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In preceding articles, Duffett (1933) and Hall and Duffett
(1935) identified von Hibler's "Bacillus VI" (1908) with Bacillus
carnis (Klein, 1903, 1904) and indicated the differentiation of this
organism from Bacillus fallax (Weinberg and Seguin, 1915).

B. fallax, first described under the designation "Bacille A"
in 1915 by Weinberg and S6guin from a fatal case of gaseous
gangrene where it was associated with "V. septique" and "B.
oedematiens," was isolated altogether four times from their 125
cases (1916). Since that time, isolation of B. fallax has been
recorded by Weinberg and S6guin (1917), Henry (1917), Henry
and Lacey (1920) from wounds in cases of gaseous gangrene, by
Kendall, Day and Walker (1922) from intestinal contents, by
Duthie (1924) and Weinberg, Renard and Davesne (1926) from
cases of appendicitis, by Mutch and Mutch (1927) from chronic
arthritis, and, according to Weinberg and Ginsbourg (1927), by
Weinberg and Aynard from a case of blackleg in sheep. In addi-
tion, Stokes (1916) obtained anaerobic bacilli, from blood cultures
in cases of septicemia following wound infections, which Robert-
son (1929) identified as B. fallax.

It is to be noted that the name "Bacillus fallax" as used by
Ornstein in 1920 for a Gram-negative, aerobic, intestinal bacte-
rium is invalid on the ground of priority. The writer has exam-
ined a culture of Ornstein's "Bacillus fallax" and found it to be
closely related to, if not identical with, Bacterium typhosum.

In 1917 Weinberg and S6guin concluded from the description
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of "Bacillus VI," as given by von Hibler (1908), that it was
impossible definitely to distinguish "Bacillus VI" from B. fallax,
or to identify them. It was the purpose of this brief investigation
of B. fallax to show that it is a separate species from B. carnis.

Since the various reported strains of B. fallax were not available,
Hall's B. fallax No. 254 (American Type Culture Collection No.
3519) was studied as a type strain, as it was one of Weinberg's
four original strains.
The following descriptions of morphology and cultural proper-

ties of B. fallax agree with those given by Weinberg and S6guin
(1915, 1917), Henry (1917), Bulloch et al. (1917), Kahn (1922),
Kendall, Day and Walker (1922), Duthie (1924), Mutch and
Mutch (1927), and Robertson (1929), except where specific excep-
tions are noted.

MORPHOLOGY

In young cultures the bacilli were Gram-positive, but tended
to become Gram-negative in older cultures. The rods were
straight or slightly curved and had pointed ends. The bacilli
measured 0.6 micron in width by 1.7 to 5.2 microns in length.
The average dimensions were 0.6 micron in width by 2.8 microns
in length. It may be noted that Duthie found the organisms to
be only 0.1 to 0.4 micron in width. Sluggish motility was observed
in coverslip preparations of 24-hour liquid cultures. Figure 1,
plate 1, shows two bacilli with peritrichous flagella stained by
Bailey's (1930) method in a mount from a 22-hour culture on
blood agar slant under alkaline pyrogallol. Morphologically, B.
faUlax was very similar to B. carnis, except that B. carmis had
rounded ends.

Spore formation occurred only in mediums not containing an
excess of fermentable carbohydrates. Mature refractive spores
were seldom seen even in old cultures, but solidly staining orgonts
were observed regularly in small numbers on blood agar slants
under alkaline pyrogallol, when stained with the ordinary aniline
dyes after 48 hours incubation at 370C. They were usually
subterminal, but frequently central and occasionally terminal,
and always much larger in diameter than the rods.
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Figure 2, plate 1, shows vegetative rods and orgonts of B. fallax,
from such a culture, solidly stained by Gram's method.

Spores of B. carnis were produced in greater numbers under
identical conditions. They were usually refractile, were nearer
the ends of the rods, and swelled the rods less. Cultures of both
species were boiled for 2 minutes at 940C. without destruction of
the spores. Weinberg and S6guin found spores in only one of
their four strains of B. fallax, but recorded no observations as to
their resistance to heat.

CULTURAL PROPERTIES

Upon incubation of this organism at 370C., growth in various
anaerobic mediums and devices used in this laboratory (Hall,
1932) appeared in from 24 to 48 hours, as it did with B. carns.
Visible growth of both species failed to appear at 200C. until after
three or more days. In contrast to B. carnis, B. fallax failed to
grow aerobically on any medium; B. fallax is an obligate
anaerobic.
Deep brainmedium containing iron wire. Turbidity and gas were

produced in 24 hours incubation. There was no blackening or
production of tyrosine crystals in 60 days. In these respects
there was no difference between B. fallax and B. carnis. Henry
(1917), however, reported the blackening of a meat medium by
B. fallax.

Glucose broth in constricted tubes with marble seals. Turbidity,
acid, and gas were produced by both species on 24 hours incuba-
tion. Many of the cells had settled to the bottom of the tube
after 48 hours.

Gelatin in constricted tubes. Turbidity and gas were produced
by both species in 24 hours, without liquefaction of the medium
even in 30 days.

Blood agar under alkaline pyrogallol. Dew-like colonies of
both species developed in 24 hours. The colonies of B. fallax
increased in size to 1 to 1.5 mm. in diameter in 48 hours, and
became slightly raised and irregular in shape. On further incu-
bation, the colonies became opaque. The B. fallax colonies were
found to be unlike those of B. carnis in that they were non-
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hemolytic and never tended to round up into pearly beads or to
become confluent. Figure 3, plate 1, shows colonies of B. fallax
on a blood agar slant under alkaline pyrogallol after 96 hours
incubation. On 1 per cent glucose blood agar the colonies were
similar to those on plain blood agar. They remained non-
hemolytic.
Milk in constricted tubes. Both species produced gas in 24

hours, but B. fallax, in contrast with B. carnis, definitely coagu-
lated the casein in about 7 days; neither digested the casein
within 30 days.
Deep 1 per cent agar. Minute lenticular colonies appeared with

both species in 24 hours. There was some production of gas.
B. fallax never showed outgrowths such as were seen with B.
carnis, and the colonies were always much smaller and more
compact. I have not seen the "coeurs jaunes" colonies described
and illustrated by Weinberg and S6guin (1917). Figures 4 and 5,
plate 1, show 8-day-old colonies in deep methylene blue (1: 100,-
000) agar. Figure 6 shows a similar colony of B. carnis for
comparison. This particular colony was taken from agar contain-
ing no methylene blue. The dye had no effect upon the size and
shape of the colonies.

Difco "Bacto-tryptone." No indol was detected with either
species in 24-to 96-hour cultures in 1 per cent solutions of "Bacto-
tryptone" in distilled water in constricted tubes by the Ehrlich-
Bohme and Gor6 tests as recommended by Conn et al. (1932).

Fermentative reactions. There is general agreement that B.
fallax ferments glucose, galactose, levulose, mannose, maltose,
sucrose, raffinose, and xylose and that it does not ferment dulcitol,
sorbitol, glycerol and inositol. Both fermentation and nonfer-
mentation of lactose, arabinose, salicin, mannitol, dextrin, starch,
and inulin have been reported. Kahn (1922) found that rham-
nose and amygdalin were not fermented.
My attempts to determine the fermentative reactions of B.

fallax showed that glucose, galactose, levulose, mannose, maltose,
lactose, sucrose, raffinose, xylose, rhamnose, arabinose, salicin,
amygdalin, mannitol, and dextrin were fermented, and that
starch, inulin, dulcitol, sorbitol, glycerol, and inositol were not
fermented.
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Discordant results in the reports of the various workers are
probably due to the difficulty of obtaining growth in the mediums
used, and to the possibility that the various strains were not
identical with the type strain described by Weinberg and Seguin
and studied by the author.

It is to be noted that B. fallax fermented raffinose, xylose,
rhamnose, mannitol, and arabinose, in addition to the carbo-
hydrates fermented by B. carnis.

PATHOGENICITY

According to Weinberg and S6guin (1915, 1917), some recently
isolated strains of B. fallax were pathogenic for guinea pigs, but
this property disappeared upon artificial incubation. They also
found that a soluble toxin was produced. Duthie (1924) reported
that his strains were weakly pathogenic. Mutch and Mutch
(1927) observed their strain to be nonpathogenic for mice and
guinea pigs. However, they reported improvement of arthritic
patients when B. fallax was given as a vaccine.
The type strain studied here has shown no evidence of patho-

genicity in contrast to B. carnis which has remained pathogenic
36 years after isolation Subcutaneous injection of one cubic
centimeter of a 24-hour glucose broth culture of B. fallax failed
to produce any visible effects in guinea pigs weighing from 250 to
300 grams. Intravenous injection of one cubic centimeter of a
similar culture was nonpathogenic for a rabbit weighing 1550
grams No pathogenicity was encountered in the preparation
of an agglutinating serum in a rabbit weighing 1750 grams, in
contrast to the great difficulty encountered in preparing anti-
serums with B. carnis.

SEROLOGY

Agglutinating serums for B. fallax were prepared by Weinberg
and S6guin (1915, 1917), Duthie (1924), and Mutch and Mutch
(1927). These serums agglutinated the homologous strains, but
action on other strains was inconstant.

In order to sbow serologic differences between B. fallax and B.
carnis, anti-B. fallax agglutinating serum was prepared in a white
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rabbit weighing 1750 grams by the injection of a total of 19 cc.
of 2- to 3-day-old glucose-broth cultures over a period of 38 days.
No agglutinins for B. fallax were demonstrable in a 1:20 dilution
of the serum of the rabbit before the injections The initial dose
of 1 cc. was made intravenously. The remainder of the injections,
2 cc. each, were made subcutaneously. The rabbit was bled ten
days after the last injection and serum was obtained for aggluti-
nation tests.
The serum agglutinated B. fallax in all dilutions up to 1:1280.

It did not agglutinate any of the four strains of B. carnis at 1:20;
nor did 1 cc. of the serum protect against 0.05 cc. of a 24-hour
glucose broth culture of any strain of B. carnis Hall and Duffett
(1935) reported cross-agglutination between all of the four strains
of B. carnis. Serums used in those tests failed to agglutinate
B. faUax at 1: 20 or higher.

SUMMARY

Morphological, cultural, biochemical, pathogenic and sero-
logical differences between B. fallax and B. carnis have been
described.

B. fallax and B. carnis are separate and distinct species of
bacteria.

The author is indebted to Dr. Ivan C. Hall for cultures and
suggestions, to Miss Elizabeth O'Toole for the flagellar stain, and
to Mr. Glen Mills for the photographs.
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PLATE 1

FIG. 1. B. fallax with flagella stained by Bailey's method from a 22-hour cul-
ture on blood agar slant under alkaline pyrogallol. X 3300.

FIG. 2. Vegetative rods and orgonts of B. fallax stained by Gram's method
from a 48-hour culture on blood agar slant under alkaline pyrogallol. X 1000.

FIG. 3. Colonies of B. fallax on blood agar slant under alkaline pyrogallol
after 96 hours incubation. X 6.

FIGS. 4 AND 5. Colonies from 8-day culture of B. fallax in deep methylene
blue 1 per cent agar. X 10. Figure 5 shows a colony viewed edgewise.

FIG. 6. Colony from 8-day culture of B. carnis in deep 1 per cent agar. X 10.
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(Nicholas D. Duffett: Differentiation of B. Fallax and B. Carnis)


