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PRINCIPAL RASULTS OF THE STUDY OF A LIVING VACCINE AGAINST INFLUENZA
. " 0" As A, Smorodintser (Leningred)

Division of Virology, Institute of Lxperimontal Medicine of the USSR Academy
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... .uring a major influenza epidenic in 1936 the first Sovist strain -t the

.t ‘ '

" wirds (Leningrad~36) was isolated frum polecats and sucosasfully adspted 'ts «ibino

\' "; -

v

- Q aice, .During the autumn of that year the first teats wore u(io, in cenfreitdon with

————

"M, D. Tushinskii's olinis (with the participation of A. I. Drobyshovakaya, A. A,

"’vas.h, 0. X, Chalkine and O, I. Shishkina), of the rosctive and immunogenio pro-

‘. perties of sdapted mouse pulmonary influenza virus, introduced direotiy into the

"' .. respiratory passages of adult volunteers. It was found that the instillaticn or
§ - .~ atomiszation of large droplets of an active 5. suspension of this virus in & certain
o, &

' . 10
- ooncentration (about felg=49) causes no clinical manifestations but stimulates the

- sccusulation of antibodies in the scorction of the nassl cavity and in the blood. '

oo e

Hearwhile, inhalation of an aerosol of the aamé influensa virus suspension caused

1

- - 0linical manifestations after 18-2, hr in some vacoinated subjects, reproducing the ‘

.
-, 'y

1
|
|

S °-l basio clinical syndrome ¢f influenzal infeotion, and was sooompanied by a Rore in-

l : ,
! tensive aocumulation of antibodies, Only 18 of the 72 human wolunteers, ‘I:i( no
{

. : i Hyo
hondtidaus HMFoua-¥aitimlirzine antibodies in their dlood, reacted to m:t‘ion oﬁi

e 3




virus cerosol, whereas persons whose blood conteined antibodiss ¢id not respond

Q

wwdith 6linical recactions to adninistration of a massive dose cd‘ laboratory virus,

It was against this background that in 1937 we began trisals of living 'vaooin;
from the lungs of albino mioce in epidemiclogical ohiservations covering about 20 000
", persons to 13,0,

The results of these trials of livi;lc pulmonary vacoine, given by instilla-
tion into the na_‘sal passages or by inhalation, showed a regulfu-, loworing of the -
attack rats of influenza, significantly by one hslf, in all cases iz whisch vacoin-
ation was degun .in time and the vaocine used was apecifioc for the inﬂuenu arising

anong the vacoinated subjects, Zven a halving of the attack rete during an epidemio

of infinenza is statistically significart, for this infeotion involves up to 20-30%

Qf subjects in control groups.

a,a,&-v‘ﬂt Y

After 1947 the living pulmonary vaccine was replaced by aa improved silansSis

'«L'; lyophilized prepecat.on, - produced on developing chick embryos. The groeat advantage

of this pruparation was thet a vaccine could be obtained free from oontaaimting

bacteria and viruses and the range of immunogenic vaooine strains inoluded in the
‘preparation could be cxtended, which was not possidble when rouse lung vacoins was -

~used, However, the ‘need for lyophilization of the allantois wacoine oreated addi~ °

tionai difficulties in the way of issuing a standardized product, for only if the
aypu;f:\xu used for lyophilization is of high quality can the loss of ocuid;mblo
aumxx;ts of aotive virus or variations in its activity bde prevented, doth among dif-
6r°nt batches of msipo end amo.ng the ampules of the same batoh, yo therefore

coased produoing living vacoine in powder form, despite the toupting possibility




of issuing ¢ ready-made preparation suitadble for use, and utilising the veat stores
Qf.virua in the allantois membrenes,
The various prinociples of vaccination sgainst 'inﬂuenu have been evaluated
experimentally in the laboratories of A. A, Smorodintaev, M. P, Burnett (Australia)
» and Y. N, Zhdanov, who have demonstrated that living ‘vaccinc has clear sdvantages
. over kdlied, This was explained not only by the eimpler {echnique of using the
living veccine, but also by the development in this case' of a. nors im.;gmin‘ lqou]:
inn.nity of~the respiratory passages, preventing thc; proliferration of virus in the
sensitive tissues of the respiratory tract as a result otthe intem:.lvs production
" of.‘mtibadiu in the portals of entry of the infegtion,
The thearetical ground. for the use of a living vaocine ngai.nzt influensa
eo derived from reo'en;: irformation on the pathogenzsis and :meoloy of influenss.
*  The attaok rute of influenza in the period of an epidemis differs oansider—
ably in persons with different blood antibody levels, Moat cases ooccur in psople
with a low level of Lumorul immunity, thoa; with a moderate antidody ooncentration
) (1320~4 340) are attacked much more rarely, and those with a high .mboffy level
(1 :80 or h;shor) are fully protected against the disease, According to the results -
_ of the serological 'exuimtim of 2064 patients in the course of several epidexios
- of typas A, A{ s A2 amd B influenza, low antidbody titers (below 1:10) were prasent
~ 4n the ﬁx-st days of the disease in 89% of patients, svcn;o titers {(1:20~1:40) in
93! and high titers (1:80 or higher) in only' 23 (Table 1),

o The movement ot dufluenze in the epidemio and intcrcpidcdo poriod bears an

Jbvious relationship to the immurviogical indices of thu population, determined bty -

-

[ n—- e~
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thc rercentage of susceptible indiviuuuls and the mean antibod;r levels (Tuble 2).

'«\0 Iyx

u\e 1, Quantitntivc Coroentration of iype A, A1, £2 and B Antibodies in the RKcod
of Influensa Patienta Exwuri.ned in the /cute Perioa and duriry Convalsscence (ﬁ'ﬁl ]
),‘.L.\.L' ['lhv [ ’
results of the hemagglutinotion daleysng reacticn) "
XaY: ‘1) Period of disease 2) 1st-3rd day 3) 2-3 wecks later 4) No, of
S by e ed el ) .
patients with antidody titer as > (2064 althgother)  5) low (& 1110)
'41 byt ' ’
6) 9.5@1;- 7), average (1:20=1:40), . 8) high (1:80-1:320) .
TABLR 2. Attack Rate of Influenza during the A1 Influenza Epidenie in 1349 Depending
b on the /atibody Titer a\ the Onset of the Epidemio’
KEY: 1) Antibody titer at onset of epidemic  2) Low (¢ 1:10)  3) Average
(1:20~1340) &) High (§:80~1:320) * 5) Adult (542)  6) Ne. of patients

@,  8) % of each group falling 111  9) Children (504)

It follows that the practicability of vaocination against influenza cannot
be denied on the basis that even in persons reoovering from influenze innunity either
does not develcp at all or is only trancient and of too shoit duration to be devel-

cped by miﬁohl vacoination, Althougk the duration of naturally ncquired imnity

to ini'luenu is ahorter then that to pany other virus infeotions, it can nevertheless

by measured in tems of the gonsiderable intervals of time elapsing .betwcen two
succeasive .apidt.mioa of mﬁuenza of the same aerotype, amounting to about 2 yr for
type A influensa and 3= yr for type B. This duration of natural immunity against
influensa 58 quits wufficlent for carrying out plonred immunisation in the presance
of wam cative apperstus fo- suproduoing immunclogical changes analogous to the

natural epidecis,

© e ey pregn

-
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These ¢ =ral «pidemiological arpuzents in support of the use of living

acoine to not overcoume several serious objective diffioculties in the woy of asctive

impunization against influenza, and not usually obssrved during vaocination against
other virus infeotions. ' ‘ .

The first difficulty results from the biolotgioal' p;‘operties ¢f the influenza
virus as ar agent stimulating the developaent of immunity of r~latively short dur-
ation even in the conditions of natural infection, It is extremely intereating to
discover th: mechnniu of the immunological shortcomings of the influenza virus and
to develop experimental methods of modifying vicoine strains, This would ensble |

ocmbinations to be.obtained between the viruses of influenze and more activa"viruaes

of other species, which oould "correct” the imperfeot genetic immunogenic complex

G‘ the influensa virus.

. l
direotly into the respiratory possages. They stimulated more intensive anun?

g
|

-

§

genio proporﬁes of the influenza virus, as & result of which every 10=1% y‘r ere |

|
{
|
.ty . |
i
i

During recent years we have cbserved that attenuated strains of adenoviruses

and pars-influenza viruses are much nore effectivs if introdused by 1!’.}10 ;mo method

l

ical ‘changes in vacoinated individuals than living infiuensa vaooine, \
The second serious difficulty is due to the natural varisbility of, the‘i

l

-‘4;& partial or even radical replacement of the antigenic vardants of the caurative

agont of Muenia oiroulating among the population., It is therefore -inponiﬁla to

produce a standard preparation for the specific prophylaxis:of influensa with

. ) ’
6‘“’“ cezposition for many years, as is the caze for living vaccines againat umllpT

|

yollow fever, poliomyelitis, munmpe, end measles, For sucsessful immunization against

e e e =

v

= e g 7 -
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f
|
' l I
influcnza, the composition of the veccine strains, especially the most varia’ble :
strains of group A virus, must be rencued every =10 yr, ‘because of the abntinqmp
|

5

appearance of new antigenic varisnts which become deaminant within a very 'zhort ¢

P

e,

It can be stated categorically that the probdlenm of large-sosir ceiive immunization
. i
|

against influenza Ly meens of living vaccine would bove oesn »2l-od, had it not been

. Tor the need to modily this prepars.ion radioally evw~ 5-1C yr. : ”

Although these difficuities ars imperiant, there is no ceuse to overeatimate

their role in practicel immenizavion against influénza, M’. the present tim, in-
munizetion with 1iving vaccine from attenuazed immunogenic strains of types A2 and

P is the only nass measure capable ef lowering the attack rate of intlﬁcnzg signi-

ficantly among protected porsons. - R

LR

Because of lack of standardization of the quality of the preparation at pre-

sent marketed, the ectual indices of the efficacy of vaccination against influenza

vary within wide limits, so that surict control of the techmological process and

.
~

improvenent in the methods of asdministration of the vaccine m. required.
A factor of particular importancz to the improvement of the qua.lity o living
influenza vaocinc is the choice of highly immunogenic vaccine strains and tho

inoreasing of the odnccntmtion of active virus in the final preparation. The

vacocine strains composing the living influenza vaccine must de seieotod from anti-

~ genic vardants dominsnt during recent years, corresponding at the present tinme to

A §

‘v

©

soerotypes A2 and B, Thess strains must posseas the following propertiest. . low-ro-
activity, intensive proliferation in the upper respiratery tract of susoeptibdle

peresons, insensitivity to human nonspecifio mhibit'ox's, and ninimal sensitivity ¢o




‘e

\

-

F

imaune factors alrcady existing amon; the population.

. ‘ . The effiocacy of a living influenza vaccine depends on tho following proper—

'tios: 1) the spooificity of the vaccine strains composing the preparution, deter-
ninod by the coxrrespondence between their antigenic properties and the .'domimnt

o strains of typés 42 and B influenza virus st the conteaporary epidemiologicel

pcriod; 2) the eotivity of p;:'olireration of tbs vaccina virus on the mucous membranes

-.of the .upper mpitatory trsct of sus¢eptible porscms, detemincd by tixe presence

of' the adninistoro& virus in the nasal secrction and the pharyngeal mucus, tested 2

| .‘.nnd Iy days after primary vaccination; at the same time the viru: doss not survive

in the respiratory tract of: ;;ersona receiving two dozes of living vaoccine; 3) the

developacnt of specific humoral immunity to the vanocine strains vetween 2 and 3

"mok. efter single, and especiully after triple vaooination, which we introduced

-

. in 1962 into the praotice of active influenza immunization. This important sign of
postvsooi.ml immunity is ohnrnoteri;.ed primarily by the peroentage of porsona 1osi.n5

thedr suooeptibmty to-influenza, i.0,, soquiring specifio antibodies as a result :

of triple hmmization.

22
¥ <y

' TARLE 3, Immuncgenio Aotivity of Living Type A2 Influenza Vacoine Depending on ihe

Concentration of Aotive Virue in the Pmpa.ration
| KEY: - 1) Concentration :ot’ virus in 1 nl vaccine (in 1g 10)  2) Ho, of persons in
.mp 3) Reaotivity of preparation  4) Indices of immunogenic aotivity  5) No.
of p'eirsons with fourf'old or greater inorcase in antibodies €) Lean antidody titer

‘v

ver pevsen  7) relative inorease of antibodies

The efficacy of the living vacscine depends not only on the specifioity of




. the vaccine atrains and their immunogcnic activity, but alse on the concentration
O\rirus in the 'finnl preparation. In order to ca ¢ marked }munological changes
. ”vrith tho -n:‘.d of inoounus end maximally attenuated influenzel stroins, o largs enough
dose of active vima,'wh.i‘o.h must be equivalent to a minimum of 100‘ OOO. cnrbryonio
,ini’i:otion units (Table 3), must be introduced into the respiratory traot of suscep~
.ti'b].e w'viidmh. In order to meet this requirement, alli'._ving veooine nust bve
_ propared with e ninimal ooncentration of 67%g 10eof virus in 1‘ al of the produot.’ B
In thia case 0.5 ml of vacoine, adainistered in a dilutiem of 1:5, will contain
100 OéQ‘S.nteotim units of virus. T _ "
The cloge corx:alation ;xisting betvween the imunolcgio&.l" and epideniologiogl
. efficaocy of living influcnza vaccinc implies that the prinocipal problem in aotive
émniution ewaiting solution is to reduce as far s posaible the mmbcr' of suscep- ;

tible persons, characterized by absence of antibodies in serus diluted 1 15=1:10,

Nagy years of study of vaccination against influenza have shown that this

probles cannot be solved ‘cy cingle immunization, even given an optimal preparation ’

- '

and a high cowentntioxi of immunogerically potent virus. In most vaocinoted per- i

‘ . * R __“ .
sons single inmunization may fail because of the appearance at this time of various
. 1
L |‘

cbstacles to the proliferation of virus (interference by other viruses, abundant

i
'
seoretion of mucus, and 80 on), After 8-i2 days these obstacles disappear, and if
. i
1

a second vaccinstion is given, the virus begins to proliferate intensivel,y'. Triple

vaccination at intervals of 8-12 days lcads to a aharp fall in the number of sus=

* .. a

ceptible persons, .which often falle from 40-5% after primary immunizatien to

15-2575 after triple vacoination (Table 4). An inorcass in the musber of vacoina= ‘

bt

|
|
|
|




e e - P s . - Y va— ¥ S L

tio;'xs with the living preparation iz thercforc a mest important condition for in-

QO casing the officacy of aotive imaunization against influenza,

"l :',Cepl{\ .
LN .

TABLE i... Effect of Frequenoy of Vaccination on the Immunological Efficacy of Acf:ivo
Insunigation against I.nt‘lue;:w in Vaccinated Persons (initial' ontidody titer to

| used strains 1:10)
KEY: 1) 'lloocnle;at A2 or B vaccinos 2) Divalent A2+B vacoine I} Froquenoy of
inmunisation L) Single Double Triple 5) Pcrcentago‘ of persons showing
L-fold or greater increase in antibody concentration and index of no, of times by

whbh:‘mtibodin ‘inoreased during study of resﬁlts with strains indicated 6) Index

e

" e triple immunication of the population with living vacoine which we re-
conmend is praoticable only by the use of a 3:i:ngle polyvalent preparation oonta.ining
92 vacoine strains of serotypes A2 and B. Although this preparation, if adminis-
tored onos o;ﬂ,y, may display an adverse influence from competition betwoen the in-
dividual strains (interferonce) on the rcproduction of the various vacoine s‘;;‘gins,
this Qdefaot’ is oompletely eradicated by triple inmunization with polyniént va;gine.

* The less aotive strains, inhibited after the primary vaooina%ion by their more aot-'

' {ve compstitors, besome predominant after the second and third immunizations, b=
csause they have not yet oreated & specific imsunity,
Ths efficacy.of living influenza vaccine is also inorsased significantly
i it s int.oduced into the upper respiratory trast in a finel;,"' dispersed state,
’ inoreasing the erea of‘ oontaot between. the virus and the susoeptidle tissue, which
favers preliferation of the virus (Teble 5). At our suggestion the produsing in-

atitutes supply users with portable atomizers, suitable for use with a definite

dose of vascine,

-
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TABLS 5, Effoot of the Mode of Immunization on the Reactive Properties and Immuno-

Qasico.l Efficacy of Living Typc A Influsnza Voccine in Susoeptible Porsons (adoles~

.
Lo
.

cantl)

KeY: 1) Vio2e of iomunization 2) Instillation into nasal passages  3) Atoni- -

4

zatien  4) Inhalation of aerosol  5) ilo, of persons in group  6) No, of e

sons giving temperature reaction to adminiatration of veccine 7) Yo, of persons

showing 4=fold or g#eater incrense in antibody concentration 8) Kean index of

inckease in antibedies 9) Ho, of perscns rezaining
L . —

During the past 15 years the Soviet literature

susceptibla

has oontained reports desorid-

ing the'-cpideniologioai efficacy of living influenza vaccine, Nevertheless, mny. .
cases axe &lso re;;ox'ted in whioh such vaccination was a complete or partial failure.
Q\ caoh case, the 'fact's and coaolusions wore correot. ° The reason for the discrep~
ancy wes not that the prinociple of inmunization is itself in doubt, but that the
'preun;; lovel of produsticn of influenza vaccine does not permit regular agpply and
use ot‘prcpmtiom' absolutely uniforn with the guarantesd standard as regaz\'l;; .‘qual.kty.
In 1960~61 the Wnistry of Heaith of the USSR conduoted large-scale trie.la

of the epidemiological, efficacy of the living influenza vaccine issued by various

institutes in Loscow and Leningrad. According to results obtained by the Institute

of Virology of the USSR Academy of kedical Sciences from the study of more than 1°
aillinn vacoinated persons, considerable differcnoes were observed in the resotive

and iamunogenio properties of these vaccines. Living vacoine from the Mosoow Inst-

°~~30 of Virus Preparations halved the attack vate among the vaccinated and savc only

goderate resotions; vaooine from the Leningrad Institute of Vaacines and Sera, pro-

-




duced from our own vacoine strains, loscred the attack rate by a factor of 5.2 ang

0 ¢cave only slight reactions. Thesc results do not define the limit of efi‘ioacy of

e

the living vacoine, for they were obtained after a single adminiziration of two
] S

! monovalent vaccines, rot absolutely standard in quality (as regards concentration of

v -.  virus).
. - A " hs & rosult of the experience gained from this study of living influenza
. 'Vnhciae, new instructions were drawn up to rcgulste the proiaction and sontrol of

_thip proparation and to ensure that the following requirements regarding the quality

of the preparation and the schemc of its replacement are aastisfied, -

1

|
~1,- The use of single veccine strains most closely related toithe, ,Txtigenio

variants of types A and B predominating at the particular time and poase‘ss:ing high
]

° dmsunogonds activity yet not producing reactions, for the production of yz‘xccine;sfa

. * Tk
i
2. The issuing of a preparation with a maximal ooncentration of aptive virus

| |
" ensuring the administration to the vaccinated person of not less than 100 ICX)O ‘

1

infection doses of virus of each serotype. To satisfy this requirement, for the

¢« 7 Ak
. produotion of vacoine not only the sliantoig i3 used, but also the allantaio

1
S ‘ !
mezbranes of infeoted chick embryos, careful precautions being taken against in=’
i
i
I

activation of the virus during subsequent drying and prolonged storuge.

- ™~

p!
5. Triple administration of the vaccine in tbe fourth quarter of cach year

et intervals of 8~12 days by means of an atomizer. A divalent vacoine (A2+B) is

-

‘ uscd for impunization, by pooling equal volumes of monovalent A2 and B vaocines at

0 the tims of lauwunizetion. The living waccine is supplied by the mamfacturing in-

\ stitute with a portadle atomizer.
‘\‘ 3
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. The parketing of a living veoccine with puarantecd specifioity, ?‘arn.lessmg,,\

de efficacy will provide a sound basis for the saccesaful conirol of influcnza,

1

-
PSS

Vaccination ogninst influenza wmust become a mass procedure %0 be carried oyt on t

4
1
! i

! entire pepulation o the country. <nis will nct only substantiplly dcorease the ;
L | | P
+ incidence of the discase, but also gradually cradicate the reserveir of influenza *
RN o . }
a virus. ' . b
|

y ’ In the sone way mass prophylexis must be practised against the viius respi-
< ratory infections new to medicine, affecting predominantly infants of prescnool

. E AA(O')'S 2 .

) (f/ age, anl caused by adenoviruses, para-influenza viruses, Yepienls pneumonia g&f

, syncytial virus and the virus of the common cold., Because of the higher inmunizing
properties of most of these new viruses by coupariscn with influenza virus, the’

O)repmtion of a new asséoiated living vaocine ngainst. t%:uo viruses cmin; nass
‘ respintorj; infeotions is tpe next urgent task.
REFERENCES
Smorcdintsev, A, A. and O, i, Chaklina, In: Problems in the Fnthogenesis azden-

. zmunology of Virus Infections. _Leningrad, 1955, v. 329.. -~

e

-

R * . °
* Smorodintsev, A, A. and A, A. Korovin, Influenza. Leningrad, 1961.

Sokolov, Y. I, Active lmmunization agoinst Influenze., bNoscow, A5k,

” -




g

FRaprr

-/ r T -" s Ll E z/
- ._.-._Lf._ ':_”_r_ -' :-m: TR |Tc:uvu (rcetn NAi OGoa nux)
L2 ‘ - o
' {iepmna 3200 1rm 1 r""""" t el l epcapiem (1N —teq) ln«ounn {1480-41320)
T —— . e e . ot e —— ‘ — —— o ———
W | ¢ Lo
[14 . l alc * I ahe. ’ »
' . T 1=38 acm Goacum 1 A% o | s 9 4 2
1 Yepes 23 uecxean 121 6 | 475 ] UL 71
R L Tetic <
- . 5 Baper e (42) ? Actn (L04)
- . i " 3
4 . N Tarp snwmies » navase k\ncw [CIXTIVTY « aafnven. 3acay (oivmer “ ”“(f.”‘
" pemwems I wamron Kam Aok
’ cat se. 7 - l e l7m. ! “ pyne
2 !
SO tewed (<hiimy L. | o2 57.8 a | s 81,2 a2
J. 3 Crrwna (1201 40) % | T 88 | 2
AN ‘(ermma (1 :00~1:320) gt 1,0 1.5 l 0 0 0
" ¢ o s '
IR ) CTaBLE3
N '.- P \ Y ' z 3 _ A 110022176 v wmm¥inn conmodl SRTRNOCTH
"( S5 Cosepmanne supyes " osed IPesxtor & | 7 . =72
L SN oo ek P s v e | prama % | epemchh o
o ! 8 4 p13a u boace Waoaexd Turca ‘;
e . 7 k'.‘ N ! i ,L
7.4 7 0 21 1:55 67 °©
‘ P 8.4 30 0 16 1:43 4.9
PIA o 2 o 10 1:22 4,1
RO 4.4 3 L0 s 1:14 2,2
- - 3.4 24 0 2 1:10 1.3
. ‘q_.l‘,‘;'. :
T TaRkee
R Npouess anxn. ¥ xotopua coacpmanne
RN e S Ty (L
?rq’t( r-Lg,~ /3 SNTHTES MpW WIYwerNK pc:ymm
o - ¢ FUSISIMMUE BITHNMAMN
‘o ) ’-‘ T, sipeneper . Kparnocts nuwynsdaunu A2-96 B-14
. .o S G
: Ry ., » wageme % | weaeme -~
Moxosaxurs AZ man B| Qaunoxparun . 001 7.4 52,i 1 3.8
. ! Apveparun . ;L" sG] R 8,71 7.3
Tpoenparun §7.0! 3.5 95,71 8,6
Anpsxnmng A2+B Qanoxparun A 57,0 5.0 41,31 3.3
C 2 Jdeyxpatun ' .11 7.4 69,0 6.1
- N Tpoexpatnn . 7.5 8.4 } 79,31 8.7 .
. T’fn L£9
i Wwcao ?u. :‘:,‘ .'7‘,':'0 y ¥ y, 7
Hncan £o- |samemwr vewne- [ flBRC L Coerunt nowse | ocrernracs
Conted nrwyneruowm WA 3 TPYR-IPATYPHYI0 PEAN-| yyrey ypean. |MTEAS Rpup [y -
bl O e’ | wmaech w 4 | TS swmeTes Sasen
. « Pt w [+ v
‘ 2 3ananutamwe 3 moc
- 0 . ... ., 4 08 -0 44 23 . 54
3 Niyssmeproanns . . ., [} 7i 0 51 3.3 )
& 'liura{snu 23p030AR 20 7 7 4.9 19

e ————

S — g




