ir size there is increased ability for retention and it approximates
ﬁaxinum in accordence with the quantity of air exchanged in one
raticn that reaches the alveoli. The correlation between particle
, penetration and precipiltatioca changes with fluctuations of res-
tory volune, i.e, retention increases with decrease in respiration

rimental data regarding the
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atch and Hemeon (1961, 1948) demonstrated that the percentage
ec and precipiated particles in the pulmonary spaces <cepends on
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of threc magnitudes: fractions of particles that have avoided
the upper respivatory tract, percentage of inhaled air

into the lobe, and intensity of precipitation in the lungs.
in their articles that the highest probability of precipita
nhaled particles in lung tissue prevails with particles 1-2

in dizmeter as well as with submicron (0.2 micron) particles.
tion and settling in the yulnoﬂ =y lobes decrease for parCICLCb

2 microns in dicmeter simply because a large quantity of pa*tic-e»
ia cthe urmw “cspiratory trnct. n essence whe probabiliity of
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Elfectivencss of aerosol precipitation in different parts of
- .
the humen respiratory system
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Legenad:
a) segment of respiratory tract g) tertiary
b) effectivencss of precipitation h) breachioles
(%) at a particle radivs (in. i) terminzl
micronsg) of: j) respiratory
¢) trachea k) alveolar tract
¢) primary broncui : 1) alveoli
e) primar m) excreted from the lungs
£) secondar

Howaver it is still not enough to know the size of the aerosol in

order to determine where it settles in the lungs. Here other factors are
~also involved: cough impulses, profusion of sputum, condition of mucosa
of the respiratory tract especially of the ciliated epithelium (Wright,
i98L; Sang), degree of phagocytosis of foreign particles (Shoskes et al)
cs well as coniiguration of particles (Bedford and Warner), electric
charge (E.I. Raudam et al), rate of air movement, and other physical

- %) . ?

Zactors (3.V. Deryagin; Thomas).

The degree of particle retention is also related to respiration
rzte. Particles 0.1 to 0.7 micron in size at o respiration rate ol 32,
10 andé 2 per minute settlie ia the lungs in 37, &0 and 90% respectively
(Coutersande and Walkenhorst). An increase in respiratory exchange
accelerates particle precinitation in the alveolar spaces. Therciore
cectiling of particles in the deep-lying scgmenus will probably ba more
¢ifective during breati holding.

Tauso, for more complete retention in the humen lungs, tho carvesol
parsieles should be 1 to 3 microns in diameter, which is possible wiea
ucing iiquid fractions; os yet It has mot heen possible to obtain &y
acrouons (vaeccinces) of such disnersion., In addition, as a wesult ol
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reayaration, dry particles in an air asystem usually enlarge whereas fluid
ones. di : ' '

minlsh (Zeatner). .
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Figure 2. Retention of aerosol particles in respiratory organs
(according to Kadlee et al, 1959) :

Adscissz -- dizmeter of aerosol particles (in microns)
Ozdéinzte = reteation of particles (%)

Legend: 1) trachea 3) bronchioles
2) dromchi 4) alveoles
The dotted lines show optimum retentlon of particles of each size.
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of zerosols in the respiratory system. Work in this

ciraction was performed using different agents: dyes (A.K. Yyentes, 1962;
Lyons et ai, 1544; Elson), protein solutions (Fox; Drinker and Warren;
Courtice and Phipps; Lamanna), pharmacclogical preparations ( Dauterbande,
Loveioy), lobelled aatigens {Goldberg, 1950; Goldbergz and Leif; Logen et
al), isctoves (M.Ya. Mayzelis; Yu.Il. Moskclev et al, 1962; Frieberg; Bair
znd Xcellanahan; Berke and Pasqua), as well as live and killed bzcteria
(S.4. Doyarinova; M.P?. Pokrovskaya et al; Ames and Nungester; Guarneri and
T ey -

Zadriza; Ven de Loo; white et al, and others).

To scurmarize thae data on the mechanism of absorption and fate of
couesol pariicies in the respiratory tract aad lungs we can state the
ZoiLowing.

stivity of the resplratory trect

zvity down to the lungs and is highest in the alveolar
lated to the anatonical and physiological distinctions
n biood and lymphatic vessels as well as the colossal
» surface which, in man for cxample, equals 50 square
some data == 120 square metaers), and this Is several
e than the body surface (V.M. Zhedenov).
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2. &5 a wesult of obsoxzalon, iInhaled substancas penctuite rataer
wanziciy dnte tae goneral lyamfiaad 0100C usivoua of tha organism.  JAscovding
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to G.T. Ivanov (1940) several minutes after inhalation the indicator
(potassium ferrocyanide) penetrates into the closest lymph rodes.
Drinker and Hardenbergh found dye in the blood within the first few
minutes, Dragsted and Schwarz:detected penicillin in the urine within
10-15 minutes after inhalation. However solutions containing protein
are absorbed considerably slower (Drinker and Warren; Fox).

Experiments using acrosols of pharmacologlcal preparations are
illustrative in this aspect (Dauterbande et al, 1957, 19861): the effact
is ohserved within 2 few minutes and persists for a longer time than
following subcutaneous administration. When using radiocactive acrosols
about one micron in size (X.A. Frolova; K.G. Scott et al; Jech) radio-
activity was established in rats' blood as soon as ten minutes after

inhalation.

Distribution in the organism of radioactive agzent aerosols after
they have been inhaled has been studied in detail by many researchers with
consideration of dispersion, form of compound administered, physico-
chenical properties, ete (N.D. Sagaydak; Bair and McClanahan; Pickroth
et al; Kajlarnd et al; LaBelle et al). It was showm that soluble compounds
are absorbed considerably faster in the lower segments of the respiratory
tract and then disperse in the organism through the lymph and blood
stream as well as through phagocytosis.

3. What then is the mechanism of penetration into the lymphatic
and blood stream of vaccine aerosol particles that have reached the
decp segments of the lungs? Let us submit the data from some studies.

' Van deloo who immunized rabbits with killed paratyphoid vaccine
(cerosol size: 2 microns) demonstrated that the cells of the alveolar
epithelium phagocytize antigen which then gets into the lumen of alveoli
and bronchioles. If the phagocytic cell dies off in the alveolus the
r _2ased antigenically active components penetrate into the alveolar
cepillaries and then into the general blood stream, and partially into
the lymphatic stream. If the cells of the alveolar epithelium are ex-

reted into the bronchiolar lumen, the released antigen reaches the nucosa
of the bronchioles and along the intercellular lymphatic fissures goes
on to the submucosal layer where it elicits proliferation of plasmatic
cells. Some of the alveolar epithelial cells which phagocytized antigen

are excreted outside, which was also demonstrated by Hilding (1963),

Casarett and Milley (1964).

Other o heses arc also expounded as to the means of migration

¢ enuigen Ir 2 Zung into the general lymphatic end blood strean.
Brieger and Ferin et al believe that phagocytes travel from the blood
stream into the pulmonary air space wiere they pick up the foreign material
then return into the interstitial space, from which they reach the lymph
reen and Kass related the cxist of antigen from pulmonary

A.2. Gindin et al point to the larga

girean.

epitheliun to alveolar macrophages.
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£ lymphocytes rich in RNA in the sinuses of lymph ncdes in
: n, i they eater the blood; it 1s also nossible

a3
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fard

:tion into the lymphatic system of the lungs
ions and bac»cria through absorption Ifrom the
oles (D.A. Zhdanov) .

a ! ization. While it is possibie to de~-
teimine sather accurately the cuantity of administered vaccine when the
2i method is used, with zerosol admlnistration it is rather
£t to mcasure :ne dosagze. This is related to the purely physical

provartics of aercsols (sedimcstation, coagulation, changes in concentra-
cion, dizpersion, etc) continuously observed in the aerosol cloud, as
well oz Lo the distiuctions of aspiration, primary settling id respiratory
orzans, Tespiratory ventilation, ete. In other words, in order to
cetcraing the snnaled dose it is _necessary to obtain ex per;wentally, using
setuvimental methods, a numoer of data influeacing the magnitude oi the
2

[
[e)
L]

In a simplified form, the equation for calculation of inhaled
dozcge (D) nhas the following appearance: ) '

D = C-V+P-t*R, )
vaere C is the coucentration by welght of sprayed agent (in grams per milli-
liter), V is the cnimai's volume of pulnonary veatilation (in n;ll-litgrs
per gram of body weight), P is the animul's weight (in grams), t is the
time of contact with the aerosol (in minutes), R is<tho percentile reten-
tion of inhalecd zerosol in the respiratory tract.

Za h of these parameters can change considerable depending on
several conditions (type of atcmiziers and atomized zgents, fractional
composit:on Z zevosol, -enp ature, humidicy, weight of the experimeatal
aningl, etc). avercheless it 1s possible to determine these parameters
exoerimentalily and to a*culate the final sought value (inhalation dosage)
nore or less close to the actual one.

Tae concentration (C) is calculated by wmultiplying the number of
cewosol particles per milliliter of air by the weight of one aerosol
worvicle (che radius is known). TFor this purpose an aerosol concentra-
tica counter can be uszed, in partlculur the -domestic instruments =- ultra—
nicroscope with lawinar (B V. Beryegin aad G.Ya. Vlasenko)*® or intel-
matocatliow of-alr. (YesAv Vigdorenilk; G.S. Berezyu&). Using chea it is
“lonilunuons oplvalloa ultranleroscope, 34'



to deternine as well thae dispersion of acrosols. In order to

re precise data om dispersion of the particles their fractional
in time must be examined. The latter is particularly import-

when using polydispersed aerosols.

Most rescarchers cbtain the value
(V) from the data obtained ty Cuyton (19
basis of complex rescarch methods.
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of pulmonary ventilation volume
7a te
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be re
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aimels' weight {?) and time cf contact with the azcreseis (t)

ly delermined through experimeats. At the fi:s approximation
DTO of the above parameters (C'V'P*t) furnishes the magnitude of
inhaled dose (D) if we assume that the entire dosage in the inhaled

was retained ir the respiratory organs.
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However, it follows from the expcr‘xcnts with radioactive aerosols
e estimated inhalation dosage according to this equation is some-
hee than in actualicy (°alm' Mitchel). Thus, for example, accord-
£ Golcéberg and Leif. (1930) retentlon of inhzled

iclc radius of cbout one micron in mouse organs con-

ra v 27-30%; according to Schechmeister (1950), Harper
962) == zbout 50%, and in man (Puate et al, 1963) up to 50-75%
n the nature of respiraticm).
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To summarize the ‘oregoxwg it may be stated that determination of
inhaled dosage of aerosols by existing estimation methods permits obtaining
valiues relatively close to the actual ones.

Aerosol Immunization Against Viral and Bacterial Infections

In 1920 z method was proposed of crzating passive immunity by intra-
acheal administration of Immune sera. It was believed that not only
coes this method cause production of strong immediate irmunity but also
that it helps avoid the danger of anupuylactic shock in the case of high
sensitivity to intravenous administration of the serum.

\ The results of subsequent studies performed in order to determine
the cifectiveness of intratrachezl and intranasal administration of immune
seva are rather coatradictory (Zellat and Henle; Krueger et al; Lyons).
Towever inhalation of ctomized immune serum or globulin fraction is
vaquestinably effective prophylactically and therapeutically (A.V. Necha=-
. Chalkina et al; N.N, Orlova; A.A., Smorodintsev and 0.1,

i;
Shishiina; A.A. Swmorodiatsev et al; A.N. S;epushkin' K.¥. Siayak et 4l;
Se3. Shadring Hoaos und uOuluOﬂ), e“pecial_y by means of aerosols. By
now 'hc.e bl

t

s a rather large number of infectious diseases in walel aerosoli
QL8 bcing used with success.

Influenza. Ye.T. Kerob%ove and N.5. Salun (1934) tested on volua-
teers the aerosol method of {mmunizatlon ucing innalation apparatus, and
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vaserved a posicive effect. 0.M. Chalkina (1938) also indicates the
desence on reactogenicity following inhalation immunization against
indluenzal shie immunized 74 people th*ee ;¢nes 59 - twice, and 43 -~

dowever, Trancis and Pearson {(L944) who used finely divided liva
ialluenza virus aercsols concludad that the method was reaceogendie. In
this comnecuion of Lagerect are the Jollowing data of ALh. Smorodintsuv
LI953) . Adulnilstracion of  atieaustes iive virus into the lgaur segments
ol the rvespiratory tract elicited in some of the inoculated individuals
soune clinical symptons of inrl enza infection which were all the stronger
cae lower the antibedy titerw before infection. In vesponse to single
or repeated indalation ol attenuatcd virus there was an increment of
antivody citer ia the blocd, and the lower the titer before infection
che gyeater was chils iaer crgnt. n view of these data the coanclusion
made by Trancis and Peurson becomes understandable: reactogenicity
nI aerosol :mmuniza:*Oﬂ azainst inflivenza for iadividuals who failed to
sresent anucibodies puior to immunization. The comparative study made by
O..I, Saishkina (1 938) of effectiveness of various vaccination methods

in cxpeviments oa aice indicated the advantages of the aerosol method.

Unlortunately these early works failed to include information about
the particle size of the aerosol, estimation of inhaled dose of vaccine,
&tc., 50 that we cannot make a comprehensive evaluation of their signifi-

2
cance ia immunization against influenza.

MYoasles. Theve are very Few studies on the use of the inhalation
method of dmmunization against measles, Thus, Japanese resezrchers
{Okuna; Cxunu et al; Minaomitani et al) demonstrated that after subcuta-
ncous, inoculation (triple is best) with inactivated zntimeasles vaccine

I reimmunization by the inhalation method with live vaceine (Siguyama
ciiildren developed intensive immunity as good as post-infection

V. Auactiono were essenticily sbsent. Hign titers of complement
3 und virus neutraiizing antibodies were found. Inhalation and
intreanascl vaccination of children wno had not becn previously inoculated
caé whose blcood did not contain the appropriate antibodies induced a
reoetion with., clinical manifestations of typical vaccinal measles (Lee).
{ress et 2il curived ot similar conclusions with regard to the inhalation
bed o agoinst measles. Thece studies covering an adequate

({rom 50 vo 100 o more) c:ill fail to answer the main
roso; ;nm“n*zation. what is the estimated inha-
tion in the lungs, fate of tha vaccine

tr O

0 m
J ra
r
[p)
(2]
LN
3
| nd
r‘

Crnithosis. In view of tne distincticns of the pataogencsis of
tnio iafcerion, che site of primary localization of the pathozen of which
are tac lungs waile the cells of respiratory bronchioles and alnaolar
critheliva are ¢he wost sensizivey (I.I. Tewckikh ot i, 1981; I.I. Ter=-
Suikng Yelavean co ul,, Wu tricd cevosol Immunization to c.eatae local
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Scicnees by the authovrs of the present article in collaboration with
cuafi of the laboratory of comparative virology (I.I. Terskikh et al,
1985; &.1. Danilov et al, 1965; A.I. Danilov et al, 1¢66). In experi
menos on monkeys we studied immunization with mixed vaccine ggainst or-
nithosis and tick-borme encephalitis and noted the lack of competition
between antigens with high immunogenic activity of the vaccine and re-
sistance of animals (I.I. Terakikh ec al, 1964)

The studies on aerosol immunization against Venezuela equine
c:ccpuali:ia were very thorough and complete (Kuehne and Gochencur; Hoars;
Woodward and Tigertt). The aerosol immunization study was cenducted wita
the use of live vaccire. Animals (n‘ue, guinea pigs and Macacus, Mula-
tz monkeys) inhaled various doses of vaccine. Thexre were no pathological

raactions, and x-ray failed to reveal lung lesions.

Tn subsecuent works, Kuchne ot zl, Sawyer et al furnished more
oracise determination of live vaccine dosage zgainst t Venezuelan eguine
cncephalomyelitis (VEE) with aerosol immunization wi th monitoring dy
scrological tests and testing of 1n»eﬂsity of immunity following infection
with virulent strains.

0 groct intevest is the last work. It submits the results of
mined (coubined) acrosol immunization with live tularemia vaccine and
l:ive VEZ vaceinc. In 80% of the cases thc cerosol particle size did aot
craced two microms. in dismatex. Monkeys infected subcutaneously by

-

“Thae veeeine woc prepared at tae Loboratory of Comparative V;:c‘og
(heoied by Proluscor A.X. Shubladze), Imstlice of Varology imens D.%.
Lvanoverly, UOSR Jcademy of Medical Sciences.
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acninistration of 1000 virulenmt tularemia pasteurella five months
O30l vacelnation presanted an adequate intensity of immunity.
observe that inhalation of mixed vacelne aerosols m.y serve

K3

o
e prophylaxis against tularemia and VEE.

conciderable number o Soviet studies
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LuGba, U, e; V.V. Jlioaysiev and V.T. Burtsew; I.I.
Krzivornosova et ai, 1965a, b). The possibiiity of
uildings (pig sties, aviaries, etc), the simplicity of
ecquipment, economic cons;aerations favor  the wide use
aization in veterinarian practice. i
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s. a&nimals and humans .exposed briefly to a
T typhoid or dysentery vaccine developed antipodies
thout any adverse reactions. A comparison of the inha-
1 vaccination methods revealed the superiority of the
¥4

et al). .

e
'3
t

Later experiments .n respiratory immunization with liquid vaccines
o L dinfect ons were nerformed only on animals. Thus,
nhalation vaccination with killad corpuscuiar Gertner
s fine particle zerosol was demonstrated on
(A.Z. Maslov, 19602, t). A study of the
of immunization with ;nactlvated vaccines in
(o} ganisnm from aerosol infection on models of pasteurellosis
wouse typhus established the followiag: l)subcutaneous inoculation
s immunological reorganization but does not save the animal's llfe
owing aerosol infection; 2) triple intravenous inoculation offe
tection a"aLﬂSu ten letnal dose of aerosol infection' 3) subcutaneous.
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ty provi d*ng lnsusceptibill.y of hn&mals to aerosol infectlon with
thal doses (V.¥. Nikitin, 1957z, b).
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L.2. Stepank ovckaya (1957) zrrived at a similar conclusion; she
deterw.aed the wmost effective varlant out of seven tested methods of
adninistering heated typhroid vaccine: one subcutaneous or two inmhalation
immunizations at a seven—-day interval.

Diyh:ﬁeri > pgr~L351s. The repl cement or at least reduction of
scubettancous inoculations by aerosol inmunization against diplitheria would
be of roat practical importance., In this connection we must meation the
work of 5... Muromtsev et al (1960) in which following pximary subcutancous
Inoculatios wiva adsorbed diphtheria toxoid inhalation reimmunizatlion was
instituted. Tae positive. results of inhalation reimmunlzation with diph-
thcric toxoic in animal experimants allowed thae suthors to shifit to a

st of this method on humans in 1961. Tox this purpose 113 children were

<
woinmunized wich diphtheria toxold. 4An ultrasonic generator was usad o

@
2 )~

3
»
»
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ing. The particle size attained one micron. It was demoanstrated
inhalation method is more effective than intranasal, buc is
inferior to subecutaneous inoculation. No pathological symptons

able in the children.

r{

ficacy of inhalation reimmunization of children against
l1so confirmed by G.F. Maycrova et al (1964) who showed
ion with diphtherizc toxoic¢ in a dosage ol 20-37 active

b
rt
lon
P

pes g
H

RSO
L ¢
- 03 Py
3w
b}

5

o]
a
003 0O
&)
4]
3 b
[&/]
21
2

ly led to marked immunological recwponization of the
t revaccination of ¢he caildren agaiast dipntheria by
ion method is quite feasivle, however duc coasideration cuoul
iven to allergic pathology im  the past history, since repeated
inhalotion of diphtheria toxoid could elicit sensitization to the antigen.
The possibility, in principle, of diphtheria immunization by the inhalation
tethiod was also proven experimentzlly in earlier works (Wolters; O0.Yu. Lo-
kotkina, 1954, 1955; Ye.A. Smirnova, M.V. Krasil'nikova, and others).
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Tiiere are very few tests of aerosol immunizatlon using pertussis
vaccine. In the article by A.I. Spitsa (196C) i1t 1s stated that three-
£01d zerosol immunization Is equivalent to subcutaneous inoculation accord-
ing to serological indices, although in the former case in the author':
estimation the vaccine dosage was at least two-three times smaller. How
cctual inhalation dosage was apparently maany times smaller since the
atomizer yields lavrge particle aerosdls.

ver

ol

Tularemia, brucellosis, tuberculosis. Allergic reacticns are
typical for this group of infections. Therefore it was natural that an
effort was made to study sensitization in respoase to administration of
vaccines into the respiratory tract and its significance in immunity.
According to skin test data the sensitizing activity of vaccires with the
zerosol method of administration was weaker than with intradermal or intra-
peritoneal administration, but the animals' resistance to aerosol infection
with virulent strains was considerably greater.

More comprchensive studies were conducted by Eigelsbach et al
(1960, 1961), Saslaw and Eigelsbach, Saslaw and Carehart (196la, b) on
aerosol immunization with live and inactivated tularemia vaccine. The
experiments were conducted on guinea pigs, monkeys and volunteers. Tne
aerosol particles were about 0.7 micron in diameter. The authors coa-
cluded that aerosol immunization creates higher intensity of immunity to
respiratory infection than subcutaneous inoculation, that live vaccine
<. wore effective than killed, and that tha organism's reaction to aerosol
s.sunization is the same as to subcutancous but is superior with respect
o antibody production.

Successful studies were conducted on the use of mixed vaccines in
cerosol immunization, in particular those against tularemia and VCE
(W.D. Sawyer et al; T.E. Woodward and Tigertt), tularemia and tubarculosis
(G. Middlebrook). '
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cerosnl imaunization against brucellosis we
Kharisov ¢t al (1966) which analyzes the
ouol aad subecutancous immunizacioa of aninals
indicate that the inhnlation dosapc of vaceirne
iliion baecteria in order to »Hrn.Uuce
mecnod.  The studles on accive
ve only experimental \:‘ucz'
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Iuamunomorniological Data on Aerosol Immunization

seroscl immunization
dies of the luags and

to kanow the Zmmunomer—

(tradlitional) mecthods

In the deveropuent of problems dealing with
T Terest are Zumunomorpnological st
put first of 2il wa need
of the lungs- in paventeral (t
. Raponor: \*3J7 19585) in z
iocytic elements of alve lung septi and desqua-
vgo;ocytcs cbserved wmth the paren 1 method of inccuiation
similarity with catarrhal desquamative pneumonia which is ot
1y zad gnatonically confirmed (o‘ganopatho;ogicallj).

(;-
b4 W

o]
o s
0 2 0.

Tt is important to take into considerztion this property of the
iungs in aerosol immunization. Let us cite the data Zrom the study of
V.S, Piserevskiy and V.A. Lebedinskiy (1265) who investigated in monkeys
the morohological changes arising as the result of immunization with
niogue vaccine. The main changes in the iungs and zegional lympn nodes
consisted of specific transformation of lymphoid cells. By the 14th-18th
day the lungs aiready failed to prescnt any deviatioms from normal, i.e.
a2ll of the cha nges were completely reversible. The authors noted that

cerosol immunization with live plague vaccine (in the doses tested) was
a0t associated with dcvclopﬂent of destructive changes in the iatemal
crpens, which was indicative of the safety of this method.

»

Anzlysis (I.I. Terskikh et 21, 1968) of immunomorphological changes

cnzt cceurred on the 4th=-7th day in the organs of monkeys immunized with
cerosols of killed ornithosis vaccine revealed an increase in centers of
follicle reproduction, nigh mitotic activity of veticular cclls, prolife-
corion of immature and mature plasmatic cells, macrophage reactlon.
Tmaunogencsis  receded gradually: after 2-1/2 months it was still marked,
Leo witain S5-6 months it was p*act;ca’ly negligible, with the exception
ol bone marrow waere signs of continuing immunogencsis were deszectad at

- 5

ti:e. The observed diffuse interstitial weaction of the luags was
otective one.

The cistinetions and dejrec’ of chanses da the luags In response to

o3 "ouo- Zraunization were unqnestio“aoly iaf;ucngea by tha magaitude of
the inhuaied dose, dispersion of the sol and ths preparation itsclf (liva
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or killed vaccine, its solubility, safety)./ 7ot
As an illustratlion of this position let us cite the works of White
et al and Van deloo. I both studies experiments were periormed on
monkeys. In 807 ol the cases the dispersion of aerosols of liquid
vaceine ccualied two microns. The main goal was o study the Immuno-
nges rollowing aeros.l lamunization. Iu che {lrst
ccine was testoed, In che second == KiIileo tyshold.
Uniortunately the cstimate
0 p

G
v h E P B S ~e 2 e s - P ~ e .
live tularemic collis, and 2 miliigraws of nitrogen accerding to typhol

Semly LT e A 1 - e om rye et - N AN
inhcelacioa doseo are aot compousvlile:s 270,500
b}

" vaccine protein. Another substanticl diifzwvence bedweern viae Two

studies was that with the use oi live vaccine the vacciac strain mulii-
plics in the catters in the orzanism. Thus, om the 3xd
postvaccinati ere were 2 million live tularemia cells in the
lungs, therea sheir number recedes rapidly, and by the 28th day they
e rgans with the exception of the tracheobronchial
red up" only oun the 90th day. These differences
affect first of all the distincticns of pathogenesis of Immunity and
iter of pnrozective antibody production, howaever they do not have an
recizgble influence on the general pilcture of immunomorphological
ages in cthe organism, except for the intensity of these processes.
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