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Immunization Studies with Living Vaccine of Salmonella typhimurium. 
(25909) 

L. S. BARON AND S. B. FORMAL 
Division of In~nzunology,  Walter Reed Army Znst., Washington, D. C .  

Production of artificial immunity to Sal- 
monella infections in both man and animals 
is a problem which for the most part remains 
unresolved. Only recently has a properly 
controlled field study shown that typhoid vac- 
cination confers some level of protection 
against infection in man ( 1 ) . In  laboratory 
animals, some information indicates that re- 
covery from the disease yields best immunity 
to reinfection. In the past, such results were 
explained on basis of selection of innately re- 
sistant animals initially present ( 2 ) .  How- 
ever, Holbson ( 3 )  recently showed that mice 
infected with relatively avirulent strain of 
Salmonella t y  phinzzirium developed a resis- 
tance to reinfection with virulent strains with- 
out appreciable deaths occurring from initial 
infection. Studies using killed S. typhimu- 
riuw vaccines to immunize against mouse ty- 
phoid demonstrated that these vaccines offer 
only low level of protection against infection 
under natural conditions (4) and are only 
somewhat more satisfactory against challenge 
by intraperitoneal route( 5 ) .  In  fowl typhoid, 

where recent studies have indicated that na- 
turally recovered chickens are immune to re- 
infection with Salinonellu gallinarum (6)  ) 
Smith( 7 )  showed that dead vaccines had lit- 
tle or no protective effect while good immu- 
nity was produced by live vaccines. In  view 
of these findings, and since our previous at: 
tempts to protect against mouse typhoid with 
killed vaccines have been unsuccessful, a liv- 
ing avirulent mutant of S. typhimuriunt was 
sought for further investigation. Isolation of 
streptomycin-dependent bacterial strains by 
Miller and Bohnhoff (8) suggested a technic 
which could be employed to obtain an aviru- 
lent mutant of S. typhimurium. Herzberg and 
Elberg (9,lO) reported isolation and charac- 
teristics of such mutant of Brucella melitensis 
and on use of this variant in immunization 
studies. This communication gives results in 
which living vaccines were employed to pro- 
tect mice against intraperitoneal challenge 
with a virulent culture of S. typhimurium. 

Materials und methods. Cultures. An an- 
tigenically complete culture of S. typhinzu- 
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rium ( 1,4,5?l2;iJ1,2) designated as strain 10, 
was obtained from culture collection of Walter 
Reed Army Inst. of Research. Within 7 to 14 
days intraperitoneal injection of as few as lo2  
cells of this strain resulted in death of 90- 
100% of mice of the Bagg strain. This cul- 
ture and a streptomycin-dependent ( St!) niu- 
tant derived from it were employed in initial 
experiments. The SC1 mutant was obtained by 
plating approximately 5 x 10"' cells of strain 
10 on nutrient agar containing 0.6 mg,'ml of 
streptomycin sulfate (Pfizer ) . A colony was 
observed after 5 days incubation a t  37°C' 
which, on further testing, proved a streptomy- 
cin-dependent, but otherwise unchanged, de- 
rivative of parent culture. The cultures were 
grown on nutrient agar (Difco).  or with S,' 
variant of strain 10, on nutrient agar supple- 
mented with 0.6 m,v of streptomycin ml.  I I U -  
inunization tests. Living vaccines were pre- 
pared from washed cells of 16 hour cultures 
standardized turbidimetrically to contain 1 OF' 
bacteria / ml. Killed vaccines were obtained 
by heating aliquots of living preparation at  
56°C for 1 hour. Mice were immunized with 
0.5 ml of appropriate vaccine intraperitoneally 
and challenged by same route with 5 x 10' 
cells of S.  typhimuvium strain 10 eighteen 
days later. This high challenge dose was 
chosen to provide a stringent test for the vac- 
cine thereby eliminating evidence of low level 
immunity previously reported ( 5 ) .  

Results. Preliminary experiments demon- 
strated that some mice injected intraperitone- 
ally with lo7 washed Sd cells of S. typhirnu- 
rium died in 3 weeks following inoculation. 
Post-mortem cultures revealed presence of 
streptomycin independent S. typhimurium. 
In vitro tests were then carried out to deter- 
mine frequency of reversion of the 9' strain 
to streptomycin independence. JF-hen 1 Ox 
washed Sd cells were plated on nutrient agar 
lacking streptomycin, approximately 4-5 col- 
onies appeared in 24 hours. These colonies 
were independent of and sensitive to strepto- 
mycin and were in sharp contrast to the slow 
residual growth of the cell population plated, 
occurring probably due to presence of intra- 
cellular streptomycin not removed by the 
washing process. As a result of this residual 

growth, further reversions to streptomycin in- 
dependence were observed during the next few 
days of incubation. In  view of the high viru- 
lence (LDl,o_loo = lo2 or fewer cells injected 
intraperitoneally) of the strain of S .  typhi- 
i~uriunz employed, the presence of even one 
reverted cell is undesirable. 

I t  is known that purine-requiring mutants 
of S. fyphosa and Klebsiclla pneumoniae do 
not multiply in the peritoneum of mice due to 
absence of purines in this region ( 1 1,12,13) . 
Thus, to minimize or effectively eliminate re- 
versions frcm avirulent to virulent state in 
ilitlo, a streptomycin-dependent, purine-re- 
quiring mutant of S. typhimuvium was iso- 
lated by subjecting the Sd strain to ultraviolet 
irradiation followed by penicillin technic of 
Lederberg and Zinder ( 14).  Studies to deter- 
mine frequency of back mutation of this 'dou- 
ble mutant' to the purine-streptomycin inde- 
pendent state indicated that such double re- 
versions could not be detected by either in 
ilitro or in viva procedures. 

A bacteriologic study of the fate of this 
double mutant strain following intraperitoneal 
injection into mice was then undertaken. The 
number of organisms of this strain which 
could be administered without causing deaths 
in mice was of the order of 5 x lo8 bacteria. 
Blood. liver, spleen and peritoneal contents of 
groups of 10 mice were examined by streaking 
from these areas on plates of nutrient agar 
containing streptomycin at daily intervals fol- 
lowing inoculation of the cells. The results 
indicated a clearance of organisms within 72 
hours, such that no instances of positive blood 
or spleen cultures were detected with the 
method after 7 2  hours. At this time the peri- 
toneal fluid was also free of organisms. When 
bacterial counts were made on individual 
whole mice a t  periods after immunization us- 
ing Waring blender technic ( 15 ) , a decrease in 
tctal number of organisms from original in- 
oculum of 5 x lo5 cells to 1 x 10; cells oc- 
curred a t  the end of 7 days with a further de- 
crease to about 5 x 10' cells a t  the end of 18 
days. This double mutant strain was then 
employed in immunization experiments. 

Groups of mice were immunized with a 
single injection of either the double mutant, a 
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Cha11e.nge closc I 5 X lo7 S. typli i /nrrrium a c l -  
ministered intraper. 18 (lays after iiiiiiiUiiiz:itioii 
with 5 x l o 8  cells of the vaccines. 

heat-killed1 preparation of these same cells, 
or a heat-killed Shigella flexneri vaccine. The 
S. flexneri vaccine was included as a control 
against possible development of a non-specific 
immunity similar to that described by Landy 
and Pillemer ( 16) .  Immunized mice and un- 
treated controls were challenged 18 days after 
immunization with 5 x lo7 cells of the viru- 
lent, wild type strain of S. typhimurium. The 
results showed that when this high challenge 
dose was employed, the living vaccine was 
not superior to heat-killed vaccine in protect- 
ing mice. A typical protocol is presented in 
Table I. 

Discussion. These studies confirm observa- 
tions that heat-killed vaccines of S. typhimu- 
&m do not confer a high level of protection 
on mice against intraperitoneal challenge. An 
attempt was made to determine if living vac- 
cine would yield better results. However, 
when a streptomycin-dependent mutant of a 
highly virulent strain was used as living vac- 
cine, it proved unsafe; the combinatioa of a 
relatively high reversion rate to streptomycin 
independence and high virulence of the strep- 
tomycin independent form was sufficient fa- 
tally to infect an appreciable number of mice 
receiving this preparation. To prevent rever- 
sion to the virulent state, addition of a purine 
requirement to the streptomycin-dependent 
strain was accomplished yielding a culture 
which was safe for use in mice as  a living vac- 
cine. Nevertheless, this immunizing agent did 

not prove to be significantly better than heat- 
killed vaccine in protecting animals against 
challenge doses administered by the intra- 
peritoneal route. 

Summary. A streptomycin-dependent mu- 
tant was isolated from a virulent strain of S. 
typhimurium for evaluation as a living vac- 
cine in mice. In vivo and in nitro studies 
indicated that this strain was unsafe as an 
immunizing agent due to reversions to strep- 
tomycin independence. A mutant of the 
streptomycin-dependent strain was obtained 
requiring purine, a nutritional factor absent 
in mouse peritoneum. Reversions of this 
double mutant strain to the purine-streptomy- 
cin-independent state could not be detected. 
The results of experiments comparing this 
living vaccine with heat-killed preparation in- 
dicated that the living vaccine was not supe- 
rior in protecting mice. 
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