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Russ ian  Engl ish

sin sin
cos cos

tg tan
c tg  cot
sec sec
cosec  c sc

sh sinh

ch ccsh
th  tanh
e t h  co th
sch sech

csch csch

arc sin sin~~
arc cos eos~’
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arc ctg cot~~— larc sec sec
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arc sh sinh~~
arc ch cosh~~— larc th tanh

— larc cth  co th
arc sch seèh~~
arc csch csch~~

curl

log
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INNNN QBIOLOGICA L PARALLELS IN STUDYING DRY AND LIQUID VACCINE
AEi~OS0LS IN EXPERIMENTS ON ANIMALS

Rep ort  II . Sens itizing Action of Tetanus Toxoid Aerosol Depending

~n tha Fract ional— dispers ive  Composition

N . B. Yegorova , V . N . Yefremova and S . F . Fedyayev
Nu scow Inst i tute of Vaccines and Sera im . Mechnikova (Submitted
1~ July 1970 )

The immunization of animals with  an aerosol of tetanus toxoid
with  adjuvant (complex typhoid antigen) causes the formation of
considerable amounts of antitoxin in their  blood regardless of the
aggregate state and the fractional—dispersive c~~ po~~t~on (FD C).
However, during the immunization of guinea pigs with liquid aerosol

vo~ noted a sic~nificant deviation of the animals, while vaccinat ion
with dry aerosol in a wide range of aspiration doses (1-7 SU [i ( -

s~ cur i units] did not cause the same thing (Yegorova et al., 1~6- -~) .
~~~ ~urpose of the present  invest igat ion was thu study of thu

ct ~-u n d u n ~ e uf thu  harmful aftereffects of vaccination (one uf ~ft
c r it er i a  of ah i ch  is the degree of sens ti : ation of the organism)
on th~. FDC of the vaccine aerosol .

It follows to state~ the quostion of th~ de~ r~ e of damaging
act~~~u ~~ aerosols depending on the FDC is not new .

~T~ — I D ( i N ) I — 1 ) 4 7 1_ 7 6  ~ -
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It was stuu i by many investigators on models of bacterial

and toain aerosols (Druett et al ,, 1953; Goodlow et al .,, i,~61,
Lamanna , 1961, etc .) .  It was shown that the infecting and toxi~
action of aerosols increased with a decrease of particle size . As

concerns the dependence of the sensitizing action of aerosols on
particle size, then on this problem there is only the single ~eport

of Lamanna ( 1961) . The latter tes t i f ies  to the fact  that sens it i-
zation by an aerosol of egg album,kn , containing 77. 4~ ar t ic les
up to 1.3 ~m in size caused a lethal anaphylactic reaction in oO~
of the guinea pigs, while sensitization of the animals with a 7
times gr~~ter dose of aerosol, made up primarily of larger particles

(from 7.5 to 10.5 ~~~~ caused a similar reaction all told in only
6.6;~ of the pig s . A Stuc -y of this question relative to vaccine

aerosols will make it possible to determine their most rational

FDC, which will ensure not only a high degree of effectiveness, but

also a safe vacc ination.
In this report we will present materials pertaining to the in-

tensity of anaphylactic action of aerosol~; of tetanus toxoid of

different ~article size and aggregate state. For resolving this

question th- guinea pigs were immunized one time and twice with dry

and liquid aerosols, consisting of a mixture of tetanus toxoid and

typhus anti?-en , and also of only the tetanus toxoid with a differ-

ent FDC.
Two modes of dispersion of the preparation were seleL ~d for

obtaining the liquid aerosol: in one case the vaccine was trans-

fe r red int o the aerosol under a p ressure of 1.5 atm of comp ressed
air, in the second under a pressure of 2.5 atm . The FDC of the

aerosols obtained was determined with the h- ’i p of a photoelectronic

dispersion meter . During the dispersion of tetanus toxoid ~ith

typhus antigen both modes ensured the obtaining of aerosols which

consiste d of part icles up to 8 ~~~ but based on the content of the
individual fractions they differed significantly. In the first

mode of dispersion particles up to 2 ~m made up less than 
t~O” by

wei~ht (ave rage t~5 7+1.7%) in the aerosol, particles larger than

~ ~im — 15+1.~~
’. The aerosol which was obtained as a result of dis—
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persion in the second mode d i f fe red  cons iderably from the previous
one by the greater content of par t ic les  up to 2 p_rn (63.5+2 .5~ ) and
by the lesser content of larger part icles - a magnitude of L1._~ p_rn
(2 .2+0 .k6%) . In the dry aerosol , created with the spraying of

tetanus toxoid and typhus antigen, the particles from 2 to k p_rn
comprised 1.5w . The fractions of particles from 8 to 25 p_rn (90 .2°f )
were predominant in it . Furthe rmore a study was also made of the
liquid aerosol of tetanus toxoid per Se , which with the selected
mode of spraying contained 35—40% of particles up to 2 p_rn.

Table 1. FDC of an aerosol of tetanus toxoid with adjuvant depend-
ing on the method f dispersion and the aggregate state

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (B ~.±tn) ~U ~~~ 3 ( 1~ pa.4)ibIX

Ac per arH oe ~~~~~ p 3M’~pOl~ (e M?C)

coc To ,nIHe r py r na ~~~~~~~ 
— — - - — ——— -—--——— —

- 0 .5 -2 - 2 - 4 4 — 8  8 - -  13 ( 3 — 2 5  25

45 , 7±1 , 7 39 , 3±2 , 5 15 , 0±1 , 4
2-~ 63 , 5±2 , 5 34 , 3±2:4 2 , 2±0 , 4~

Cyxoc.~~ 3-~ I 1 , 5±0 , 09 8 , 3±0 , 88 I9 , 1±56 , 6± 14 ,6~~±1, 1 ±0 , 95± 1 ,57

Ioc r~ He J HocTh ~~i3HOCTH (P) Me~+u1V c p v n h l a M H :
1~~ H 2~ % <0, 05 >0, 05 <0, 05

u 3-~ <0, 05 >0, 05
2-~ H 3-~ <0, 05 <0, 05

Key : (1) Aggregate state of aerosol; (2) Group ; (3) Average weight
concentrat ion (in %+m) of aerosol particles of d i f fe ren t  size (in
p_ rn ) ; c~4)  Liquid; (5) Dry ; (6) Reliability of d i f ference  (F)
between groups : .

Immunization of the animals with liquid aerosol :f tetanus
toxoid with adjuvant was conducted in parallel tests , in which under
d i f fe ren t  conditions the same amount of preparation was dispersed .
The method of immunization, detailed characterist ics  of the vacci—
nating preparations and the appraisal of the anaphylactic reaction
(which in our work is the test  of the sensit i.~in~ action of the
vaccine aerosol) are described in a previous rup ort  (Yegorova ~t

al. ,  1969) . In all the groups of animals im unicat i co  was carried
out with doses which ensured a high level of ant i tu ; :in  in th blood .

FTD — I D ( R S ) I — l ) 4 7 1— 7 6
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The titers of an t i toxin ,  in all the test animals (regardless of

the  ao~~~u gat e  state and FDC of the aerosol with which they were

vaccinated) after the first inoculation fluctuated within the limits

of 0 .ci. —C .1 IJJ/ j, after the second im munization in the majority

of ~he E ’-ui1~ea pigs it was 
)40—50 IU/ 1 In the blous • At the same

ti~:e the i:c ensity of the anaphylactic reaction in the guinea pigs

which we re inoculated with the tetanus toxoid with adjuvant in the

form of a licuid aerosol of different FDC turned out to be differ—

~nt (Table 2). In the group of guinea pigs immunized with the

liquid aerosol with a lesser content of the fine fraction ~+5.7-~-
1.7’) the index of intensity of anaphylactic shock comprised

33.2±1;.3’~ after the first and k8.7±11.6% after the second inocula-

tion. In animals immunized by an aerosol of the same preparation,
but containing a larger number of particles up to 2 p_rn in size

(63.5± 2 .5%), this index considerably exceeded those indicated above
and was equal respectively to 72.7±9.1 and 79+7.5%.

:Ianifestation of severe and fatal anaphylactic shock in the

first group of animals after the single and double immunization

was recorded in a small number of animals (22±13.8% after the first
and 27.2±9.5% after the second inoculation). In the second group

of animals (vaccinated with an aerosol containing 63.5-i-2.Y parti-

cles up to 2 p_rn) a similar picture of shock in analogous periods of

observation was noted in 66.6±9.7 and 65.5+9.5%, i.e., 2—3 times
more often. It has to be point ed out that in this same group of
animals along with the increase of intensity of anaphylactic reac-

tion we noted their death following immunization . All told out of

69 guinea pigs vaccinated under these conditions 16 died from sero—
hemorrhagic pneumonia . In the group beiii compared there were no

deaths of animals following vaccination*. {* A detailed study of

the morphological changes in the organs of anl ials which had been

vaccinated with the a~ rosol of d i f f e ren t  FDC is the sub %ect  of a
special report.]
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Thus a direct  correlat ion was revealed between the nature of
the FDC of a vaccine aerosol and th~ harmful aftereffects of vac—

cination, the indices of which in this case were the severity of

the anaphylactic reaction and the death of animals follow ing im-

muni:at ion.

From the point of view of evaluating the role of the FDC of

vaccine aerosols in the development of sensi t izat ion of an organism,
anJ also the influence of the typhus ant igen on the anaphylactic
oroperties of the toxoid it was interesting to study the anaphylac—

t ic reaction in guinea pigs which had been immunized by a liquid

aerosol of tetanus toxoid per Se . In our tests such an aerosol con—

~at~ eJ 35-40, t par t icles  up to 2 p_rn 1n size . The titers of anti-
toxin in the blood of the animals which had been immunized under

~h se ccriiitions fluctuated within the limits of ±0—100 IU/rnl, with
• -::ception of 2 ~~~~ in which I lU/mi was contained in the blood .

In t h~ ~rocess of vaccination there were no deaths among the animals .

~e record :d th~ manif~ stations of a severe and fatal shock in the

animals 0f this g r oup  after the first inoculation in 30±14.k% and

~ftur the second — in 27.%±15.~%% of the cases (see Table 2). Con—

s~ u nt ly, based n th  severity of the anaphylactic reaction to

a r  col ~~ a~ m L~.i.st~~ition of liquid tetanus toxoid per se
a ; ;  z L:~’ - th ‘ action in the animals which were immunized with
a:~ ~t e r ~~s~~i of t h u  sanu preparat ion with  adjuvant which contained

l’~ss  than c Q ’~ ~ a r t  Lies up to 2 p_rn in size (P > 0.05). This

t S t ~~~~i i  to thu fact that the addition of typhus antigen did not

~nt osify t:~ anaL ,: act Lc action of the tetanus toxoid .
DurLro the study f thu  sensitizing effect of dry aerosol of

tet anus t’;x~ i. with ad .’uvant the manifestations of the anaphylactic

fe ~t L n  Li ~~ i 1  ri~~~i : L  .:hich had received a 1—7 SU dose of prepa—

i ” t i~~:i were ex; russod to a c~ nsioerable degree (Table 3) . After
f ir:t : 1  at Lou a s v ~~u e  rc~ ction was noted only in one pig

out of 16 .k±o .0 ” ) ,  af te r  tin’ second inocu1~~t on — in 20 .o-~-~ ~3%
of tin. ani~ a L s . W i t h  a unsici’rab l inc ruas ’ of a s p ir at i on  dose
(t o  ~ U — ~ ~ ) th  t ’  was a t c n l o n c ,y f or in tens i f ica t  Lun of the mani—
f stat i s of ana~ i iyia~~t i  shock . Especia l ly  dernonstra t iv ’ly in

t :h.s case th~ s cvu r i t y  ~f th~ S11u5~~ iu ic r easuLl  a f t e r  the first

5
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ii ,, - i-l M, - . , . ’ a c , i  ~- is ho 3 —  .1 3 72 , ., i ,  II 2 5 3 0-3 27 ,

ri ,. . ,, -i: , 2 .r” ± 37 ,7 :~~~ - !
H 2.i~ <‘ ‘2 . 

~ ‘ . -‘2 ‘ ‘0 - -
li ’Ci,l ,[’ i’u, IV , ‘ i ii R’ i6 - a, , , i ,  ., , , , ‘ . ,  .1 , , ,

1-,, ,, 34 “)). P <5, 0 .7 , i5~ “0’ ’

~~y: (1) L f . es’otioIi; (2)  ‘; r o Up ; ( )  ~a tu :e  of FDC of aeroso:! ; (~) As~ too—
t i . :,  dose ( in  5”); (5) Intensi ty  of reac tion fo],jorjip’ immunizatioo • (6)  fir:t;
( 7 )  second, ; ( c )  number of a0imals in t a s t ;  (9) index of in tensi ty  of shock (lo

(1... )  r~ rI uu!1cy ~~ lethal arid severe  shock ( in ‘it:) ; (ii) T’:ta~:us tax . id
w i t h  a dJu v a nt ; ( 12) Tetanus tox~ id per cc;  ( i )  Less than 50-H of ~- a 1-t i 1les U:

~‘,o 2 pm in sl.~~:; (1k) More than 500 of par ’ti: lcs up to 2 pm in siZe; (19 J~~ss
than HO ’ of pa r”aicles up to 2 in; (16) FeliabiU.ty of difference (p) b,.t r sei,
0 LOU ’S -

‘P ablo 5. /u:au i iylactic r eac t ion  in 0uinoa p LOS immu.iii:cd wi th  d i f f e ren t  doses e±~
dry aerosol of tetanus toxoid with adjuvant

I I I I T C I , C u I  , , , , , . , r I .  x r . , ’ , N r P .

- .up,.r,l “ . 7, , ’

I r 
— — —~ 

_______ — — —

I I

I.. —7 Is 4~ 5 6 :  2 7 ± , P ’ , H 1 0 - ’ . ”  1! 2 3 ( ( . 7  3 .fl , 7 ± I I , 9 I 2 , t M ’ a’ .)
210—23 7 I 3 , 3 1  , .S7, 3 ’ 3 ~~, i, 57, I O.o7 3 4 5 Ii I 0- ’ ’, p ‘ S i l o , . ’

c”c r n ’ ;  c cTb r’~ ’°c~ >~) ‘~ ~~O l i 2 
‘ 

, 
‘ ,Q ,or,

r~, 2’ l ’ ,’,cly r pvr r .  , 
_

F1HMII I I I

Key: (1) Group ; (2) Aspiration dose (in sO); ( )  Intensity and a’v-t’i ty of

reaction f ’ , t i o w hr  immunization; (149 first; (5) second ; (6) number of animals;

(7) index of intensity if shock (in c’±:::); (5) frequency of severe and lethal

:h~ ek (in ‘+t’i); (c) Reliabi lity of difference (m’) between groups .
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inoculation (57.1’:’ ‘ Lainst 6 .2; ’) .  In the case of aspiration of

large doses of dry tetanus toxoid with adjuvant the death of ani-

rnals was observed in 3— days fol ’ - ‘.- .‘in~ i ’!m.wii .:ation (~4 i~ s out

of the 23 vaccinated died fm -: . serohemorrha (ic pneumonia)

In comparing the degree of sensitizi~ e foct .0f dry and liquid
aerosols with different FDC it can be noted that the intensity of

the anaphylactie shuck and the percentage of animals in which a

seve re and lethal shock was observed w3re virtually unique during

th e  immunization with dry aerosol in doses of 1—7 SU and the ii’;uii

con t ain in~o less than 50% of particles up to 2 p_rn in size . With the

reo’cated increasing of the dose of c:ry aerosol the degree of the

ar’iaphylactic reaction was raised to the level noted during the in-

rsurii:atiori with liquid aerosol containing more than 50% of particles

up to 2 p_rn in size . At the same time the intensity of the anaphy-

lactic reaction in all the guinea pigs which were vaccinated ‘by

means of an aerosol was lower than in the case of the generally

accepted subcutaneous method of immunization with sorbed tetanus

toxoid . In the last case the index of intensity of shock during

challenge ‘,‘:ith the same dose of tetanus toxoid was equal to

s2 .D-9 0 .5% (Yegorova , 1968 ; Yegorova et al., 1969).
The investigations carried out make it possible to approach

the solution of the problem of the rational composition of aerosol

vaccinas which would ensure a high degree of effectiveness with a

minimal  sensitizing effect .

CONCLUSIONS

1. The nature of the degree of dispersion of a vaccine aero-

sol of t etanus to . .~~ id with adjuvant plays a leading role in the

development of sensitization and the death of guinea pigs following

single and double immunization.
2. The harmful aftereffects of vaccination are connected with

the damaging action of an aerosol which contains more than 50/ of

part icles up to 2 tm in siz e .
3. A rational selection of the FDC of a vaccin- aerosol en-

sures a high level of antitoxin in the blood of r’uiiiea pigS
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(±0-100 I~J/m~~) without their death in the process of i’e . ’ ,L -aY.e ;i
and an insigi~if ican t  degree of sensitization of t h”  ~~i 1  ‘ d i a t e  t,,’oe .

- leLiUd c~ a - -

E ro ~, os s 11. ~ *~ ‘ca.;. 1 a’-T - ‘ie. , .\” ,1 , c 10. ‘ E r o .
~ 0 p a  H. B. ~t ~~ I~ M Iie , lulc9 , N~~9, C . 12) — D r u e t ;  II .-\ . ‘ ,‘~~ J fl. ,r (

~~ ‘~~ i,j )

Ibid., ~~~~~~~~~~ 
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