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The conparative evalucticn of subcutancous, cutancousl transdermal),
and Intradersnl mcthods of aduinistering live viccine in relation to
! ‘tloloptcal features of various veccine strains s of (reat intercst
fr::a the standpolint of Improving vaccinotlop methods and studyling
scveral prollems of fmmunity connected with tularemia, The first two
cthous are widely used In the specific prophylaxis. of tularenlsa,
Tiww §ntriedersanl cthod is not used In practice, This veccin:tion
methnd wng cvaluated In the works of Nikolwreva (1940), lurgasov (1532),
rnd Savostin und co=authors (1:'56), iilkolaeva indlcated that tetrnus
anatoxin glven sutbdurally or intracutincously his greater effectivencss
than with 8 subcutoneous injection, The higher Lanunity-producing
aroperty of the preparation found In the flrst two ncthods of admin-
{atration is explained by the author on the basis of 1, V. iavliov's
‘..rory: he considers that the significant feature In {m.unity forma-
P.on 13 tue snount of nerve endings at the site of veccine injection;
ti.ere 1re more of these In the cu* .icous thann' the surcutoncous tissue,
{ T this lasls, furgosov applled lnirncutancous Imnunization with killed
tulnrenfe viccine and olserved ia this an Imbunity more sirongly cex-
prexsed than [n subcutancous inoculation, In experiaents on culinea
»h¢s Inoculated with live plague vaccline, Savostin and co-puthors
dewnatpeated that the irtracutancous vaccination method was more ¢f-
rective In conperison with tiie subcutaneous aethod; In this rcgard a
lesscer=cxpressed reaction was obtserved in the Inoculcted animals fcitea
s | .- frum the Pook by E. 1., Korolkova),

) In expcerinents on the conporative study of the Nree mrthods of
© vy ccliztion aceinst experimental ly-induced tul:iresin conducted on
wiite dce and gulnea plgs, we used a twoe-dcy culture of live vaccine
Leewa in ¢gy yolk agar and washed in sallne colution,. The v.ccine
wirs propared from subcultures isolated from dry, stunderd cultures of
: vaccl-e strains No, 15(Gaiskll), No. 10(Fatbich and Tewmerina), lo. 33
© (Tulilch and Saltykov), and No, 53(Saltykov). In several experiuacnts
the v.ccine used was a mixture of the above=nentioned 4 straina, oand
r1sc strains No, 15 and 53, with a ten-fold pascage through guinea
2ius} this wis designsted as. strains No, 15/10 and $3/10, Gulnea pigs
wefx vaccinated once, subcutaneously, intradermally, or cutaneously
; (transderaslly); white mice were Inoculated subcutaneously or trans-

o L

..r wlly, Doses of 10,000 to 10 million tacteriam wcre used for
ulcutnneous or intradermal vacclnation} and 2 billion per ml, for
cutancous vaccination,
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Thirty days after vaccinati{ n the animals were inoculated
sulcutaneously, by Inheiation(aerinily]), or through the conjunctiva,
Sulcutaneous ifnoculation was glven In a dose of 1,000 to 10 million
Dim, and was recorded so that the significance of the vaccination
method would be clear from tiwe degree of fmmunity tension, serloi
{nfection was accomplished with aerosol spraylng of a 1 m}, suspension
of 250 million or 1 hillion virulent tularcaia bacteria; exposurc
time waa 10 sec, and 30 sec, In the transconjunctival inoculation,
one drop of &8 1 nml, suspensfon of 500 miilion tacteria waa inserted
Into the conjunctival sac, Doses used [Yegln p.lil4] for aerosol end
tonjunctival lnoculation ccuscd the de~th of all vaccinated animals,

White nice, vocclnuted sulcutaneously (10,C00 and 1€0,0CC lacteria)
or by scarification with vaccines scparctely prepared from L stralins:
or from a mixture of the l streins, were {dentically reslistant to
infection from a 10 million Dim. dosc of wvirulent culture (Table 1),
In experiments on white mice ineculated subcutaneously with vaccine
strain No, 15 or by scarification, & differcnce was also established
in the effectiveness of these two mcthods through aerosol i{noculation
of -the animals (Tahle 2), ‘

Table 1, Effcctiveness of vaccires in relation to the method used
(experiments on vhite mice Inoculated subcutianeously with 10 million
J%ti. of tularenin pnthogen after voccination)

Survival of mice vacclinated Sy various
i ."n(?thf)da .
Vaccine strain No, — : :
suhcutaneously transdermal
(10,000 Lacteria) '
15 , _ 23/15 (927) 15/15 (100%)
10 - _ 21/21 (1C0%) 14/15 (93.3%)
. 33 ' 21/33 (91.37%) 21/25 (96%)
R 53 1 21/22 (95.4%) 20/22 (90,9%)
xture of the four strains., . . | 17/17 (100%) 17/17 1100%)
ntrole~non-vaccinated animals 1/5 _
o e/5 Dims=1 tacterium
0/5 ,
0/5

".Legendt (in all tnbles) numerator = numbter of surviving enimais;
' denominator = numLer of {nfected animals,
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" Table 2, Effectiveness of vaccinations in relation to vaccination

Eg method {n experiments on white mice Inoculated aerin)ly (duration 30 sec.
g Vaccline | Method of Vaccine dote Number surviving of -
'¥ straln vaccination the total numker

iy NO. : fnoculated

U U subcutaneously 100,000 12/20

.- -15 cutaneously surpsision, with cone

o L : ) centration of 2 bLillien

L per mi, 12/12

otet Upon incculution of nen~vaccinated white mice, scrislly, for
. 10 and 30 seconds, with 100 million Locterls, all animals in the contral
: group died.

Thus, the white mice vaccinated subcutaneousliy or by scariflication
were identically resistunt to subcutareous as we!l as aerial infection,
No difference of any kind was estctllished In the effectiveness of

subcutaneous and cutaneous vecclnation in coaparative experiments on
vhite mice,

Experiments on the conrnrative stidy of the effcctiveness of
_~ybkcutoncous, cutaneous, and Intraderms}] applicetion of Iy strain-voccine
nd thalr mixture vere set up In several variations, using gulnea pilgs,

In onz of these experincnts, ¢uinea pigs were vecclnated by two
nethodss sotcutanszously witn 10 million bacterla, or through acarified
_skin with & standerd veccine dose, Control inoculation was subcutaneous,

with a virulent culture of doses froa 1,000 to S00 million Dim, In
these experiaents we were not successful in establishing an essential
difference in vacclines, 1ltshould be mentioned that the most effective
veccine In these experiments wac the stand.rd No, 15 strain and the
vaccine fron the mixed strains, cspeclelly when applied cuteneously,

In the followlng expcri-ints we detcrilned the comparative
effectivegess of the three vacclnation methods, For this gulnea pigs
werc lmaunized subcutuancounly vith strain No, 15 vaccline and intrunder-
mally with three doscs of vaccine (10,000, 1 millf~n, and 10 milllon
lacleria), and cutaneously with onc standard dose, Thirty hours after
vaccination, the cuinea plgs were Inoculated with a 2C0 Dla, dose of

wvisulint caltire, In theae srxzeminznie (T:ikle L}, =0 Larslc Sl rence

- re -

fr. vte Te$.1v% wetr Sheirved with the ~ethods tested, {fegin p, L2)

In foritler eroitIinenis T o wiseiniie2 guilzes sIgs, thes were
{roculated with a 1 mi, suspension contalining 500 milljion Lacteria
applied to the'conjunctiva, The stated dose of tularcmia culture
caused the death of &!l none-vaccinated¢ guinea pigs. In these experi=-

7 ilents the animels were lanunized with vaccline from strains No, 15, &3,
pnd 53/10 (ten=fold pass=ye through gulnea plgs 1n order tn Increase
e=e l=runc,cnic propertles), The viccline wrs aérinistered sulcutznecusl
z-72 j-tra.cer-eily, at 10 ~filicn t-cterlia, and cutzneously eppllied. !n
*

tlordord sogzenelion,
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Table 3, Effectivenoses of vaccimtions in relation to vasoination method and
vacoine strain in experiments on ;uinea pigs inoculated subcutaneously with

variocus doeos of virulent oul twre >
~
. Survival of vaccinatad aninals after inoculation with varicus doges
Sumber of (4n DIm) by varicup metirods
vaccine ]
§trnin subcutuneougly, 10 millien outaneously
1,300 1 wlllion} 10 500 i 1,000 1 10 500
. . aiali.on)rx.zillion ! millior [mlilion | million
15 1020 | /s 2/3 2/3 920 | L/S 1/2 2/3
10 = 7/10 /5 2/3 1/3 7/10 u/s 0/3 243
33 6/10 | - 3/5 /3 | 1/3 7/10 | 3/5 2/3 1/3
53 610 | /5 1/3 1/3 8/10 | WS 2/) 2/3
fdxturo of .
I ostringe o o | 20/20.] L/5 2/3 /2 000 | 5/5 /3 2/3
Conlrol =
notvaccinated
aninnlee o o o 1 { 0/3
10 0/3
10? 4 0/8 Dlm == 1 bscterium
midllion 0/%

Table Le ULifecctivonenn of vaccinations with subcutanoous inoculatim, 200 Mim,,
in relation to vaceination nethodo uwced in axporiments on guinea pigs.

Numbor of hetaed of ] Survival uftar vaocination with various doses
vueeline strnip vaceination 10,009 1 miilion 10 millien
15 gulcuticous /L u/L /)
15 : Intradernal /4 L/Y /L
15 Teutarnitous e L/L i
Control=-non=vaccinated aniinals,. 1 2/3
. 5 0/3 Mm == 1 vagterium
1 o/3
100 0/3
1004 0/3

ProT T T T T TMVEE T A - 0
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wlth conjunctivel Inoculation of .vncclnated animals no essential

difference appeared in the effectiveness of vaccination by cutaneous,

intradermal, or subcutaneous methods with strain No, 15 vaccine,
an experiment with veccine from the standard strain No, 53 and from

In

the straln passaged throuah guinen pigs, it recame evident that the
varying effectiveness was dependent on the lmmunogenici{ty of the
cultures, and not on the method of vaccinution (Toble 9),

In the aerial Inoculation of vacclinated gulnes plys, we used a
1 ml, suspension of virulent tularenmia culture contalning 250 million.
bacterla; unimonls were exposcd to the iInfected ale for 30 seconds,
Guinea plgs were vaccinated subcutuneously, introdermally, and
cutancoucly, with veccine froa struins No, 15, 15/10, 53 and 53/10.
In these cxperiments (Table (), as i{n the preceding, nc substantial
diffcrence wos olblscrved letween vaccinction methode,

Cur attenti{on was drawn by the fact that In multiple passage of
vaccine strains No, 15 oand 53 (Tastles 5 and G) through guines pigs,

thelr Imnunogenic properties were Incrcacsed,

Qur data on this problenm

coincided with the results of the vork of Emel'yanova (1957), which
established the possibility of Increassing the linmunogenicity of straln
No, 15 Ly its passage through the lody of animals highly sensitive
_to tularemla and by sclection of the most Immunogenic cells.

The

;,passags of tularesia vaccine strains through gulnea pilgs tay te re-

carded as a method of rceatoring the frmunity of strains in which It
has decreazed while Leling prescrved, [tegln p.lib)

Table S.
infection throu

Resistance of guinea nigs vaccinated ry various mcthods to
gh the con junctiva,

Vaccine steain

Survival of animals voccinated by various methods
ofter fnoculation throuch the conjunctiva

No. Subcutanccous,! intradermal, | cutaneous,
10 ntilion [ 10 =fllion 2 hilllon
1S 7/8 8/8 £/8
53 7/8 7/ 6/8 |
53/10 8/8 6/8 | &8 !

One hundred percent of the control animals, ncnevaccinated, died

upon application to the eye of one dro,, of suspension contalining 1 ml,
of 500 milllon bacterie,

Tatle 6=

Resistance of gulnea nli
——tomerizli—infectiony - - -

ge® vaccinated

——

wea
v e

by

A4
fous methdds

{

Survival of anlin

als vaccin

after lnoculatlon

ated by virious mcthods

Vaccine strain | sulcutanecous, introdermal, cutaneous, control
- No. 10 millifon 10 million 2 bLillion nonevaccine
T YA 7 ate;)
3 9/13 10/13 10/13 /7
15/10 5/9 5/8 /5 -0/l
€3 1/8 3/8 /8 o/l
53/10 5/8 5/3 5/8 Lo/
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Of some interest are the experiiments on aerial infection of guinea

pigs veccinated by various methods (subcutaneously, Intradarmally, and
cutaneously) with vacclne from a mixture of the passaged strains, In.
these experiments, as {n the previous ones, we were not succesaful {n
finding an advantage for any one particular method of lwmunization
(Totle 7). Animal survival wus dependent on the {noculum doses vace
ci{natcd aninals {noculuted, regardlens of the veccination method,
nerially by mcans of exposure Lo an cerosol suspension of virulent
culture for 10 se¢cnonds survived at the rate of 90=1004, and with aer~

\\‘

osol spraying for 30 secones, in 70-5¢75 of the cases,
Tatle 7. Tenslon of ilawunity In viccinated guinca plgs upon aerial
—___lnoculation .
Length oI curvival of cuinca plgs vaccinated by various
Vaccine exposure | _nethoda _
straln (In sec.) inoculation by various doses Control--
_su'cutonecoun Intradermal cutaneous| {noculatio
1 10 ! | 10 | 2 biilion| Of non=
waltlion | .atllion | aillien millkn | per ) my, | V3cclinated
_ e animels.
{4ixture of
strains 10 9/10 | 10/10l9/10 | 10/10} 10/10 0/15
© 1e, 10/10, | .
and $3/10. . .| 30 7/10 ¢/10 | 7/10 8/10' 7/10 0/15

Finally, in order to clarify the sltuation with regard to tenslion
of lmmunity relating to vhc method of applying veccine to guinen pigs
veccinated sulcutancously with 1 ml, of 100,000, 1 wmiliion, or 10
willion racterin, end cutaneously with a standard dose, a subcutaneous
Injecction was acministered !}-6 aonths after vaccination, The vaccine
used consistecd of &2 mixture of the four stralns, Gulnea pigs were o
{fnoculated uith a virulent culture in mass doses of S00-1000 million
Dim, In these experinents, the animals that were vaccinated subcu=
taneously (10 millien hacleria) and cutaneously, upon subcutaneous

- {noculation with 10,C00 Dla, of virulcnt culture 4 months after vace
cination, apnearcd to ke highly recistant and survived {n 100% of the
cusew, reg rdleas of the methad of vaccination(Table 8), With an
increase in dosage to 100,000 Dlam, und higher, or, in cases wherc they
wverc vaccinated subcutaneously, with doses of less than 10 million,
the numbler of vaccinated anfinmals that survived wos decreased, Inoc-
ulations after 6 months indicated that the degree of fmnunity tension
was substantlially reduced in guinea plgs that were vaccinated either
sutcutaneously or cutaneously, Thus, the gulnea nlgs vaccinated with
10 million lacteria or cutarzously with a standard dose, tolerated onl:
500 Dlin, in 100X of the cases, while after inoculation with 1,000 and
10,000 Dim, they survived in 75-807 of the cases, It thould ke men=
tioned that [Begin p.L,7) gulnea plgs vaccinated subcutancously with
-doses of 100,000 and 1| m§llion bactecria appeared to be of low reslste

ance to Infection after L-6 months,
.
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Thus, comparotive study of the subcuteneous (dose of 10 million)
and cutaneous mcthods of vacclination §in experliments on guinea pigs
inoculated 4~6 months »fter vaccination hos shown that during L months
the aniaals retalned resistance to infection from 10,000 Dlia, of ’
virulent culture, after vhich tlme fmaunity tension was substuntially
rvduced, reoardless of the vacclnation mcthod, but wes made aj;orent
with fnoculatiorn of 50 Dlm,

Concluslons

l, Ina coiperative study of the effectivencss of subcutaneous,
cutancous {trenadermal) nethoeds of applising live tulercmla vaccine in
experlsients on white nice vnd quinen plgs 1t was established that
30 deys e¢fter {anunigzation of the annlnmnls, regardless of the method
of voccination, lmuunity waa agpaerent wwith the subcutaneodus and cone=
Junctival Inoculstion, and clco with werial fnoculaticn, -

~~

2. Regardless of the method of vaccinotion with llive vaccine
from a mixturce of stralna, gulnci ples developed fumunity which, L
wonths after fncculation of the vaccinated aninmnle, orevented In-
fection fron a dose of 1,00 Dlm,3 «7ter O months the degree of
i1wmnity to @oscs of 1,0CC R1n, or morce of virulent culture oas
subctontially reduced (79 perceant survivel of animanls),

3, The deeree of lnwaity tension In viccinuted yialnea plgs
wae dependent on the quallity ov the viccine straln used in preparing
the vacclne and on the doniace uced, and not primurily cn the method
of vacclinatlion, .

4. The cutaneous methed cf veccinaotion 1s no less effective
then other ncthods in all conditians of fnoculation and ls, moreover,
sianler in co murlson with tle <utcutaneous method,
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