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Changes in various indines of the blood bactericidal reaction
were studied in persona immunized with typhoid and typhoid-
paratyphoid vacoines of known epidemiological efficacy.
No correlation was revealed between the efficacy of the

preparations and their capacity to Increase the phagooytio
activity of leukooytes to 0- and Vi-strairs of typhoid
baoilli, to sil'mulate the thermostable and thermolabile
baoterioidal activity of the blood, or to effeat the general
complementary aotlvity and properdin system Indices.
Following va"coination, elevation of blood phagooytio activity
and properdin content was observed in persons with relatively
low indices before immunization, while no corresponding
changes were detected in persons with relatively high initial

values.

D 1  4 7 =M; 3. UNCLASSIFIED
Icely ce"



IA.lgo LimN A L4N 1.1NK C

T y h iO 
tol 

e 
1 0 . 9 1 T R O L I E W T O L E W T

Typhoid-paratyphold vaoolne
bacterloidal activity
epidemiology
phagocytie activity
properdii

S-A



BACTERICIDAL ACTIVITY OF THE BLOOD OF PERSONS VACCINATED WI!H
VARIOUS TYPHCD AND TYPHOID-PARATYPHOID VACCINES

In recent years there has been growing interest in
studying the dynamics and mechanisms of the effect of
humoral and cellular protective factors, participating in
the process of ridding the organism of agents of Infection
(Adlar. 1953; Lane" and Pillemer. 1956; Mushel and Treffers,
1956; Soulier and nenache, 1958; Delaknay, 1958; Isliker,
1959; Bagzasarov et al, 1961; Khazanova, 1964; Suponitskaya.
196R, 1965; Martynova and Bissarionova. 1965. etc.).
Testing was undertaken to etaluate the Intensity of post-
vaooinal Immunity against typhoid fever. According to
the activity of one of the Indioes of bactericidal reaction
of blood to typhoid microbes (Melikova et al, 1953;
Melikova. 1963; Karolohek et al, 1961, 1962; Ladosz.
1964 etc.). We have shown in previous research (Levinsa
et &l. 1965) that vaccination against typhoid fever leads
to a brief Increase in the content of properdin and the
third (C'3) component of the complement, without causing
changes In the content of other components and the overall
oomplbentary activity. In vaccinated people there was an
increase In phagooytio activity of the lucooytes in
relation both to homologous (typhoid fever) and hetero-
logous microbes (staphylococcus).

The purpose of our work was comparative study of
the dynamics of various indices of bactericidal activity
in the blood of persons vaccinated with typhoid fever and
typhoid-paratyphoid B vaoolnes with various epidemiological
efficacy.



In the works heated, alcoholic, and chemical vaccines
were used, which were tested in the USSR in epidemiological
experiments in 1961 and 1962 (Kheysets et al, 1964, 1965),
and also vaccines K-VOZ and L-VOZ, which are undergoing
study in Guiana and lugoslavia (Yugoslav Typhoid Commission,
1964). Preparations were injected subcutaneously to
volunteers not previously vaccinated (16-50 years in age)
twice at 20-30 day intervals.

The phagocytosis reaction was carried out according
to the generally accepted method, using a suspension of
live 20-hour agar culture of S. typhl 4446 (Vi-strain) and
typhoid 0-diagnostic (receptor IX).

The bactericidal activity of the blood was determined
by two methods, the first, using an exogenous complement.
For this purpose, whole serum was heated at 560 for thirty
minutes, and 5-fold dilution of it was prepared (15-13125),
then about 0.5 ml of each dilution of the serum was pcured
into test tubes, 0.5 ml of the 20-hour broth of a culture
of Vi-strain of typhoid bacteria, diluted 1:100,000, and
0.5 ml of guinea pig serum at a dilution which did not show
a bactericidal effect. In control test tubes, in place of
serum or complement. 0.5 ml of physiologic solution at
pH 7.0 was added. The test tubes were vibrated and mixed
In a water bath at 370 for two hours, and then 0.1 ml of
the contents of each teat tube was Innooulated in two
plates with weakly alkaline agar. Analysis of the colonies
was carried out after 24 hours of incubation of the plates
at 370. Serum was considered to be active in which not more
than 50% of the colonies grew in comparison to the control.

Secondly, the bactericidal activity of .lood was
established using andogenous complement. For this method,
to 0.4 ml of native serum (fresh or kept at -?00) were
added 0.1 ml of a suspension (veronal buffer pH 7.2) of
20-hour agar culture of Vi-strain of typhoid baoteria,
cortaining 200 million microbial cells per ml. The mixture
was carefully vibrated and mixed in a water batn at 370
for two hours. 1hen the contents of the test tubes were
refrigerated at 00 in an 4-le bath (with the purpose of
curtailing the bactericidal reaction) in 5 serial a-fold
dilutions carried out; 0.1 ml of the mixture of each
dilution was seeded in a plate with weakly alkaline agar.
In a controlled test tube in place of serum, 0.4 ml of
verornal buffer was added. Analysis of colonies was
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carried out after incubation of the plates in a thermostat
at 370 for two days. The activity was expressed in the
form of a bactericidal index (Karolcek et al, 1961, 1962);

bI-log number of live microbes in control
number of live microbes in experiment

Properdin was determined with the help of a variation
of the zymozan method, proposed by Mashkov and Mikhaylova
(1962). The properdin content increased in per cent of an
activated guinea pig complement (RP), added in the presence
of zymozan to 0.1 ml of the test serum (fresh or stored at
-700). The complement and its components were determined
by complete hemolysis by titration with preserved reagents
according to the method of Mashkov et al (1963) . Moreover,
the complement content was established by titration of
native serum, using a 7% suspension of sensitized sheep
in physiologic solution.

The presence of so-called semiquantitative value
during the determination of properdin, complement and its
components re-ulred the use of the median as the average
value. The confidence intervals of the median were
determined according to the table of Ashmarin and Vorob'yev
(1962). Statistical analysis of research materials was
carried out at a level of significance of 0.05.

Research materials indicated that the dynamics of
various indices of bactericidal activity depended on the
initial value (Table 1). Tnus, in our observations the
data of Karolcek et al (1961) on the absence of an increase
of bactericidal activity upon vaccination of persons with
an initial bactericidal index equal to two or greater,
were confirmed. Moreover, it was established that in persons
with initial indices of phagocytosis exceeding 40%, as in
persons whose serum inactivated more than 20% RP before
vaccination, an increase in these indices after vaccination
was not revealed.

,n studying the -.nam1's of pnagocytic activity I.n
,)er3ons vaccinated -,e Increase in phagocytic activity
in va'ccinated persons) thie increase in phagocytlc aotivity
was determined in relation to 0- and Vt-stralns of typhoid

iProperdin and components of the complement were determined
in the microbiological laboratory of the Institute of
Fediatrics AMN SSSR in oollaboration with Z.M. Mikhaylova.
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microbes) with various intensities of phagocytosis,
vaccinated with preparations of various epidemiological
efficacy (for example, the more effective alcoholic and
less effective chemical vaccine of the Moscow Institute
of Vaccines and serum named for Mechnikov), were not
revealed (Table 2). A difference in the intensity of
phagocytosis was not found in persons vaccinated with
highly effective heated vaccine and typhoid-paratyphold
B divaccine of the Institute of Epidemiology and Microbiology
named for Gamalel - with a preparation which did not protect
people from typhoid fever in the epidemiological experiment
of 1962. Similar results wer, obtained by Ladosz (1964).
who studied the opsonization effect of serum from persons
immunized with vaccines tested in Poland in the immuno-
logical experiment of 1961.

Table 1

Dependence of Dynamics of Indices of Immunity in fersons
On Initial Value

tuilial Activity - r'ous r'o L
Index *CCU r oeore ter t a

Determined nnact - atert ntx er

2 an 2,67 , 9) Sh ,, 2 5, S ,

Fcpe il l lmaet ii c r'o "ii- m re 2,79 . " - .
JpTHa A f ) it)t (<e0-10, 3 2.: -3v 1 . -

flpone.pAa i - meivh "isa mlau, 2und ;4 - 10 t< :0- 11) , ' t- -4

rtt4A1pO1IkaHIoro RP i e AO- les .,6 0 jk)-4,) 30 25-4. -1) i3.1- 4i
GwlPill'elbilugli Nl~pil-P11l ior'el-,Xihan L'- 30 25-- 4 00,t,-4 ;

%) ii l , u. (0.9) 457 2,4 Su.1

0.iroLiN o3 - cneztAit ipX4" 40 79 2 4. 4.-ii

H A~eTii~ CXA4 N ft CTAiIsApr."and less 47 W.3k2.!j 48A i.3 , 4,' ,3. 4,
Has oWNU6Ka (a %) &,9,0th 1 -8 5., ; .9 3

F-Bactericidal activity - average index and its standard deviation
(in units)

G=Properdin - median in activated RP and its confidence interval (in%)
H-Phagocytosis - arithmetic mean and its standard deviation (in )

Note. Here and in Table 2 in brackets the first number
Is the standard deviation of the index, the second
is the confidence Interval.
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Table 2

Dynamlos of Phagooytio Aotivity of Human Blood

Activity at Activity at

Preparation - -
for Test Vaocine ' A

vaoolnationMiorobe  F G H x F G if

p od-typhoid Heated 13,21,5 26.4 64.6 2 19.3 28,6 67,7' (3.3j (4,9, j (3.i) (5.3) (5.,7)Monovaoolne lagn lcoholic 14 23 57,5 7 6 1 23 57.5 71.6
X re0VptntAr  12,41 (7,.) (3,5) (2,4) (7,2) (3,5)

'Cal of14  20.2 56,u 47 13 17,3 54,7 42.9
the inst. of (1.5) (7.9) (7.7) (2.3) 8,3) (7.1)
,Vaccines I;'ber nA foi

20-hour 19.47.2 52,5 46,4 8125,2 44,5 47,3

agar Ko. I 45.4 .4.9 (5.5) (2.9) (7,3) (7,7)
25 46 4S.2 4G.6 1 27.2 50,2 39,5cu.ture o (4, 1 (4 . 1) k4.4 i  (3.4) (9.4) (5.8)

44eated 1963 37 49,3 60.7 14 20,9 143.7 65,2
H a e 16, A (7.5) 1 (2,9 (6.4 (10.3)Typhoid 20-hour Hteated 1962 18I2- 1 402 4(,1 1720.9 40 :41.5

Paratyphold agar I (5.4) (5) (2.5) (5.8) (5.4,
culture of Alcoholic 27 1 .3 45,1 60,2 119 19,5 49 63.4divaceine S. tphi 47 (5.6) (5.9) i (27 5) (7.6)
444o Chemical o18 24 .3 45,2 49.6 14 14.9 45,4 55

the Inst. df ;  4 ,9  (tb,9) 7,2) I(2, . 82 7. 6
Vaccines &I
5era named ifo
Siechnikov 96,
-hemical of 3.1 3 56.9 20 1 4 43.2 5,6
the Inst. of t4,2: 5.1) (6,3j k3, 1) k6. b) (7.7)

tidemiol~o'crobiolo ta"d
.ifor Gamalel

F-Before vaccination
G-20 - 30 days after first vaccination
11t30 days after second vaccination

1T=rhmetie mean and Its standard deviation.

-5-



The effect of vaccination on baoteriolytio activity
of human serum was not successfully revealed (Table 3).
Attention was turned to the large number of sera not
possessing activity among the volunteers examined in
comparison with sera of persons Ill with typhoid fever,
oonfirmed by isolation of hemooulture. Thus, in the group
of healthy persons, baGL4rlolytlo activity was not
detected in 35 out of 99. and in the group of typhoid
fever patients - in one out of 21.

Table 3

Bacteriolytic .otl~ity of Sera from Persons
Vaccinatewitk Typhoid and Typhoid-
Paratyphoid B Vaccines (Test culture -
VI-Strains of S. Typhi)

Number of sera
.from persons .

inoculated wrlfff1 W4 vaccines

~Typhoid av
Vaccine ,"- -

F G F G

Acetone K-voz 15 9 5
Heated L-voz 118 S

Heated 1962 ' 2 8 7
, ,lgholloti1962

Uhemloal o ne Ana~ ue
of Vaocines and Sera

named for Meohnikov 1962 15 8 4 7 5
CheT:io l of ne Ingtitute
of Spidemlo ogy and
microbiology named for
Galmaei 1962 - 2 9U

r o&al.... 94 47 15 47 40

PInaotive before Vaccination
G-With autivity developed after Vaccination
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While studying the bactericidal activity of sera
with the use of endogenous complement it was noted that
a large number of persons not suffering from typhoid fever
and not vaccinated had relatively high bactericidal
indices (at least 2) in relation to 3 Vi-strains of typhoid
microbes stud. id (Batnagar Vi-i 4446 and Ty ). Because of
the low number of sera with relatively low iacterlcidal
activity before vaccination we did not succeed in comparing
this index in volunteers vaccinated with various vaccines.
At the same time, differences were not detected in
bactericidal activity in percons with relatively high
initial indices, vaccination with effective and ineffective
vaccines (Table 4). Differences in the dynamics of
bactericidal activity of sera in relation to three tested
Vi-strains of typhoid fever microbes were not detected
either. Moreover, the highest bactericidal activity was
determined in relation to the Batnagar strains in the
lowest, in relation to the Ty2 strain.

Table 4

Bactericidal Activity in Relation to Strain S. typhl in
Blood of Persons Vaccinated Against Typhoid Fever

-a Activity at 1_
Various times

Test Microbes Vaccine 10 E F G

Vi-strain of Styhi deated 1963 11 2,67 I2,75 2.54
. 1 (0,14) I(0.14) (0,25)Alcoholic 1962 II 2.67 2,48 2,73

Chmical from (0,13) (0,18) (0,13)

Inst.of Zpidemi-I 12 2,75 2,65 2.50
ology & Nicrobi- (0,11) (0,16) (0,19)

atnagrm Vi-1 ology named for 12 3.2 3,31 3,21

S. typhi 4446 Galmalel 2.82 O3 (0,13)
Typhoid and Para (0,13) (01 (0,18)Ty ho d lB 1" 2,1 i ,A 2,1z8

S. typhl T Ty Typhoid B vacoinp (0,12) (0,04) (0,14)

If, Before V ooination F, 20-30 days after lst vaooination
G, 30 days after second vaccination

1. Batericidal Index and its standard deviation (in units).
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An Increase in the properdin level was noted in
vaooinatod persons in all groups (Table 5). However, the
increase proved to be substantial only upon overall
analysis of these examinations in groups of persons
immunized with acetone vaccine K-voz. The mean index of
properdin in this group was not substantially different
from indices determined in all other groups of vaccinated
volunteers.

No substantial changes in the overall complementary
activity or in the content of components of the complement
were detected in persons vaccinated with all preparations
studied.

Thus, after immunization within intestinal vaccines
the indices of bactericidal reaction studied in the blood
of persons with relatively low initial value increased.
No differences in the dynamics of the indices in persons
vaccinated with typhoid mono- and typhoid-paratyphoid B
vaccines prepared by various methods and of varying
epidemiological efficacy were noted.

We did not intend the fundamental material for
analysis of the role of bactericidal activity of blood
in human immunity against typhoid fever. Nevertheless,
the results of our research permit the assumption that the
intensity of postvaocinal immunity cannot be determined on
the basis of indices of the bactericidal reaction. Thus,
the blood of many volunteers, not previously vaccinated,
possess high bactericidal activity. Changes were not
revealed in the bactericidal activity in persons with high
initial indices after vaccination either. Finally, the
injection of the chemical divacoine of the Gamalel Institute
of Epidemiology and Microbiology which was not effective
in the epidemiological experiment produced an increase in
phagocytic activity of leucocytes with the same intensity
as did injection of highly effective heated vaccines.

CONCLUSIONS

1. The injection of typhoid fever and typhoid-
paratyphoid B vaccines produced an increase in the properdin
level and phagooytio activity of leucocytes in the blood of
persons with relatively low initial indices. In persons
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with high Initial indices the corresponding changes after
vaccination were not detected. Therefore, analysis of
immunological displacements after vaccination of personse
with relatively low and high Initial indices should be
carried out separately.

2. The correlation between epidemiolog1eal ofxioacy
of typhoid fever vaccine and their capacity to stimulate
bactericidal activity of blood was not established.
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