538

A Rough Antigen Frequently Associated with Vi in Some Enterobac-

teriaceae.

(17736)
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Felix and Pitt(1) first described the Vi
antigen as a thermolabile antigen conferring
virulence and O-inagglutinability upon organ-
isms possessing this component. Many in-
vestigators(2,3,4) have questioned the ther-
molability of the Vi antigen, others(3,6) its
role in virulence and it is well known that an
occasional Vi positive strain is completely O-
agglutinable in pure O antiserum. Stuart,
Wheeler ef al.(7) found that certain coliform
and Paracolobactrum cultures gave a charac-
teristic Vi type of agglutination in a presum-
ably pure Vi antiserum. Adsorption of the
Vi antiserum with any one of the coliform or
Paracolobactrum cultures completely removed
agglutinins for all these cultures without re-
ducing the titer for Vi positive Salmonella
strains while adsorption with certain Vi posi-
tive S. typhosa and S. ballerup strains re-
moved all agglutinins. The antigen common
to some coliform, Paracolobactrum and Vi
positive Salmonella cultures but differing from
the Felix and Pitt antigen was called a Vi-
like component. Wheeles and Stuart(8) found
the Vi-like antigen in one culture with part of
and 2 cultures with the complete somatic
structure of Sach’s Q-771 strain. Subsequently
the same antigen was found in several addi-
tional strains of coliform, Paracolobactrum
and Shigella-like organisms (unpublished
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data). Brower (9) reported an antigen other
than the IX, XII, Vi or d component in a
Bhatnagar strain of S. typhosa as a “probably
rough antigen”™. Work on the Vi-like sub-
stances was revived in this laboratory when a
nonmotile variant of the Bhatnagar strain
used by Brower and kindly furnished by her
was found to be composed almost exclusively
of the Vi and Vi-like antigens. The Vi-like
antigen will hereinafter be called the Er anti-
gen (a rough antigenic component of many
Enterobacteriaceae).

In the present work pure Vi antiserums were
prepared in two ways. (1) Antiserums pre-
pared in rabbits with living antigens of strains
of S. typhosa possessing the Vi but lacking
the Er antigen were adsorbed with living an-.
tigens of H-901 and 0-901. (2) antiserums of
rabbits immunized with alcoholic extracts of
S. ballerup containing Vi produced for the
most part only Vi antibodies. An occasional
antiserum prepared from an alcoholic extract
of any Vi positive organism, particularly after
prolonged immunization, possessed antibodies
reacting in low dilutions (20-160) with boiled
homologous antigen. Pure Er antiserum was
prepared with S. fyphosa 0-484 (the S-107
strain of Stuart, Wheeler ef al.(7) containing
both the Vi and Er antigens. This antiserum
after adsorption with S. Zyphosa possessing
Vi but not Er yielded a pure Er antiserum.
Another Er antiserum was made from Para-
colobactrum coliforme 121 rich in Er but
lacking the Vi, IX, XIT or d antigen. Tests
with cultures known to possess the Vi or Er
antigen or both indicated that the Er anti-
bodies prepared from the S. fyphosa and P.
coliforme strains were identical. The Er
antiserum prepared from P. coliforme 121
agglutinated S. typhosa 0-484 to a titer of
20480 and other S. fyphosa strains possessing
the Er antigen to titers ranging from 80 to
20480. With these antiserums the Er antigen
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was found in high concentration in 10 strains
of S. typhosa, in moderate concentration in
6 strains and in weak concentration in several
others from a total of 75 strains studied. It
was found in S. ballerup strains, in one rough
paratyphi C strain, in 4 Paracolobactrum
strains and 2 Escherichia coli cultures. These
findings would indicate that the Er antigen is
relatively widespread in the Enterobacteri-
aceae. The confusion that can be caused by
the presence of Er antibodies in presumably
pure Vi antiserum is apparent, The increas-
ing number of reports of Vi antigen in coli-
form and Paracolobactum cultures must be
viewed with suspicion unless confirmed by
adequate adsorption tests. If for no reason
other than to avoid confusion with Vi the
general distribution of the Er antigen should
be recognized.

In the previous work(7) it was noted that
coliform and Paracolobactrum cultures with
Er antigen exhibited rough tendencies. When
antigens of these strains were prepared by
adding saline to agar slant cultures and the
tubes rotated, the growth came off the agar
in flakes. When briskly rotated for 2 or 3
minutes most of the flakes broke up and after
allowing the suspension to sediment 10 to 15
minutes perfectly smooth antigens that showed
no spontaneous agglutination in 0.85 or 2%
saline at 37°C or 55°C were obtained. Upon
boiling for 1 or more hours in 0.85% saline
varying degrees of spontaneous agglutination
did occur with all strains. Young colonies of
these cultures on nutrient agar plates showed
rough characteristics which disappeared as
the age of the colony increased. In broth cul-
tures sediment was noted on the bottom of
the tube but smooth, stable antigens could be
pipetted from the supernatant fluid. S. typhosa
strains with Er antigen reacted in a similar
manner except that the tendency toward
roughness was not usually as marked as with
coliform and Paracolobactrum cultures. If
the Er antigen is a rough component of a cul-
ture a comparison of the Vi and Er antigens
with respect to distribution and other charac-
teristics is important. The Er antigen has
been found in all groups of enteric bacteria
possessing Vi: Salmonella, coliform and Para-
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colobactrum (10). In the Salmonella, includ-
ing S. typhosa, the Er antigen has been limited
to those cultures possessing Vi, but not all
strains with Vi possess the Er antigen. In
the coliform and Paracolobactrum the Er anti-
gen alone is usually found. Hirsch(11)
found that cultures with Vi were agglutinated
by acriflavin. Cultures containing Er anti-
gen showed somewhat stronger agglutination
than Vi strains in the same dilution or ag-
glutinated in slightly higher dilutions of the
dye than did the Vi strain. Agglutination in
acriflavin long has been accepted as one of
the better though not infallible criteria of
roughness. Both the Vi and Er antigens may
be extracted from cultures by alcohol and by
saline and heat; the former more readily by
alcohol and the latter by saline and heat.
These extracts are antigenic in rabbits and
will inhibit the agglutination of the Vi antigen
or the Er antigen by their respective anti-
bodies (Stuart and Kennedy) (12). White(13)
and others have pointed out that treatment
of rough Salmonella with alcohol may remove
the rough character of the culture. When cul-
tures with the Vi or Er antigen are heated
to 60°C for one hour most or all of these
antigens are freed from the cell and the wash-
ed cells are not agglutinated in Vi or Er anti-
serums respectively. Free in the supernatant
fluid the Vi and Er antigens are not com-
pletely destroyed for an hour or more at
121°C. The Er antigen is not as readily dis-
sociated from the cell as the Vi and in some
strains may resist dissociation for one hour at
60°C. Increasing the time of heating at
60°C or increases in the temperature disso-
ciates the Er antigen but may cause the re-
sidual cells to be spontaneously agglutinated.
Cultures containing both Vi and Er antigens
tested in pure Er antiserum often exhibited
Er-inagglutinability comparable to O-inag-
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glutinability usually associated with the Vi
antigens(14). One difference may be noted
between the reaction of Vi and Er antigens in
their respective antiserums. With the former
the agglutination which occurs after 4 hours
at 37°C is frequently completely reversed
after several hours at 55°C. The Er antigen
which tends to agglutinate weakly at 37°C
may agglutinate more strongly in some anti-
serums at 55°C.

In S. typhosa the principal characteristic of ‘

rough strains appears to be the complete or
almost complete absence of the IX, XII so-
matic antigens. All rough strains examined
in this laboratory to date and meeting this
requirement have possessed both the Vi and
Er antigens. Agglutination and adsorption
tests with an antiserum prepared from S,
typhi 6S. rough” showed that the Vi and Er
antigens were the only major somatic com-
ponents of this strain. Saline suspensions of
agar slant cultures of this strain while ex-
hibiting no spontaneous agglutination after 2
hours at 37°C and 18 hours at 55°C were
completely agglutinated after one hour in a
boiling water bath. Saline suspensions of P.
coliforme 121 which possessed a strong Er
but no Vi antigen behaved in the same
manner at 37°C, 55°C and 100°C. However,
P. coliforme 121 completely lost the Er anti-
gen when after numerous platings an ex-
tremely rough variant was established.
Finally the presence of the Vi and Er anti-
gens in an organism is definitely associated
with the opaque colonial form while their ab-
sence is associated with the translucent colony.
Arkwright(15) early in his work on the
smooth to rough transformation pointed out
the tendency of the smooth colony variants
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to be translucent and the rough to be opaque.
With both the Vi and Er antigens the asso-
ciation with colonial form is not absolute and
exceptions do occur. Whether the acquisition
of the Vi antigen is a preliminary stage in
the smooth to rough transformation with the
acquisition of the Er antigen a definite step
in that direction cannot be answered at this
time. In any event the Er antigen is im-
portant in itself from a diagnostic viewpoint
since strains of many enteric bacteria con-
taining the Er antigen may be reported as
Vi positive. As previously pointed out(16)
so called “single factor” or ‘“pure typing
serums” lend a false sense of security to diag-
nostic bacteriology and too much reliance is
often placed on agglutination tests in such
serums. A simple adsorption test usually will
differentiate between the Vi and Er antigens
but the Er antigen may vary both quantita-
tively and qualitatively in different cultures
and even in the same culture upon different
occasions.

Specific designation (Er) is given to the
antigen under discussion only because of its
frequent association with the Vi antigen in
enteric bacteria, particularly the Salmonella
group.

Conclusions. 1. In some Enterobacteriaceae,
particularly S. typhosa, a rough antigen (Er)
has been found associated with Vi. 2. As with
Vi, heat and/or alcohol dissociates the Er
component from the cell and the free antigen
can be used to produce Er antibodies in rab-
bits or to inhibit agglutination of cultures
possessing this antigen by Er antiserum. 3.
Like Vi the presence of the Er antigen is as-
sociated with the opaque colonial form while
its absence is associated with the translucent
form.
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