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Block Italic TransliteratIon Block Italic Transliteration

A a  A a  A , a P p p p R, r

B ~ 5 6 B, b C c C c S, s
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*~~~~ Init ially, after vowels , and after ~~, ~; 
e elsewhere .

When written as ë in Russian , transliterate as ye or ë.
The use of diacr itical marks is preferred , but suc h marks
may be omitted when expediency dictates.

GREEK ALPHABET
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Theta 0 0 $ Upsilon T u
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RUSSIAN AND ENGLISH TRIGONOMETRIC FUNCTIONS
Russ ian English

sin sin

cos cos
tg tan

ctg cot

sec see

cos ec c sc

sh sinh

ch cash

th tanh

cth coth

sch sech

csch csch

arc sIn sIn~~
arc co s cos~~
arc t~ tari~~

—1arc ct g co t
arc sec sec
arc cosec csc~~
arc sh sInh~~
arc ch cos h~~
arc th tanh~~
arc cth coth~~
arc sc h sech~~
arc cs ch csc h~~

rot curl
lg log

GRAPHICS DISCLAIMER
All figures, graphics, tables , equations , etc.
merged Into this translation were extracted
from the best quality copy available.
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In the total system of’ anti—enidemic measures conducted with

the nurpose of’ nreventinr~ infectious diseases, a sir~ni!icant r~lace

belongs to preventive Inoculations . Here, the results o~’ thocula—

tions are determined to a gni”.icant der~ree not only b~’ the e
q’-.

fectiveness of the vaccine prenaratlons, but also by the nroduc—

tiveness of the immunization methods beinp used ,

The subcutaneous (syrInc~e) and skin (scarI fication) imriunl—

zation methods ac~ainst n1a~ues which exist at the oresent time and

are officially accepted for practical use are unnroductlve, they

re7uire a large number of qualIfied medical personnel ~or their

conduct~~~, and the:r do not ensure vaccination of large contin—

gents o~ neople in a short neriod ,

The searches for methods o” mass Immunization he~’an relat~vel~’

long ago, although their wide study and introduction into practice

was only recently realized.

Th~ subcutaneous (s~,ringe) method, althou~h it is a-leo charac-

terized by low productiveness , has been a popular immunization me—

thod un until now. Subcutaneous inoculation s were only permitted
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to he done by a doctor, and in unusual circumstances — by an ex—

nerlenced doctor’s assistant under the doctor ’s observation. A

soecially prepared place is necessary f’or conducting a subcutane-

ous vaccination. Inoculations are given with strict observance of

the aseptic standards.

The data In the literature (table 1) confirm that the produc—
-Tht

tiveness of~subcutaneous (syringe ) method with the work of a ~~~
of 3—14 men fluctuates from 30 to 50 men per hour. These results

are also corroborated by our observatIons (1970) — with subcuta-

neous immunization of neople with typhoid vaccine with sextana—

toxlne, a team of 14 men vaccinated 140—50 ~~~ oer hour. Higher re—

cults , obtained by 7Terkholomov et al (1958), were explained first

o~ all by the fact that they dId not consIder the initial time ex-

pended f’or the preparatory measures and, moreover, they had a

larrte number of syrin~es and needles at their disposal, and there—

f’ore the costs for sterilizing the -te~~~ng were minimum.

The skin method “ras even more labor—consumIng as conoared with

the subcutaneous (method). The skin, as well as the subcutaneous ,

Immunization can be conducted only In a specially prepared niace

with strict observance of aseptic standards; for ~‘iving skin inocu—

lations exnerlenced and trained vaccinators are required .

Accordin! to the data from the literature, the productiveness

of the skin method is still less than the subcutaneous and f’luctu—

ates f’rom 10 to 140 men ocr hour. The time expended for immunizin~

one person fluctuated from 2 to 8 mInutes. T)urlnr’ a work day a

team can Inoculate from 75 to 250 peonle. The authors oond-uct a

calculation o” the productiveness of’ one inoculation team wIthout

2
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a more exact de~’thitIon of’ Its numerical make—up (table 2),

In 1960 durIn~ the outbreak o” natural smallpox In Moscow,

6,11614,865 people were vaccinated in 5 days. This work drew more

than 267,000 medical workers and created 11,913 inoculating teams.

On the averac~e, each team Inoculated about 550 peonle for the 5

days, i.e. 110 men per day (Lebedinskiy, 1971).

The needleless (jet) method , retalninr’ the basic advantages

of’ the subcutaneous method (strictly controlled Individual injec-

tion of the preparation wIth accurate dosIn~), Is dIstinguished

from It by its high productiveness (table 3). The wide practice of

mass immunization by the needleless method shows that depending on

the type (model) of the Injector used and on the specif’Ic condi-

tions Its nroductlveness fluctuates from 1000 to 1500 people per

hour. The greatest productiveness was recorded with the use of’ In—

•~ectors with an electric drive (Malti—Jet) and pneumatic in~ec—

tors.

The aerosol method is highly productive. Aleksandrov et al

(1961) show that they inoculated 800 peonle per hour with the si-

multaneous work In two rooms each with a volume of 100 m3. P~ccor—

dIn~ to the generalized data of Lebedinskiy (1971), the maximum

area used for vaccinatIon by the aerogenic method was 50 m2. In

this room a maximum of 200 people can be inoculated sImultaneously

(Labezov, 1967). An immunization session with dry duet vaccines,

includIn~ preparation of’ the vaccine, Its 1oadin~ In the bin of’ the

instrument, entry and exit of tnose vaccinated , took 25—30 minutes.

Conseouently , 1100 people can he vaccinated in an hour. A calcula—

tton Is conducted ~~ ~ sessions per hour for each aerosol vaccine

-... _ ~- -~~~~~~~.- ~-—-.-.--~~.-—- . - - -. -~~~~.. .—
~~~~_ -—-~~~~~ . _ -
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(table 14) -

~n con
junction with the curtailment of’ the Immun i zation

session to ~ minutes , which permits vaccination of’ 
f~00 peonle In

thIs time (Lebedinskiv , 1971).

~‘rom the point ~~~~~ view o’ productiveness the peroral method

has been Insuff’icientl~r studIed , and we have failed to f’Ind any

11terar~r data on th~s subject.

The purpose O 4’
~~~~ ie ~, ~~n~~wor 1~ was the study of the oroduc—

tiveness of methods o~’ mass Immunizat ’on (aerogenic , needleless,

peroral) In comparison wIth the class1 c fmethodsj (subcutaneous ,

skIn), The study ~as conducted on a ~~mnle of’ lIve plague vaccfne‘1eV 
-

~~ ; 
however, the acquIred data, In our opinIon, can he ~~r~~~~to

other vaccIne noenarations, also. The Investigations were accom—

‘~14.ahed wf th mass systematic Immunization o~’ organized collectIves

of adults.

~or a comnaricon of’ the productIveness of’ various methods 01

vaccinatIon a single metho~~ef Its calculatIon was worked ou~ ,

The Cinal evaluatton was done according to the ~ommula:
x

where K — coeffIcient of’ productiveness; x — numbe’~ ~~~~~ neople In-

oculated; t — total time — the time necessary ~or preparing the

room, equipment, to-o-lIn.,~~ and dilution o~’ the vaccine; the Inter—
.‘\

vals connected ~zith the ventilatIon of the room, entry and exI~~~~
the room ~&f neon1?~iérsol method), changin~ the vIals of’ vaccine

(needle~ess method), periodIc treatment of’ the vaccinators ’ hands,

and, ?inally , the time f’or conducting the vaccination itself’; this

did not Include the time connected with organizational cuestions

1’or ensuring the tinel” arMval of’ peonle 4e Inoculation ; m — is 

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ ._ _.. . .- _.
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the make—up of the vaccinatIn~ team (with tests of’ all methods the

team consisted of 3 peop le) .

The vaccination by all methods was conducted In individual
r~ Q~ ~~~

sessions. Continuous vaccination time w — -I-sed--~~r the session

w~th peroral, needleless, syringe , and skin immunization methods,

Their durati’~n was basically determIned by the number o~’ simulta-

neous arrivals of people for inoculati on.

The data which characterize the productiveness ~~~~~ the van —

ous Immunization methods o.err~bm’ab-ed (see Váble 14) -t1~e f’~~t that

a great effect on the productiveness value was rendered by the

initial time expended for prenaration for the vaccination. There—

11 ImmunIzat ion sessions for each method were divided Into

~-id subsequent (repeated). The Initial sessions (I) inclu—

.~~u t~ e additional time necessary f’or prenaring the room and eculn—
,ns 4

~~~~~~ 1
ment, 4’or sterilization o~’ the ~~~~~~~ and dilution o~’ the vac-

cIne. Tn the subsequent sessions ( I I )  oni” the time necessar” for

.e4-~p4”g the instruments , dilutIng the vaccine, and a~,g.o the In-

tervals for entry and exity f’rom the room of’ those vaccinated ‘~ss

reflected. The skin and subcutaneous methods in the subsequent ses-

si ons also Included the time expended for sterilization of’ needles,

~~1 ~~~~syringes, and vaccination ~~in~~ In the vaccInation pe”Iod itself.

The coefficient of productiveness of’ the subcutaneous method

of i~ tunization K fluctuated from 0,17 to 0.27 and averaged 0.211.

The throughput~of ~he 3—man ~~ew was 31—50 people per hour. ~~e
thIrd part of the entire time with the Initial sessions of’ Immuni-

zation was spent for preparing the room and eouloment , and also f’or

sterilization o~ the syr inges and need 1~ s. In the subsequent ses— 

_— ,-- .-_. .- -. ..- —
~~
--—- 
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sIons~ time ~~~~~~~~~~~~~ the room ~qa s i~e4- exnende4 which led to

a substantial Increase in productiveness (119_SO people ner hour

with K — 0.27). TIme f’or direct injection o~’ the vaccine f’luctu—

ated from 15 to 22 seconds f’or each person Inoculated , representing

an average of’ 18 seconds. ‘sore time was spent for dividing the vi—

als, feeding the vaccine Into the ~e~~1o, and orepaning it for In—

~ect±on (147—62 s.). On the average, 1 mInute was spent for conduc—

tin~ one injection.

The productIveness of the skin method was 19—3 14 people per

hour (avera~ e — 28) ~7ith K ~ o,16 . About 1.2— 1.5 minutes was spent

for each person vaccinated without  consideration ~~~~~ additional

time . Inoculations by the skin method were done on small groun s o f’

people , In d i f ferent  places. Each time , addit ional  t im e  was spent

for nrenarlrz g the room and ec~uinment f’or vaccination. Therefore,

~l1 sessions of’ immunization were consIdered as In i t i a l  (see tbl,

I i ) ,  The number of’ Injection ~~~~~~ was limited. All ~~~~~ this ad-

versely af’fected the productiveness ~~~~~ the method .

The indicators ~~~~~ productiveness of’ the subcutaneous (syrinre)

and skin methods whIch we obtained coIncided with the average in—

~Icators given by the other authors (table 5).

With mass subcutaneous immunization with the aid of the BIP—)’

the coefficient of’ productiveness K fluctuated from 2.0 to ~4.2 and

averaged 2.9 (see tables 14 and 5). We succeeded in vaccinating f’rom

358 to 891 people per hour, which is an average of 517 peonle. The
of the injector

low~r productIveness~whIch we obtained in comparison with the data

of’ the literature was explained , first of all, by the fact that

with both the calculation of’ the coef’f’l.cient of nroductiveness K

6 
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and with the calculation o f’ the throughpu~~ of the crew per hour ~~~~~

~.tOrk we considered the total time spent not only on vaccinatIon ,

but also on preparatIon of the room, sterilIzat ion o” tooli,~~~ etc.
Cc

So , during the in i t ia l  sessions the thr oughni~it~ w~ s 35 8— 395 people

per hour with K = 2.0, and In the subsequent sessIons the oroduc—

tf veness Increased by almost 2 tImes and was ‘1214—891 peorle per

hour wIth K = 3.ZI_2l.2. f l 4’ course , with ensurance of’ a lar~e con—

tinuou~ flow o~ peonle the time spent f’or preoarator~’ operations

will not render such a ne~”atIve in f’luence on the nroductiveness of’

C
the method. If’ we ~~~~~~ on1~’ the time which is directly necessary

for needleless vaccination, then the throughput~ of the crew in our

investi~ations reached 1320 people ner hour. These data come close

to the results ob tained by ~orob’yev et al (l9’~7), Agafonov et al

~~~~ f~( 1070), and also n~~~ -.. the indicators r ’Iven in the instructIons for

the B IP— b Instrument (1500 people per hour) .

Besides the ~1ven data , Several structural  de f’icIencies ~~~~~ the

BIP — 14 inj ec tor  also affected the decrease In productiveness of the

method.

With the aerosol method o f’ Immunization we used a room with an

area of 143—148 m2. The productIveness of aerosol ImmunizatIon with
dry (dust) vacc ine f’luctuated, according to the value of’ coef’fi—

c&
d ent K, from 1.5 to 3.11 çavef’a~e K = 2.3), and the throughnu~~wa’~s

285—625 people per hour (average 1419). The acouired data coincided

with the results published earlier (see tables ~I and 5). The oro—

ductlveness o# immunizations with liqui4aerogenic vaccine turned

out to be higher: ~~~~8~fl1~ U~~value K it fluctuated f’rom 2.9 to

5.7 (average K = 11.~~) and~~~ throu~hnu~~— ’from 516 (1st sess ion)
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to 1021 neonle per hour (°th session), renresenting an average c~
817 oeoole per hour,

The fluctustlons r~ nroductlveness of’ the aerosol method ar~
also ex’~1~ined h~’ the exnendIt~ ro 0 ” nddIt~onal time f’or nrenarlnr

the ~onm and e~ui~ment ~Ith th~ InI t~~ 1 cc~ n~ tIon sessions . t c—

cordjnc~ to the data o~’ the authors , the nroductlveness o f’ I~mun I—

zation ‘~~th dry aerosol vaccine c~~’~ he Increased due to the shor—

~enIng o” ~~retIt~~~ f’rori 15 to 5~ 10 r’nutes. “oreover, it Is

1~no~ r. that the nroductlveness o f’ the ~,erosol method can he sub—

stantiallv increased ~‘Ith the us~ o~’ l~ rc-o rooms and several

sorayIn ,~ instruments.

T~Ir1al1v , ImmunIzatIon wIth the aid o~’ tab2e~s was the most

productIve (see table 11). The coe f’~’icIent o~’ produc’iveness K f’luc—

tuated ~‘IthIn the limIts of’ 14~~~ 5~ 8 (~ vera~e K = 5.2). The through—

out~o~’ the inoculatIng team of’ 3 men “r~ s R11fl~ 1230 people per hour
‘-~~~~~~ (ons,S 4-1

(ave”~re ~r~7), The vaccination technology was simple and~~~ c1~~~ d

the dIstributions o~ tablets and observations of’ their correct

intake. The vaccination can be acco”~nlIshed under any conditIons ,

and oualif’Ied medical nersonnel are not reouired for its conduct.

4~~~. ImmunIzation ~‘as conducted ~~~h sessIons on 205—210 oeonle.

‘~‘or f’orming the peonle 5 minutes  we:’e snent , for exolaInIn ~ the

rules taking the tablets — 2 minut~ s, and on the distributIon

o” the tablets — 3 minutes. Thus , nrer.aratory measures took 10 r’in.

The duration of the vaccination nrocess Itself’, determIned by the

tablet resolution tine , was 5 minutes. The total tIme expended f’or

one session was 15 m m ,  This was the f’Irst test for determintng

the productiveness o f’,~neroral method of vaccinat ion , and , o f’ course ,

B
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It st ill does notLsatIsfactorIlYf~ullY charactenize Ij.
Thus, with the comparative evaluation of the various methods

of’ vaccination o” neople it was that~ the classic sub —
--

cutaneous and skIn methodsfr~~~~ordin~ ~o their oroductIven
~!~) 

were

many tImes inf’erior to the peroral, aerosol, and needleless methods

of’ Inoculation, which can be r igh t fu l ly  included in the category

of me thods of’ mass immunIzatIon of’ peonle.

CON CLITS IONS

1. The peroral, aerosol, and needleless methods which were

tested with mass vaccination against plague showed much higher

(by 10—15 times) productiveness in comparison wIth the classic

subcutaneous and skin methods.

2. ConsiderIng the absence ~~~~~ any advantages (reactivity ,

immunogenicitv ) of the subcutaneous and skIn methods in comnari son

with mass methods of inoculations, we can recommend the ~~~~ (pe—

roral, aerosol, needleless) for Introduction into the anti—epide-

mic practice of the struggle arainst plague inf’ect ions.
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TftBLE 1. Productiveness of the subcutaneous syringe method

(according to b~e data.o t~~~ l1t~r~tu~~~ . Key : 1 — author, year;

2 — comnosition of the team; 3 — number of inoculations per hour;— Labezov; 5 — lYerkholomov et al; 6 — Lebedinski~~(accordIn~ to

the data the instructIons); 7 — men ; 8 — the authors conducted
simultaneous immunization wIth the nolyvaccine of’ the NIlSI rsci—

entlf’Ic Research and Testing SanitatIon InstItute] and with the

smallpox vactine.
(

~
.

AIT O~. ro* 
COCT SI 6PUII

GYJIa6e30B (1967) 3 ~~~oaexa 50—60
5 pXOJioN oa a

coaar. (1958) 5 iejloaeic 80— 100
ç~ e6enax~xa*

(1971) (no
naHH blM xH-
erpyxiuni) 30—SO

I~ 
A.r opu npo.omulR oAH olp rNeII Nym UN

wyuua a~ Rb fl OJII4IIKI~UHO l% HH H C I4 U

TABLE 2 . ProductIveness of the skIn (scarification) method of I.m—

munizatlon (accordIng to b~e data ~~ thc 1Iter~t.~~~~ Ke”: 1 — au-

thor, year; 2 — Korobkova; 3 — Nlkolayevskiy; LI — Lebedlnskly ; S —
and coauthors; 6 — time “or one inoculation (in minutes); 7 — num-

ber o” Inoculations per hour ; 8 — number o~’ InoculatIons in a da;

~
f work. 

- 

:i!:c~)

Asrop, ro~ a
N B : o u
( a  ~; ~&

Koiio6xou
~ (1956) . . . 5—8 10—12, Haaonae~cxaA

(1969) . . . 11o 250
Jh6uaxcxa~(1971) . . . 2 30 110
Geliand (1966) 75—200

redenlksen
I coaaT.
(1959) . . . 75—200
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TABLE 3. Productiveness o!,the needleless (Jet) method of Immuni—

zation (according to ~~~ data ~~~~~~~~~~~~~~~~~ Key : 1 — author;

2 — year, Instrument model; 3 — number of’ Inoculations per hour;

LI — Belyakov et al; 5 — “orob ’yev et al; 6 — Nikolavevskiy; 7 —
Agafonov et al; 8 — Instructions~~~~~the BIP — LI ;  9 — et al; 10 —
19614, first  test model of’ the Soviet injector; 11 — BIP—Il; 12 —
Ped— o— Jet;  13 — BIP—Il ; l~I — BIP_ Il — needleless pneumatic injector.

Aar op (i) ron, o6pa3e&& npH6opa (~i) :~~~~~
1:.

&.1RKOB ii coaar 1964 , nepabdl onblTIIblfl oopa3el4~) 600
OTC’IeCTBeHHO Mnbex io pa

b)Bopo6bea ii COaDT 51411-4 1, 196 II .
~~. 1200— 1500

11’~
) Hixo.iaeBcxnhl fle)1-O-Lbicel’, 1000

Ara4ioxoa a coaar 51411-4, 1970 ~3 1500
(~
) Hiicipyicwii K B}~I1.4 1500

Hingson a CoaBT~)) 1963 1000—1500
Benhert a coa~r~~> 

1971 1000—1500

~ Hfl .4 — Ce3~~ro~iLHI,a n Mwb ex~ op nHeBaarII4ecKHI1.6~ )

TABLE It . Characteristics of nroductiveness of various ImmunizatIon

methods . Key:  1 — Immunization method; 2 — seouence of sessIons ;
3 — number of sessions; Lj — number of Inoculations per sessIon;

5 — average time for one session (in minutes) ;  6 — preparatory
measures ; 7 — vaccinations; 8 — total workin~ time per session;
9 — number of inoculations per hour; 10 — productiveness; 11 — sub-
cutaneous (s yrIn~e); 12 — skin (scarification); 13 — needleless
(BIP—Il); 114 — dr” vaccine ; 15 — liquid vaccine; 16 — aerogenic;17 — neroral (tablets); 18 — initial; 19 — subsequent ; 20 — - e ~~ lv~’-~

11
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I (,~~) ~~~~ (~,j  ~~)Cw.. ~~~~~.. ..... *.... ., ____a _______ ‘i.m. .p.- 
~*..~ ~~~~~~~~~~ ~~~~~~~~~ ...ai. it ... ~~ ~ ~ - .~~ .‘.. - •. .i~~. ,~, _I II — . .l~~~ ~~~~~~~~~~ ~- —

____________________L ________ f.!. .‘•“
~~7 ~‘ ~~~~~~~ _____ 

,,
I~~~—~~~ (..pma.ui$) (i’i 1kp.. ~ai~~

1
~~~~ $ 100—220 60—100 136—210 96—300 31—43 0. 17-0.34

nocaMYL
~~.:k 

2 *00 —200 40 100—200 220-040 ~~~~~

Bc.r ( iZ’~ 5 900 256 43 0.14

( j  fls$uu~mis(’~$i) B 32— 196 56- 90 48-260 *00-340 *9—34 0,1 1. 0 1$

B c . r o  8 $13 1691 2$ 0.11

Ia~~ oI~~ i* (SHfl4) /,.~ n.p~~~~~ (‘19 696—694 52.6-16,5 91—69,4 I6—$8,5 366-496
(~~

)  J flocauyioiuu~~j  4 170—412 8.5- 10.0 10—29 15.8—SO 424—69* J 3.4—4.1

________________________________ 
B c. r o ( , ,~~~) ~ 

2401 27$ 5*7 1,2

~
7

~
h l s

.~,l.IUIa. (‘ç~ -~ ~~~~~~~~~ 2 140—204 14 ,8-47,0 IS 

— 

22,5—30 235—368 1.1—1.1
flociu3sauI.~~f) 3 *56—260 8.5—3,0 i& 21,5-24 437_12~ 2,3—3~4

Bc. ro  (a”.’) 8 9*2 29 419 2,3

~~~~ .waa ,~~~~ I nq.u~uu. (I~J T *12 *4.6 5 11.5 516 2.6
flx.uMy~~ ..(~ 8 55—223 7.0—l,S 5 12.0— 13.1 790.—1021 4 2—S i

______________________________ B c . r o C2c )  6 • 1112 $1.1 $17 4$

Ibpspsab S (ealiNu) (i ~) fleaas*y~~~ W~~ $ 105—h O 5.9-10,0 5 10—IS $40—IllS 4.0-4,5

B c . r s  ~2b.J $ 41 
~~ I “
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TABLE 5. Composite data on the oroductiveness of various Immun 4 za—

tion methods. Key : 1 — productiveness (in people per hour) with

various immunization methods; 2 — subcutaneous; 3 — skin ; LI — nee—

dieless; 5 — aerogenic; 6 — dry vaccine ; 7 — liquid vaccine; 8 —
peroral; 9 — cormosite l ersture data; 10 — in—house data; 11 —
average.

fl poM33oj ~NT eJIbHoCTb (1 ~cA/ qac) 11 pa 3Nax aeTanax IeI uy ufle3a IIBN

~~~~~~ Se3wc~~.nbI fl 

~~~~~~~~~~~~~~

cyxa . aa cuilH a 
~~~~~~~~

q jun ae Jn4TepaTypHL&e
30—60 15—40 1000 1500 400 600

oernnie *ainine 31—50 19—34 358—891 285—625 516— 1021 840—1230
1r ~Cpe~enie 43 28 517 419 817 937 

- - 
_ _ _ _ _
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