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Sexual recombinants of organisms of the Shigella genus and of Escherichia coli group Hfr H have been known 
to experimental workers for more than 10 years, Some investigators have isolated directly from patients strains 
close in their basic bacteriological characteristics and antigenic structure to these sexuat hybrids. 

Nevertheless the role of genetic recombinants in the pathogenesis of bacterial dysentery is not ctear. How- 
ever, from the viewpoint of their immunogenic activity the genetic hybrids of Shigella and Escherichia are interest- 
ing in connection with the possible intensification of this activity as a result of the supplementing of the antigenic 
basis of the recipient strains with donor's genetic material. 

The object of the present investigation was to compare the immunogenic and sensitizing properties of sexual 
recombinants and the initial strains of Escherichia and Shigella. 

E X P E R I M E N T A L  M E T H O D  

The test material  consisted of four strains of Shigella flexneri (Nos. 787, 781, 2047, and 2155), actively in 
sexual contact with E. coli cells and yielding a progeny of genetic recombinants, E. coli strain Hff H, used in the 
sexual crossing experiments, and 16 strains of genetic hybrids obtained by the classical meEhod on a minimal syn- 
thetic medium with lactose, streptomycin, and an eosin-methylene indicator. 

The immunogenic properties were investigated in the experiments of series I by preliminary immunizat ion of 
albino mice with heat-kil led dysentery recombinant vaccines and preparations of E. coli Hff H. The whole group 
of experimental animals (1850 individuals) was subdivided into nine groups with five subgroups. Each subgroup con- 
sisted of 30 animals. Immunization was by two intraperitoneal injections at an interval of 1 week, in equal doses: 
1.5 billion bacterial  cells for the primary injection and 2 billion bacterial cells for the reimmunizarion. Ten days 
after immunization, the experimental animals were inoculated with 1 and 2 LDs0 of living virulent cultures sus- 
pended in semiHquid minimal agar. 

E X P E R I M E N T A L  R E S U L T S  

The.experimental results are given in the table. 

Immunization with donor strains E. coli Hfr H gave protection only against the homologous strain of ~che r i -  
chia. Protection against inf~ction by recombinant strains and by homologous and heterologous strains of S. flexneri 
and Shigella sonnei was practically absent. 

The dysentery strains used for preliminary vaccination of the animals created a fairly stable immunity to 
homologous and heterologous strains of S. ftexneri. The survival rate after infection of the animals varied from 
87.7 to 96.7% for homologous strains and from 50 to 90% for heterologous strains of ~his species. The immunity 
was strictly species-specific and type-specific in character and did not extend to S. sonnei. The degree of protec- 
tion of the animals of this group against genet ic-recombinant  bacteria likewise was fairly high, but lower than the 
degree of protection of the animals against homologous Shigella strains, and was close to the degree of protection 
given against heterologons strains of S. flexneri, 

The recombinant strains, from the immunogenic aspect, merely repeated the recipient strains of dysentery 
bacteria, despite their common antigenic specificity with the parent strains - Escherich/a and Shigella, Vaccina- 
tion with them led to a survival rate of 89,4-96.6% among the animals when they were subsequently infected with 
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Immunogenic  Properties of Sexual Recombinanrs Compared with Ini t ial  Strains 

after Inoculat ion of Animals with 2 LDs0 of Living Cultures 

Strains used for immun i -  
zat ion (hea t -k i l l ed  

vaccines)  

E Coli Hfr H 
Shigel la  flexneri 737 
Recombinants 737 
Shigel la  flexneri 2047 
Recombinants 2047 
Shigel la  flexneri 2155 
Recombinants 2155 
Shigel la  flexneri 751 
Recombinants 751 

Survival rate of mice  (in %) after innocu- 
lat ion with 

homo-, 
logous re- 
c o m b i -  
nant strai~ 

90,3 
96,6 
84,2 
92,7 
87,4 
91,8 
77,5 
89,4 

donor 
strain E. 
coli  

Hfr H 

86,7 

rec ip ient  ~hetero- [ 
homo-  [logous i S, . 
logous is t~ins I mge.lla 

[of 8 Isonnm 
strain fflexheri*l 

96,7 90,0 - -  
95,7 87,5 - -  
87,7 50,0 - -  
91,5 93,3 - -  
9 6 , 7  9 1 , 0  - -  
9 0 , 2  9 0 , 0  - -  
9 0 , 0  80,0 - -  
73,0 7 0 , 2  - -  

*S. f lexneri  No. 15168 with high virulence.  

24-hour cultures of the same hybrid strains. Protection of the animals against the corresponding recipient  dysentery 
bac ter ia  also was close to this figure, varying within the range 73.0-95.8%, 

Infection of animals immunized  with genet ic  recombinants by the donor strain E. col i  Hfr H was lethal  in 
every case. The impression actual ly  was obtained that immuniza t ion  with the recombinants hastened the le thal  
outcome. In other words, despite the appearance of new substances and structures in the sexual recombinants,  and 
especia l ly  of the enzyme ~-galactosidase,  which possesses antigenic properties of its own, their  immunogenic i ty  
was not increased but merely  approached in intensity the immunogen ic i tyo f the  or ig ina l rec ip ien t  strains ors--flexneri.  

Paral le l  with the immuniza t ion  of the animals,  in iden t ica l  conditions the virulence of the strains used for 
preparing the vaccines and for subsequent infect ion of the animals was determined.  During successive trials of the 
LDs0, some of the albino mice  survived. The animals remaining al ive after use in determining the virulence of the 
cultures were regarded after 1 month as having been immunized  with l iving vaccines.  Cross experiments were ca r -  
ried out on these animals and the immunogenic  properties of the l iving cultures were verif ied.  As in the exper i -  
ments of series I, the exper imenta l  albino mice  were infected with 1 and 2 LDs0 of homologous recombinant  donor 
and recipient  strains and heterologous strains of Shigella.  The following results were obtained,  with no par t icular  

dependence on the pr imary dose of l iving bacter ia ,  

The animals which survived dysentery infect ion following primary inocula t ion with recipient  strains of  Shige l -  
la, remained heal thy after re inoculat ion with homologous and heterologous strains and recombinant  strains. They 
died after 72-96 h only i f  infected with E. coli  Hfr H. Albino mice  which survived after primary inoculat ion with 
E. col i  Hfr H or recombinant  strains were comple te ly  unprotected against dysentery infection, even if  produced by 
inoculat ion with 0,5 and 0.2 LD50. These doses had no effect on normal mice.  The background created by E. coli  
Hfr H was espec ia l ly  unfavorable, As a rule the animals died at the end of the 1st or, more rarely,  in the middle  
of the 2nd day after infection. Possibly this phenomenon could be associated with paraspecific a l lergizat ion,  Noth- 
ing l ike i t  was observed following analogous in t raper i toneal  immuniza t ion  with hea t -k i l l ed  cultures. Heating ap-  
peared to destroy the a l le rg iz ing  effect produced by the living, proliferating bacter ia .  

The sensit izing action of both E, col i  Hfr H and of the recombinant  strains suggested a genet ic  transmission 

of the a l lerg iz ing principle,  

To verify and confirm these observations a further study was made of the sensitizing properties of the donor 
strain E. col i  Hfr H and of its genet ic  recombinants with the use of a l lergic  tests. 

In the experiments of series I rabbits were used, as they are considered by some authorities [1] to be the most 
sensitive b io log ica l  model,  and 15 of these animals were immunized  by repeated subcutaneous injections of smal l  
doses of the same hea t -k i l l ed  vaccines.  After 2 or 3 injections a zone of infi l t rat ion developed at the site of in jec -  
tion, and the tissue became erythematous,  and later ,  necrot ic  - the result of summation of the specif ic  toxic-sens i -  

t iz ing action as in the Arthtis phenomenon. 

In the experiments of series II (14 rabbits) the prel iminary subcutaneous immuniza t ion  with hea t -k i l l ed  v a c -  
cines from the donor strain E. col i  Hfr H or from genet ic  recombinants of S. f lexneri ,  followed by inject ion of hea t -  
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ki l led dysentery vaccine  foreign for the first and re la t ive ly  foreign for the recombinant  strains, atso was accom-  

panied by the appearance of swelling, erythema,  and a zone of necrosis, although i t  was somewhat less marked (the 

S chwartzmann-S anarell i  phenomenon). 

The results obtained show evidence of a specif ic  adaptat ion of the exper imenta l  animals in the process of 

vaccinat ion:  besides immunologica lchanges ,  manifestations are seen of the a l lerg iz ing act ion of the vacc ine  ant i -  
gens, with the character  both of specific sensit ization and of para-a l lergy.  Consequently, the a l lerg iza t ion  of the 
exper imenta l  animals takes place  under the influence not only of l iving, but also of hea t -k i l l ed  cultures. This was 

observed in rabbits, in contrast to mice,  in the form of purely local ,  rather than genera1, manifestations. Conse- 
quently, the original  hypothesis suggesting a thermolab i le  a l lergic  component  was not quite correct. Heating the 
culture probably only depressed its sensitizing properties. In this case i t  was a mat ter  not so much of a change in 
the properties of the al lergen during preparation of the hea t -k i l l ed  vacc ine  as of the s tab i l iza t ion  of its amount. 

Other interesting observations were made in experiments in which the keratoconjunct ival  test was carried out 
on guinea pigs (experiments of series ttI). 

When applied to the conjunct iva of a guinea pig, cells of g. colt  Hfr H, even in a very high concentrat ion,  
did not give rise to the phenomena of kerati t is  and keratoconjunctivi t is .  Only in 2 of 13 cases was a mild  catarrhal  

in f lammat ion  of the conjunct iva seen. Performance of the keratoconjunct ival  test with S. f lexneri  on the same ani -  
mals 1 month after their infection with E. col i  was accompanied  by the rapid development  of keratoconjunct ivi t is  
with a prolonged and persistent course. In these circumstances a positive keratoconjunct ival  test was even obtained 
with S. f lexneri  after storage in the laboratory (on nutrient media)  for 6 and 9 months. Three months before the 
present experiments these strains no longer gave the typical  keratoconjunct ival  react ion in guinea pigs, although 
when tested immed ia t e ly  after isolat ion from the patient  a positive react ion was obtained. 

A s imi lar  sensitizing action, although weaker, was given by the recombinant  strains. Not one of these sexual 
hybrids gave an independent  keratoconjunct ival  react ion,  but they had a preparatory, sensit izing action, l ike the 
donor strain E. eoli  Hfr H. However, in 3 of 16 cases the old genet ic  hybrids, after storage for 3 months, caused an 
acute keratoconjunct ival  reaction, but only after sensi t izat ion of the conjunctiva.  

The formation of pa ra -a l l e rgy  and of specif ic  al lergy in the course of successive infect ion with E. coli  m~d 
Shigel la  strains, and also with recombinant  and Shigel la  strains (experiments of series IV), was confirmed by a l le r -  
gic tests both on guinea pigs surviving infect ion and on animals surviving after tests of immunogenic i ty .  

The allergens used were a dysentery al lergen from Shigel la  strains (manufactured by the Leningrad Institute 
of Vaccines and Sera), an E. coli  allergen, and recombinant  allergens prepared by the author from E. coli  Hfr H and 
hybrid strains by the acid hydrolysis method [2]. 

The results of in t radermal  a l le rg ic  tests showed that, regardless of the b io logica l  model  used, a previous in -  
fect ion with E col i  or with recombinant  fac i l i t a ted  the development  of a state of specific al lergy and para--atlergy 
in the animal.  

Hence, E. coli  Hfr H and the recombinant  strains formed by sexual contact  between g. coli  Hfr H and S. f lex-  
ner___!i constitute an important  pathogenet ic  factor which supplements the al lergic  link in the development  of dysen- 
tery infect ion in laboratory animals. 

It is possible that relationships such as this between microorganisms of different species and also of in te rmedi -  
ate forms, and their  combined influence on the reac t iv i ty  of the host may have an important  action on the charac-  
ter of the course of bac te r ia l  dysentery and may be the cause of the development  of a typica l  forms of dysentery and 
of frequent relapses of chronic dysentery. 

The positive result of the diagnostic a l lergic  test with dysenterin, because of these observations, cannot be 
regarded as the result of  the action of true Shigel la  celIs alone on the host. The a l lergic  test may also give an in-  
d icat ion of  cross-sensit ization with gene t ica l ly  re la ted microorganisms, including the sexual hybrids of the dysen- 
tery bacter ia .  

S U M M A R Y  

The genet ic  sexual recombinants of S. flexneri and E. coli  in the process of immuniza t ion  of animals confer 
immuni ty  only to the recombinant  forms,in a lesser degree to the recipient  homo-  and heterologous strains of Shiget-  
la, and f a i l t o  afford protectioh against E. coli  Hfr H and other types of dysentery bacter ia .  A donor of g. coli  Htr H 
contributes to the formation of a str ict ly specif ic  immuni ty  fai l ing to protect  animals ei ther  against sexual hybrids 
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or against Shigella. A living culture of E. coli Hfr H and genetic recombinants possesses marked allergie qual-  
ities with regard to various biological models: rabbits, albino mice, guinea pigs. 

Sensitization is devoid of any strict specificity and has a cross para-allergic character. Genetic hybrids and 
E. coli donors are an important pathogenetic facto r supplementing the allergic link in the development of bac-  
terial dysentery. 

1, 

2. 
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