304

60-C, and 65°C respectively the diminution

in complement fixation was closely paralleled

by the decrease in clotting activity.
Conclusions. These results give further

C. diphtherige, MINIMUS TYPE

evidence of the correlation between clotting
and complement activity and indicate that
antigens possessing thromboplastic activity
may give nonspecific complement fixation.
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A Note on the Relationship Between the Intermedius and Minimus Types
of C.diphtheriae*

MARTIN FROBISHER, JR.
From the Department of Bacteriology, Johns Hopkins School of Hygiene and Public Health,

Baltimore, Md.

Frobisher' and Eller and Frobisher® de-
scribed bacteriologically and epidemiological-
ly an outbreak of diphtheria in Baltimore
and called attention to 2 hitherto undescribed
types of diphtheria bacilli. One of these is
a virulent saccharose-fermenting variety. The
other, with which the present communication
deals, is characterized by the following special
properties: (a) the production, on the cystine-
tellurite agar, used routinely in these labora-
tories and previously described,® of very small,
often hardly visible colonies that are always
flat, but which may be either rough or smooth;
(b) failure to ferment dextrose promptly (i.e.,
within 48 hours at 37°C), when first isolated.
In the article referred to,! attention was also
called to the fact that other small-colony
strains of diphtheria bacilli were encountered
during the epidemic described but that the
term minimus type was reserved for the mi-
nute-colony strains which failed to ferment
dextrose as do strains ordinarily encountered
in Baltimore and tested under the same con-
ditions.

It is well known that small-colony types
of C. diphtheriae are not uncommon. Such
forms have been described by Corbett and
Phillips,* Morton,® and Mittag.® However,
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failure to ferment dextrose by such forms has
not been described previously and it seemed
desirable to designate so distinctive a variety
by a special name, following the example
of Anderson et al.” Since publishing this
description several workers, in personal com-
munications, have suggested that the minimus
tvpe is in reality identical with the intermedius
type described by Anderson et al. It is the
purpose of this note further to clarify the
status of the minémus type among other small-
colony types.

First, as to colony form, the original de-
scription of the intermedius-type colony states
that the colonies are small as are those of
the mitis type. In other respects the organ-
isms of the intermedius type are closely similar
to the mitis type except that in broth cultures
the intermedius type produces a granu-
lar sediment, rather than a smooth turbidity
like the typical mitis strains. In this respect
the intermedius strains are also like the mini-
mus strains. No pictures of the intermedius
colonies were shown in the original article,’
but colored plates were presented which il-
lustrate the gravis and mitis colonies. In a
monograph by Dudley® a similar colorplate
shows intermedius colonies and these are not
at all like colonies of the minimus type.
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Second, no mention was made by Anderson
et al” of unusual fermentative properties of
the intermedius type as originally described.
It was stated by those workers that the
fermentation reactions of the intermedius type
were normal, i.e., mitis-like. This is definitely
unlike the minimus type. It would appear
then, that intermedius and minimus strains
are 2 distinct varieties of small-colony types
of diphtheria bacilli.

In order to clarify still further the differ-
ence between the intermedius and minimus
types several strains of each were cultivated
side by side on the same Petri plates and
in tubes of dextrose broth all made from the
same lot of medium and inoculated at the
same time. It was our good fortune to be
able to make such a comparison due to the
kindness of Dr. J. W. McLeod, of the Uni-
versity of Leeds, in sending us some time
ago (1936), a collection of gravis, mitis, and
intermedius strains, The growth on the slants
as originally received from England was sus-
pended at that time in a few drops of de-
fibrinated rabbit’s blood and immediately
desiccated. They remained undisturbed for 10
years. This technic and its value have recently
been described by Frobisher, Pai and Hakim.?
In February 1946, the 10 intermedius strains
from Leeds were taken from the vacuum jar,
transferred to blood-dextrose broth to revive
them and, when growth had developed (24
hours at 37°), each of 10 plates of cystine-
tellurite agar was streaked on one-half of its
surface with one of the 10 cultures. The
other half of each plate was inoculated in
exactly the same way with one of 5 minimus
strains which had been desiccated in exactly
the same manner as the English strains, but
for only a few months. Simultaneously, tubes
of heart-infusion broth containing 1% dex-
trose were respectively inoculated with one
drop of a broth culture of each of the 15
cultures being compared.

After the usual period of incubation (48
hours at 37°) the growth on the plates was
examined. On 4 of the plates there was no
difference between the minimus cultures and
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those labeled intermedius. On the other 6
plates thé intermedius colonies were larger,
more raised, darker, smoother and more
glistening, i.e., clearly more mitis-like than the
minimus colonies. A differentiation between
the 2 types of growth could easily be made
with the unaided eye. However, both would
certainly be classed as dwarf- or small-colony
variants.

The point of particular interest was that,
on examining the dextrose broth the minimus
cultures and the 4 Leeds cultures the colonies
of which were of the minimus type, were found
to have remained alkaline. No fermentation
occurred during 7 days of incubation. The
6 cultures from Leeds the colonies of which
were more mitis-like, had produced marked
acidity in 48 hours. It was clear that of the
10 Leeds strains, all were definitely of the
small-colony variety, but 6 were of the type
known as intermedius, whereas the other 4
were of the type we have designated minimus.

The question of growth in the broth tubes
requires some discussion. The minimus strains,
whether from Leeds or Baltimore, do not grow
as luxuriantly on any media so far tested,
as do the mitis, gravis, indeterminate, or inter-
medius strains, This is doubtless a refle:tion
of their small-colony formation on solid media.
However, they grow sufficiently in broth so
that one would reasonably expect dextrose to
be fermented were the organisms capable of
doing so. After several subcultures on arti-
ficial media they acidify dextrose broth and
then grow more vigerously, but they still grow
as sparsely cn media not containing dextrose.
Their failure to acidify dextrose broth im-
mediately after isolation is in contrast with
cther strains; a distinctive feature, whatever
its explanation.

Summary. A comparative study was made
of intermedius-type strains of C. diphtheriae
obtained from Dr. J. W. McLeod, Leeds, Eng-
land and minimus-type strains described by
Frobisher in Baltimore. The minimus type
was found to be a distinct colony variant and
was differentiated from strains described as
intermedius by Anderson, ef al. Other small-
colony variants have also been found differing
from both the intermedius and minimus types.



