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;T?clleﬁing is the translation of ar articls by 1. I. . - °
lerskilkh, b. &, Gusman, and 4, 1. Lanilov, institute

of Virolegy imeni b, I, lvanovslopo, AN UGIR, and the
anstitute of duman .dorgnology nic! uslsa, loscow, Dib= . :
lizhed in tho Ruscian-labguuygo ?eriadical Voproay ?%ggs- -
olciii (Problsms of Viroloyw), Fo 2, 1560, vascs Lloe- D
G9. 1t was submitted oh b Lec 1965._/
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Up ti11 the present time: methods of vaccination against ornie
thoric have not been worked out conclusively. It has been shoun by
orperimental investigations, conductecd with vaccines Irom yolk sacs,

-allantoic zeawbranc, and allantoie {luid which had been inactivated
vy various methods (with formalin, phenol, ultraviolot rars, and
mcthylene blue), that in animals which had been vuccinatud parcne .
torally a rosistance was developed to the-intrajeritonenal inlection
with virus, but 1t was almost completely lacking or was wealdy ex= ,
srezsed Guring infection through the respiratory tract /5, 11, 12, 167.

in the dovelopment of a method of vaccination against ornithosis
it is nccessary to take into consideration the pecullaritices oi tue

onihogenesie of this lnicction, in which the lungs are the sitc ol
arimary localizatlon of the causatlve agent, and the most sensitive -
coils cre the cclls ol the respiratory bronchioles and the elvaolar
epithelium /fZ, 7, 10, 14/, Taking into consideration that with
ornitrosis the rasistance ol the organizm to infection is conditionegd
mainly by cellular local ilumaunity, we decided ‘to develop a method
ier the administration of live 'vaccine (against ornithosis) in-the -
form o an merosol. & necessary condition here was the crcation of
a fiuely-divided (1-3 microns) phase of aerosols: since it is saaier
{nr 2erosols of such dimension ‘to reach the respiratory broncaioles
and alveoli /57, : ”

-

»

buring the aerosol method of imrmunization the vaccinesz should
re:t corsalin requirements. Previously we publiched uata on the
rroparation end checking of a tissue vaccine cgaiast crnithesis and
¥ condivlons necossary ror carrying out the inrmunization with

Jinsly-qispersed aerosols /3-5/..

; ~ N S

ln'¥§e present reoport we-eve presentimyg the results ol a1 study
ol sz inruno-morphclogical roasostion in the orgens of thoe reticulo-
:nizihelial systen ol moaleys which reflect the developuwent of ifwune
ivy following Lwrunizatioa with cerosols of tiasuc vaseino againet
crnituoslise JSimultancously a detorminetion was mude of she virzus-

neutralizing antibodles in the organs and tissues. The reaulee
: R
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o0 $'dimase it possiblo to ev&lunte the immunolobiual eflectivenecus
o(‘the tlssue vaocine. and the mgthod of vaceination with fa.nely-d* 9=
persed aeroeols or liquid vaocinev\

dater;ala and MGthod.
uonkeys (rhesus) wera. ;mwunizcd with tissue killed vaGeing

against ornitiosls which was prépared by 2 mwthod which "n"V;t;ur*bed
carlier /2, 3/, Por obtaining a Iincly-dispersed namozol 2 volute

of 4.5=-5 ml of liquid vaccine was sprayca for 20 minutes wiilh the o

LBelp of a metallic (Jjot) svrwvor (design of ie 1e uromylic and «, ve
¥ashin} in an lbkg chambel i ‘The arithmetical nean radius krrc)

of particles wus oqual to0 O, &-microns (vith a spread from 0,6 down
to 1.2 miorons with a prodominahce of the finer fractions). The
oconcontration ol a6rosol particles in 1. "1 of air ct tho merncus ol
concluslon of spraying roached 1,0 x 10', and Ry the timc of con=-
clusion of vaccination of the ahimals - & x 10 Tho monkoeys, 2-2‘
years of ege and weigning 2,3-2,5 ki, were found in the chamber and .
inhaled . the aerosol of vaccinc! for an hour. immunization wes por-

- formod 3 timos with an intervali of a day for the simuliaioous clcuring
up of tho reaotugenicity ol thojvaceine. ~Preliminarily we astablisuod
tho abuenco of a temporaturc retction and X-ray changes in the lungs
or the iamnized monkeys [3/. i-

The dose o; inhalud vnccipe was dotorm¢ned by the rormula-V
UG eV e Dot |

where C - concontration of vaccine {ir x/ml) in the 2erosol chpnbor,
V - rospiratory capacity (in ml/min for 1 g of weignt) of the monkey;

-P - weight of animal (in g); t =~ time ol contact with aerocol (in mwinj.

Tho concentration of vaccine (C) we calculated by Mult¢yl,*nb the
nuiber of 26rosol perticles in L ml ol air vy thc wedgat of ono
aerosocl pariicls, the mean radius (rso) of vhich compriscd l.4 nicrons
(1.1 - 107117g),” Ve aosumcd that the donsity of ax zerosol sarticle
squals A unit, V= 0.29, P = 2400, t = 60, and that %ho \v.'hole tass of
*hu absorled aerosol was reteined In the resairatory orgsn Tac

nhalation dose gf vaccine during enc sititing of ﬁx*un;z“tlon coem-
ar;,oa Seb ¢ 107 g, and ducing vriple - 1 6 10‘

Inl, 4, 7, 14, and 21 aays and 2—94 aonth« nlter comzletlion
of irmunizuation the aninrls weri cxsanguinated, cut open, and orpanc
svlected for the doterminatlion of virus-neutralizing antibodies
(Luags, bifurcate, axillary, and ingulnel lympoh nodes, bone marrow,
sploous. Blond sorua and 10, tissue suspensions were used in tiac
reaction of complamont Lfixation and tio neutralization reaotion with
the ornitlicals virus (strain Ud 15)s Theso wore set up in thc gen-

arnlly eocepted nanner; the oomplomont filration rouetion vas sel uy

-
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an tue cold, using the :3rum.a$d suparnatant portiaa of tna susgzn-:ﬁ;
sion a2 the antibodies; tho na&trallzatian reaction was. p¢riﬂrhad ARt
by intracerzbrnl aﬁmini tration to walts mice woighing 6-7 ge The ' - 7 -
rosulle were considered in 21 &aya, procoscing was car“ied out by SR
e rmcdilfind method of Kerber :

s;gtolebﬁca; ;nvagtigatian was nerformed on the lymph nodss
wiiuretts, axillary, and ;nbuznal}, tongils, spleon, Lone RAYICW,
1anbu, liver, and heart or 10 vacclnated and 6 control m&nkax ‘
{4 Iniinled porozols of vaccine 'without viral aatigen, and 2. "fresu®
manleeyra were not subjectcd to uuccinatien). The muierial for
;“.QWQGicﬁ; investigntion was 'fixed in lormalin and in acetonc in
tae cold and sealod. in varalfin-cellolidin. Sootious 5-7 microns
thick wore stained for uistological and histochemicel ;nveatigatzoﬁ
with hematoxylin-eosin, azan / TN. This word has noi been ideniified
g 2vailablo dictinnariagi?, ané toluidinc blue, for idi in the
srisa(reactian, for Dii in the feulgcn reaction, and for impregnation
argyrophil Dlibers and metalliocytes in the Avitsyn modificatlon. .
a,»G tho PAS roaction was sot up and the ucmer react*an Lor oxidase
and alkaline phosphatase, !
Rcsults'E

Luring setting up of the reactien of neutralization of virus o
with sara and suspensions of organs Irom monkoys which were immnized '
with nerosols of vaccine, viruseneutralizing antlbodlies were clearly
revooled in the bifurseto lymph nodes and 14 bone marrow while they -
wers ausont in the serum from the lst day &fter the last vaccination,

i« o, on the €th day from the boginning of vaccination (Table 1)
Corleront-Iixing _ntibodies wore not duteoted in tiazsue extreots
&fn; the lungs, bone marrow, lyiph nodos, and spleen, and in the
STl vers revealsd in A& very low titar and then nat eenstantly
X- .ﬁe &}; i .

w8 is lmowm, v;rus-nautraiiﬂ;n at*undieq in titretable
aounts could not bo detectod i1 man and monkeys whlch had sndured
~rnithwsis, and in the latter, in particulcr, even aftcr thoe paren=-
“ion] administration of live virus 13, 157, Comploment-fixing
Zacliolles miy be revealed, however, thelr presence in the blood
St nes st;au;kte and does noi roflcct & condition o; nonsuscep~
taollity of the anlmal osganism to inlectlon.

1ation of o n??v-éi5§ersed asrosol of vacelna in a com=

;zratiyuly saort time- buaranfeeg the p%rtlcioatian o1’ the cntire .
reticulo-endotholial systom in lrtmnogenesis. -This 1s testificd to
vy atta {rom histoloylecal invustigations.

in 24 aocwrs after completion ol tie vacelnatlion no ourticular
crnuos were dotocted in the dyaphold organa, with Lhe exeepntion of
2 L1981l Increase in the centors of multiplication of rolliclos ol
the lywph nodos and sploen,

P
- | © nest Avallaple CGDY

_}\d




; -
- ) .' I‘
o ‘ : i Dablo 2 .
’ . : }
Virus-noutralizing antibodins 2z the serum and suchonalions of '
oryons of onweys, Lwlinized with sernsols of veccineg agalnst
- ornitiiosis : ‘ :
: Z!A § » G) .
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’ Ligond: = not lunvostigatod; O abésnce‘or differences with conirnl;
| + roliabiliiy ol dilfcrence signilficant, romaining cases insignificant.
Koy:  (a) o, of monkey; (b) Period of sacrifice alfter lwmunizatien;
(¢) Indices of neutrallzaticn {in. Ig); (d4) serum; (o) lungs; (&)
' vilupcate lyapis uedes; (gi axillary and inguinal lymps nodes; (k)
! vone marrow; (i) spleeay (1) udotes; (k) Test group; (1) Gontrol

medium (witiiout virus aatigen); (m) %“rure" control (“"Iroca" animals).
: ]

n tho 4th day the picture was changod fharply; in a1l the iavisti-
goted lymon nodes and tonslls on‘inersuse was revgalel Iu it gentors
52 maltiplication or follicles and & largy nuubor of aldissct *n thean,
taers was a microshegal reaction and meny reticular and irmsturs
Jlaswme cells with en exprocsed pyaoninorliilic cytoplasw) in this
serlod sature plosme cells were revoaled in small Quantitioz {(fig. 1.
Yhe Feulgen reaction for Lia in the nucleli of lyashoid cells was
siargly sositive, and less intensive in the nuclei of reticular cells.
anoaceanidtion nad PAS~positive substances was pouved in the center of
the Lfollicles and in the cytoplism ol retizular cells. Tht cuan=~ :
tueliun of vossels and sinuses wag! swollen., . .t is necoseary to atress
het all these chenjec wore exgresgod with the sar . latensity Ip 2)l
the groups of lymph nodces, bul oonsiderahl; loss in tho s;lcen,
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A ‘Table 2 .-
Cemplemont~-fixing antibodies in the sera of monkcys which wers -

immunizod with aesosole oi vaccine againest ornithosis
13

- Rh-tme !t—uaq @m

H R tise 18 Janne | %8 | 3]
wloelo|+]o]|=] -~ )
Bi+jO0]+|xi+]0 ém rpymes
* y “ + A— a— ‘- -_ .
; ” + c — — ' -s- — ) . . -l - -
| "o o]o]o]o|=]=]|fumpomas -
. i Py na .
W] ojo|=|=]|%] =1 tpuntesmpy
: * NOrS swraress)
e ! 1

Logend: (a) o, of monley; (b) Titers in various ;;i;rio&s aftor
veccination; (c) 4th day; (d) 7=3th day; {e) 15-16ta day;. (L) Wotves;
(g) Tost group; (h) Control group (modiwn without virus antigon).
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Figure Lo  Imaunomorsinclogicel changes in the lymph nodes. ,
5 = .aviakey Ho 20: macrophages, witoses, reticular and plasma cells

-

in ovesinus stogo ol maturity in the center ol a follicle of the

Sr.lltenl 1lwzan node on the Tt day after cerozol immunization
(ooenn ctatn, X520); b - workey Lio 333 mitosis, retlcular snd plasms
¢.170 In tus conter of a follicle of the bifurcats lywpn node on the

14t day after merosol immumization (@rasi st2in, immersion).

Tanen ghanges renched thelr grestost Intonsiey by the 7L fay «lter
vacciration, 2 large nurbor ol mature plasmc colls &piearad. 4n ,
£:ic maried RiTh waz veveslsa both in the cytoplasm and tiuc nuoleonll
oL tae retloular And plaema 2ells. Thesc olenomens Snek% olace on n

-
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o ﬁékgﬁﬁﬁhd;bfnhyperemig of the orgona, Lwhallocyten were clhemighio-
. +:1264 by-an increased srpyropnll state., There was 2 decrensc ln thy
<1 . améuint. of PAS-positive suwztange in the retlicular colli. on tuo

Sk S

7ER' dny the desoribed chnanges were also clearly oo~ ed In 0y
anloon,  The

T reactlun ior oxidase revealed a considerable fusount ol
. exidase~pocitive clemounts in the splosn, JAn_exprested debure ol

; "2 e p L gt Trie e o .
wyelosis in ghe apleen w-a nrebsrvod uf to 2y months basod on the
tormination of Imuunization. | Un the L4th day altoes vaccinubliom taz

Gosoribed chunycs wore somewhat sttenunted, vub subsaiuently they

remuined at the samo_level iIn monissys which were sacriliced un the
28t cay . and WSoer 2% months (pericd oi cbssrvation; iMige R

Figure 2. Immuomorsuologicali changes in the s ploon, .

a - monloy ¥o 2l: incrensed argyrophilis ol metallocyves in the
sploer on the 7%h d2y alter lmiunizatlon (impregnation witiu silvew
~Lass . on dvtsyn, X5C0); b - auonkey lio AV: Lypertrovhied metfllocrtes
in the sploeen on the 21st day after lmmunization {(impregrution wiih

3 ' . Lo

ilver bassd on Avitsym, X500).:

-

Chaiges in the tonu serrow wore raveiled sharsly on han 4Lx

G2y :ator domunization: Ly erplasid oi gellular clensnts wmo moind,
o ;

creoUas 8 picture o nilosis), and fhere was £ lorgc aanoer ol
cticular and immature plasme tells with Jrpresscd oyrcninonhilic
50 *he ceyvboplasm and o positlve PAS-peaction (Fig. 3. also =
cnmziderabls nuwawer of rmature Llasmn colls was doteoted. The renction
for Dia in the nuelel was charply vositive. Blood vessels were
~xpranded and f£illea with erytarocytes and the endothelliun was aswollon
sharply. dotallocytes with thickencd proseases were argrecphllic,
On the 7th day after vaccinatlion the described changes roegihod trelr
greatest levol, weakcned seomowhat on tihie l4th day, Lut remained e

) 13

Lt

oreccod up to 2F monthes (jericd of cusowrvation)s
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lioning, ol the intiralvedlur a—
lungs on the 7ih day orier imunization due. to prolil-
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;.-tqgchanng vore notldet¢pted in the lungs on the Lot duy alftor
vaécéination. On the, 4th dey oxpressed pyperemia was »avodled (in

‘orie” nonlkoy acmorrhapos wore detected iu Lho nlveclar cavity), tacrc

vae swelling of the onduthelium of vessols, focal thicvhening of
the interalveolar partiitions due to prolaioration i lymeaoiistio=
oybio olements, and figurcs oi witecslis in the retlicular cells. an
the lumen of the &lvcoli there waz 2 small numbar ou alvecloeTioss
with 2 weally pyroninopuilic protoplusm. On the 7ilr doy tue irtaunc=-
logicnld recotion vas sheryly cidpressed: diffusc irterstitinl recg=
tion, sharp swelling of ke undothcliwn oi the vessels, rolusc
aosquamabion of the slvevlocyies, muay o4 Vikch trarsloi.u 2599
macroplinges; thwre was en inerease in tue number of lazgioly [olli-
cles with wide centers orf multiplication. following cstaining with
methyl grecn prrenin & large nuaber >r reticular and plasma cells
of verious stages of maturity was determined in tim joribronchial
<0lllclos and the thicened interalveolar partitlons. IThe reaciion
Loae LA waz . sharply positive iy the nucledl of lymphcid cullse Tic
PAS-reaction in the reticular and plasma cells was oxheessed Liss
antonsively than on tac 4th Gay alfter vaccinatlon. wuring s%alinang
for oxidase according to -Goldman a large nuuber of oxiduce=-posivive
olcrents was revealed in the peribroncihial follicles. The reiction
Lor phosphatace was sherply positive. Thore wore metuallocyics wath
on iacreased argyrophilic conditiun (Figure 4,i). srgyrophilic
stroma was nob changed. On the l4th day after vaccination the =
nanges wers less intencive, and on the 2lst day an cyident abaterent
was uoted. During silvering in' these pexiods tho mctallocytes wore
¢loce to normal and the argyrophillc ctroma remalncd unchengocd.

in the livor first and foremost was the onset of phenorwonz cof
edera and small dystrophic changes of .iwcpatic cells. Un the 4-7th

a2y aftor vacciuation a weal swellling of Xupfler cells wes moted

as w2ll &5 the appearance of plasma cclls in small perivasculer
inlfiltretes, RN¥a in the nuclei of hopatic cells, and a positive
JaS~rsaction, S ' o »

Discussion
7illed vaceines against ornithocic (proposed by s number &
suthors; which werc preparod Irow vitelline cacs of ckicl ambryus
*na 2o the luigs or splaen of white mice when adninistered by Lihe

- serentoral route GZd not create .o resistance in asiwls which were

infonted by the respiratory route or taey sonaitioncd o wealldy
sxpressed imrunity. These failures may be connccteu woth tie in-
sulficlent lauuunogernicity of killod vaccines, but ldopended mzinly
on thas nmethod of its application (paremteral route) wiicz aid not
onsurz the development ol resistance in scnslitive cells.

in devoloping & netiod of woociration againet ornithosas e
considar 1t ncocasary to cause in the aniwal the devolorming ol i

Locel imunologicnl rototion of gsonsitive tismuc (in tle luags)
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ageinnt a baclpround of a soneral immurclojioal respenss on the pard
ol svpgans of the roticulo~cndothelial syston, waieh is rennoncible
Jor invmnoponcsis. This response, recorded based on morruoclogicel
tpapslommtion, is compared with ths resulis of an investigation o
tizzuws of these organs for the prescnce of virus-neutralizing autie
sedics. 1t is necessary to notc that viruse-noutralizing sntibodius
wops Pavorlcd in & high titer in tissues with more intensive nodnce
logieal menissstations of lamnogenesis {Lone marrow, lungs, “nd '
Truatic nodes). in cera viruc-neutralizing antiuoaios vere uuture

wiled An an incignificant titer.

/seoine o vosistance was established o infcetion cvon dusing contone
inntion with asrosols ol virus, as was rervited eurlier Jo/e Thus,
tho ncthod developed for tiae proparction of vacelne and tiie mothod
of itz application in the sorm of & Dincly-~disperssa eorscol in tha
sbsance O N exdrcised refctopenicliiy crctte inudrluys an irpmnily
wiish i3 recorded serolcplcally, moroudlopically, and during testing
el ihc rosictance of the animal to infection, - :

1% monYeys which were vaceinated with aerosolc of liquid hiseue
vae

"o questlon of the harmlozsnecs ol inmmunization with serocols
o lleuid vaceine can Le resolved positively on tiie basis ol clinicale
laboratory and ndstologicel investigations of pullionery tissuo irom
monleys which wers used in the experiments deseribed. Tho rcsults
of eGditional investigations for determinution of the harmlcasnecs
ol the vaccine will bo wvresented in the noxt report. '

Gonclusions

1. Killed tissuz vaccine against ornithosis dudring aerocol
iirraniczation with a finoly-dispersed Cfractiun is arecctogenic and
in aonlkeys creates an expressed immunological raesponse:

a) morphological changss, reflecting the dovclopmont of ,
Lanunity, are rsvecled thejimning with the 4th day alter vaceination,
»eaci 8 maxioum by the 7ih aay, and avatc, thouga they stlill remain
cloarly sexpressed up to 21 months {(period of observation);

) & vilespread immunomorphbdlogical reaction ic characteristic
in nil fhe opgons of the reticulo-endotiiclial system. The same
Intenalty of resetions is noted in 811 the groups of lymdh nodss
(Liel rigionsl end dictalj, -

2, The cxposure ol myvlocis ir the shlsen of vacclnated wone
oo, narticularly in later perlods, tociilies in lavor of the

L id

»u2052) of myelosis as an index ol imrancyenic ectivity of an organ,

S« The presence of ilffuse Lateyctitial recctions ia tho
lungs o8 vaccinated monkoys witihout symigtoms of prncuwnonia testliles

]

to the Npotcouiive nature of this reaction,.
H
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4o  Virus-ncutralizing sntibodics wure prevealsd Loglrning with
o 450 dey Aand in higher titors in thc tiss fuds oL those organs
_whera thors was a more Intensivcly expressced LarmanomIrpaologicnl
-rénstion (bons warrow, lungs, 4nd Lmah nocdes).
. . ; 3

. ] L4

Oe Jdrraminization with liquia vaccine with tho uzeo of 2 [finzljy=-
dispersed aerocol is 2n offcetive nicthod of specific pro;uylaxis or
'anLLhOO&S as 2 respiratory infection,

theratufe

-4

- IR, MJ.'J.n, ae & ey vor OJJCV’ we -b.’ Dup\t.b-.a etl wctiiods in

wicrovioloyienl investigations; Leningrac, lDC :
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