
C O M P A R A T I V E  S T U D Y  OF THE R E S I S T A N C E  OF M I C E  I M M U N I Z E D  

W I T H  T Y P H O I D  O- A N D  V I - V A C C I N E S  TO TRUE I N F E C T I O N  

(UDC 616.927-085.371-07 : 616.927-056]-092.9) 

N.  V.  L ' v o v s k a y a  

Vaccine Division, L. A. Tarasevich Control Institute of Medica l  Biological Preparations, Moscow 
(Presented by Academic i an  G. V. Vigodchikov) 
Translated from Byulleten'  Eksper imental 'noi  Biologii i Meditsiny,  Vol. 59, No. 2, 
pp. 95-97, February, 1965 
Original a r t ic le  submitted March 12, 1964 

The role of Vi- and O-ant igens of the typhoid bacil lus in the formation of immuni ty  has not been conclusively 

established up to this t ime .  

The presently used tests of determining the immunogenic i ty  of typhoid strains and vaccines in ac t ive  and 
passive protect ion of mice  against infect ion from lethal  doses of typhoid bac i l l i  are essential ly tests determining the 
resistance of mice  to acute fatal  in toxicat ion,  i . e .  reveaI  the basical ly  ant i toxic  side of immuni ty .  This explains 
the fact that mice  are poorly sensitive to the typhoid microbe and only after massive int raper i toneat  infect ion do 
animals  begin to die in the first three days, which speaks for the predominance of in toxicat ion.  

Experiments, carried out to study the an t ibac te r ia l  immuni ty  against typhoid fever using nontoxic doses of the 

bacil lus for chal lenge,  also offers indirect  evidence of the immune state in animals  infected with microbes not 
pathogenic for them [2, 11, 12]. 

The insensit ivity of mice  to the typhoid microbe obliges investigators studying typhoid fever to use species of 
salmonella  natural ly pathogenic for mice  in their exper imenta t ion .  

In the Soviet Union such investigation has been undertaken by several  authors [3, 5]. 

Starting from the fact that the Vi-ant igen of typhoid and the paratyphoid C microbe are iden t ica l ,  the strain 
S. paratyphi  C, which causes a true infection in mice ,  was used to reveal  the role of Vi and O-ant igens in the forma- 

tion of immuni ty  [7]. 

Japanese workers [6, 8, 9, 10, 13] carried out a series of experiments  exploring the regulat ion of the devel -  
opment of infect ion and immuni ty  in exper imenta l  typhoid in a model  salmonel la  infect ion in mice .  

In a ear l ier  paper [4] we showed that S. moscow, a microbe having an ant igenic  composit ion re la ted  to that 

of the enteric fever baci l lus ,  produces illness in mice  of a cyc l i ca l  course character is t ic  for the infec t ive  process, 

both after natural  infection via the mouth and after intraper i toneal  method of infect ion.  

With the development  of the infect ive process the number of microbes in the organs sharply increases,  ind ica t -  
ing ac t ive  mul t ip l ica t ion  of S. moscow in the mouse. Upon morphological  study of sections of mouse orga'ns infected 

TABLE 1. Immunogenic i ty  of Vi- and O-typhoid Vaccines in Experimental  Act ive  
Protection of Mice after Double Immunizat ion and Infection with S, moscow. 

Vaccine 

Ty.2 N'_~ 4446 . . . . . .  
Ty No 5501 . . . . . .  

Value of 
Strain for LD50 (no, 
chal lenge of cells) 

S. mOSCOW 17--90 
17--90 

No. of 
LDs0's in 
infect ing 
dose 

2--8 
2--8 

Mean 
value of 

E D s o  

49 �9 10 6 
27 �9 106 

+10 
~4 

x-~ tm 

27~9 
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TABLE 2. Immunogenici ty  of Vi- and O-typhoid 
Vaccines after Single Immunizat ion  and Challenge 
with S. moscow 

EDs0 of vac-  
cine Ty 2 
No..4446 

52,5 .i0 ~ 
1,.62 �9 10s 

! 

EDso of I Number of 
vaccine Tyl LDs0, s in 

challengin~ 
No. 5501 dose '~ 

12 .106 2,5 
31,4 "10 s 4,0 

Ratio of im--- 
munogenicity 
ED~o Ty~ N.~ 4,~4o 

ED~0 Ty J~.~ 5501 

4,5 
5,0 

TABLE 3. Results of Trial  Immunogenici ty  of O- 
vaccines Under Conditions of Challenge with Toxic 
Doses of S. typhi 

Vaccine 

S. moscow 
Same 

Strain for IM~an 
value of 

chal lenge / ED~0 
i 

Ty ag_~ �9 106 
+17 
7_-_2 

x'_+ hn 

80--+51 
7+5,1  

with S. moscow, inf lammatory  centers in the l iver  and 
spleen were discovered as were a large number of microbes 
in the blood and internal organs. 

In the present paper we study the role of Vi- and 
O-antigens of the typhoid bacil lus in the formation of 
immunity  in mice  infected with S_. moscow. 

M E T H O D S  

Vaccines were prepared from strains of 82. typhi. 
No. 4446 (V-form), S_._: typhi No. 5501 (W-form) and 8_2. 
moscow No. 643 heated to 56 ~ for the typhoid cultures 
and to 58 ~ for S. moscow for one hour. The turbidity of 
the microbia l  suspension was 5-7 mi l l ia rd .  

The ant igenic  structure of the strains upon deter-  
minat ion with monoreceptor  serum on glass was the fol-  
lowing: S. typhi No. 4 4 4 6 - V i ,  d; 8. typhi No, 5 5 0 1 - 9 , 1 2 :  
d; 8. moscow No. 6 4 3 - 9 ,  12: g, q. 

Infection was made with strains of S. moscowNo. 643, 
S. typhi No. 4446, S. typhi No. 5501. The LDs0 in our 
investigations ranged from 17-90 microbia l  cells for 

S. moscow, 27-90 mi l l ion  cells for S: typhi No. 4446, and 630,000 to 1.7 mi l l ion cells for S. typhi No. 5501 (in 
0,4% agar). 

Experiments used non-pedigreed mice of both sexes, weighing 14-17 g. 

Comparat ive study of the immunogenic i ty  of the Vi- and O-typhoid vaccines in relat ion of chal lenge with 
S. moscow and crossed studies ( immunizat ion with S. moscow vaccine  and chal lenge with strains Ty 2 No. 4446 and 
Ty No. 5501 to e luc ida te  the importance of the O-ant igen in anti toxic immunity)  was performed in ac t ive  i m -  
munizat ion experiments on mice .  

Mice were immunized  subcutaneously twice at weekly intervals.  

Vaccine was in jec ted  in doses of 500,100,  20, four and 0.8 mi l l ion  microbia l  cel ls  per 0.5 ml in a s ing le in jec -  
tion (the number of microbes was measured by an opt ical  standard) into a group of mice  with 10-15 animals  receiving 
each dose. The number of mice  for each dosage was the same. Challenge occurred 14 days after the second 
intraperi toneal  inject ion of a constant dose of the infect ive culture.  

Trial  of Vi-  and O-vaccines  was made always para l le l  in each exper iment ;  consequently, a single population 
of cultures was used for infect ion.  

Each exper iment  was accompanied  by a control infected culture.  The period of observation after infection 
was 14 days for S. moscow infection and three days for typhoid culture infections. 

The results of the experiments were used in calcula t ing the values LDs0 and ED50 according to the method of 
Reed and Mench. 

R E S U L T S  

Eleven studies of ac t ive  protection of mice  with typhoid vaccine from strain Ty z No. 4446 (V-form) and e leven 
studies with vaccine from strain No. 5501 (W-form) using S. moscow chal lenge were performed (18 of these with 
double and four with single immunizat ion) .  

Table 1 presents a summary of data from 16 investigations. The results of two trials were excluded in ac -  
cordance with the rule of excluding far scattered values according tO the formula ( x i - x )  > of  [1]. 

It is seen from Table  1 that after immuniza t ion  of mice  with typhoid vaccines the expression of immunity  is 
re la ted to the S. moscow infection.  
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The absolute values of EDs0 show the advantage of vaccine  Ty No. 5501 as compared  to vaccine  Ty 2 No. 4446 
(ED50 of vaccine  Ty No. 5501 was less than the EDs0 of vaccine  Ty z No. 4446). However, the s ta t is t ical  evaluat ion 
of the results obtained does not confirm the val id i ty  of the difference between mean values of the EDs0. 

The second group of experiments was performed according to the method suggested by the L. A.  Tarasevich 
Control Institute for evaluat ion of the immunogenic i ty  of typhoid strains and vaccines :  mice  were immunized  once 
with different doses of vaccine and ten days post immuniza t ion  were chal lenged with three to five LDs0 of tes t -cul ture .  

The results of the single immuniza t ion  experiments  using typhoid vaccines and S. moscow chal lenge  are pro-  
seated in Table  2. 

To study the role of the O-ant igen  in antitoxin immuni ty ,  the following experiments  were performed:  Im-  
munizat ion was made with the O-vacc ine  of S. moscow, in two injections at intervals of one week, and c h a l l e n g e -  
after 14 days with the Vi-strain of Ty 2 No. 4446 and the O-strain of Ty No. 5501. 

In Table 3 are presented the data from three experiments  using immuniza t ion  with S. moscow vaccine  and 
infection with Ty 2 No. 4446 and five experiments  using S. moscow vaccine  and Ty No. 5501 infect ion.  Chal lenge 
was made with 0.8-2 LDs0 of strain Ty z No. 4446 and 0.8-5 LDs0 of strain Ty No. 5501. 

Stat is t ical  analysis of the results established the val id i ty  of the difference of the mean values of EDs0 for the 
vaccines of S. moscow after infection with strains TY 2 No. 4446 and Ty No. 5501. 

The results of these experiments showed that immuniza t ion  of mice  with VI- and O-typhoid  vaccines produce 
immuni ty  against S__. moscow infect ion.  The presence of crossed immuni ty  between the typhoid bacil lus and S. moscow 
indicates the possible use of S. moscow as a tes t -cul ture  in the study of the an t i - in fec t ion  typhoid immuni ty  in the 
exper imenta l  si tuation. 
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A l l  a b b r e v i a t i o n s  of  p e r i o d i c a l s  in  the  a b o v e  b ib l i ography  are  l e t t e r - b y - l e t t e r  t r a n s l i t e r -  

a t i o n s  of  the  a b b r e v i a t i o n s  as  g iven  in the  or ig ina l  R u s s i a n  journal .  Some or all  of  th is  pert-  

od ica l  l i t e ra ture  may wel l  be  a v a i l a b l e  in Engl ish  translat ion.  A c o m p l e t e  l i s t  of  the  c o v e r - t o .  

c o v e r  E n g l i s h  t r a n s l a t i o n s  appears  at the  back  of  th i s  i s s u e .  
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