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An antigen (CA) common to members of 
the family Enterobacteriaceae was first de- 
scribed by- Kunin et al. in 1962 (1). This 
heat-stable antigen readily conditions ery- 
throcytes for agglutination by CA antibodies. 
Only a few members of the family, notably 
Escherichia coli 014, induce CA antibodies in 
high titers in the rabbit upon intravenous 
(iv) injection of bacterial suspensions or su- 
pernates therefrom. With other members, CA 
antibodies are not engendered in significant 
titers unless antigen-treated erythrocytes are 
administered (2) or the antigen is given sub- 
cutaneously (sc) , with or without Freund's 
adjuvant ( 3 ) .  The poor immunogenicity of 
CA produced by organisms other than E.  coli 
014 is due to the simultaneously present 0 
antigen (lipoplysaccharide) . Removal of this 
latter antigen results in a highly immunogen- 
ic ethanol-soluble fraction (4).  Recombina- 
tion of this fraction with 0 antigen (lipopoly- 
saccharide) or its lipid A component renders 
the antigen less immunogenic (5). 

I t  is well known that animal species vary 
in their responses to antigenic stimuli. For 
example, capsular polysaccharides of pneu- 
mococci are immunogenic in certain species, 
such as man and mouse, whereas in other 
species, such as the rabbit, they act as hap- 
tens. Differences in antibody responses to 
various antigenic stimuli have also been re- 
ported within animal species, e.g., between 
inbred strains of mice (6-1 1). 
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The present investigation has shown that 
four mouse strains (C57BL/6Ha, DBA/2 
Jax, CBA/St, and Swiss albino) differ signifi- 
cantly in their capacity to produce antibodies 
against CA, either with or without incom- 
plete Freund's adjuvant. The C57BL/6Ha 
mouse strain was used because it is known to 
produce antibodies readily. There was no ba- 
sis for selecting the other strains. 

Materids  and Methods. Smooth strains of 
E. coli 0111, 014, and 086 were grown on 
brain veal agar (Difco) in Kolle flasks for 18 
hr a t  37". The growth was suspended in 25 
ml of phosphate buffer (pH 7.3; Difco) and 
heated for 1 hr in water bath at 100'. Super- 
natant fluid was obtained after centrifugation 
at  23,500g for 20 min and was frozen until 
used. It contains both CA and 0 antigen and 
will be referred to as HKS. 

For the preparation of ethanol-soluble frac- 
tion of E. coli 0111, a method previously 
described in detail (4) was employed. 
Briefly, a mixture of E .  colj 0111 HKS (1 
vol) and 95% ethanol (8.5 v d )  was kept at 
22' for 18 hr. The mixture was centrifuged at 
2' (23,500g) for 15 min; the decanted su- 
pernatant fluid was dried overnight in a par- 
tial vacuum a t  2 2 O .  The material was dis- 
solved in distilled water to the original con- 
centration. This ethanol-soluble fraction, 
which contains CA and only trace amounts of 
0 antigen, will be referred to as ES. 

C57BL/6Ha, DBA/2 Jax, and CBA/St 
mice (male, 4-7 weeks ,old), which had been 
continuously inbred by brother-sister mat- 
ings for more than 20 generations, were 
used. Random-bred Swiss albino mice were 
obtained from a local dealer. The mice were 
housed in groups of 10 and given fwd and 
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water ad libitum. E .  CoZi 014 HKS or 0111 
ES was injected intraperitoneally (ip) 3 or 4 
times at  5-day intervals. Each immunizing 
dose contained 0.25 ml of antigen in 0.5 ml 
of buffer or incomplete Freund's adjuvant 
(Difco) . Puncture of the retro-orbital sinus 
was used for collecting blood at  weekly inter- 
vals for approximately 10 weeks. Serum spec- 
imens were kept frozen until used. 

Titration of CA antibodies was carried out 
by means of hemagglutination tests, as previ- 
ously described (4). Briefly, serum tin 2-fold 
serial dilution (0.1 ml) was mixed with 
mouse erythrocytes (0.1 ml) that had been 
modified with CA from E.  co2i 086 HKS. 
After incubation a t  37" and centrifugation at 
1300g for 2 min, the resulting hemagglutina- 
tion was read grossly. The specificity was 
documented by inhibition of hemagglutina- 
tion by CA from E .  coEi 014 HKS (0.1 ml), 
mixed with the serum ( 3 0  min at  37') prior 
to addition of antigenically modified erythro- 
cytes. 

Results. In  the first series of experiments, 
10 mice each of 4 strains were injected ip 
with E. coli 014 HKS or 0111 ES, with or 
without adjuvant. Blood samples were ob- 
tained prior to the first injection (day 0), 3 
days after the second injection (day 8), 5 
days after the third injection (day 15), and 
21 and 52 days after the feourth injection 
(days 36 and 67, respectively). The results, 
summarized in Table I, indicate a better 
CA antibody response by CBA/St and 
C5 7BL/6Ha mice than DBA/2 Jax and 
Swiss albino strains. CA antibody specificity 
was confirmed by hemagglutination-inhibition 
tests. The ethanol-soluble CA from E. co2i 
0111 was a better immunogen than was E. 
d i  014 (HKS). The reason for this finding 
is not clear, because hemagglutination- 
inhibition tests showed that the latter con- 
tained at  least as much CA as did the former. 
Maximal titers were noted 5 days after the 
third injection of antigen (day 15). Table I 
shows also that CA antibody production did 
not persist, since titers had declined to 1:8 or 
less by 52 days after the fourth injection 
(day 6 7 ) .  It is of interest to note also that 
adjuvant did not enhance the immunogenici- 
ty of CA. In fact, it may have interfered with 
antibody production. 

Since a secondary response with CA, whose 
chemical composition is as yet unknown, 
was documented previously in the rabbit 
(12), an attempt was made to induce a boost- 
er response in the mouse. Accordingly, CA 
immunized mice were given one injection ip 
of E .  d i  0111 ES on day 67, when CA 
antibody titers had declined significantly. 
Serum specimens obtained 3, 7,  and 15 days 
thereafter revealed no change in antibody 
titers. 

These data indicate a difference between 
mouse strains in the antibody response to CA. 

Discussion. The present study confirms 
and extends previous reports Idealing with 
strain differences of mice in the immune re- 
sponse to antigens. Our results indicate that 
C57BLJ6Ha and CBAJSt mice produce CA 
hemagglutinatinins more readily and to sig- 
nificantly higher titers than do DBA/2 Jax 
and Swiss albino mice. As early as 1949 Da- 
vidsohn and Stern (6) found, with sheep 
erythrocytes, that C5 7BL mice were excellent 
and DBA were poor antibody producers. 
Convincing evidence that the immune re- 
sponses of inbred mice to certain antigens are 
genetically controlled traits was presented 
by McDevitt and Chinitz (8). These investi- 
gators showed that all strains with the same 
genotype for the major histocompatibility 
(H-2) locus exhibited the same pattern of 
immune response to synthetic polypeptide 
antigens. I t  must be kept in mind, however, 
that differences in immune responses under 
genetic control may depend on: the particular 
route of administration, the age of the ani- 
mal, and the nature of the antigen employed. 
For example, Fink and Quinn ( 7 )  reported 
differences in antibody response to egg al- 
bumin, depending upon the route of immuni- 
zation: C57BL/6 anld DBA, among others, 
responded well to intramuscular (im) injec- 
tion, whereas BALB responded well to ip but 
not to im immunization. Playfair (1 1) found 
that differences in antibody response of mice 
was age-dependent: neonatal NZB strains re- 
sponded better than did neonatal C57BL or 
BALB/c strains to sheep, pig, or chicken 
erythrocytes. Auzins and Rowley (10) noted 
that, although BALBJc and Swiss white mice 
responded to 3 antigenic components of S. 
typhimurium C5 vaccine, only the latter pro- 
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duced antibloclies against antigen 5. The role 
of the particular antigen is evident from the 
study of Cerottini et al. (9) who showed 
that NZBJW mice responded better to 
SRBC than did A/J mice although the latter 
strain was superior to NZB/W in response 
to keyhole limpet hemocyanin and bovine 
serum albumin. It is reasonable to assume 
that the differences of 4 strains of mice in the 
antibody responses to CA of Enterobacteria- 
ceae, noted in the present study, are on a 
genetic basis. 

Information on the biologic significance of 
CA and CA antiblody is incomplete. However, 
it was shown that this antibody is present in 
low titer in human serum from healthy 
adults and increases in titer during convales- 
cence of children with enterobacterial enterit- 
is (13). In addition, CA antibodies opsonize 
enteric bacteria for phagocytosis by rabbit 
leukocytes (14) and protect rabbits against 
pyelonephri tis experimentally produced with 
a CA containing microorganism, Proteus mira- 
bilis (15). Further studies are needed to de- 
termine the protective effect of CA antibodies 
against heterologous bacterial infections. 

Summary. The genetic influence of various 
mouse strains on antibody response to the 
common antigen (CA) of Enterobacteriuceae 
was determined. Four strains of mice, three 
inbred and one random-bred, were injected ip 
with CA of E. coli 014 or 0111, with or 
without incomplete Freund’s adjuvant. CA 
antibody titers, determined by hemagglutina- 
tion tests, revealed the following: CBA/St 
and C5 7BL/6Ha mice responsed significantly 
better than did DBA/2Jax and Swiss albino 
mice; ethanol-soluble CA from E. coJi 01 11 
was a better immunogen than was CA from 
E. coli 014; adjuvant did not enhance immu- 

nogenicity of CA in responding mice; highest 
titers were noted 5 days after the third in- 
jection of CA, persisted f3or 2 weeks, and 
declined by the end of 2 months; and a 
subsequent injection of CA failed to elicit a 
secondary response. 
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