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A New Differential Medium for Enteropathogenic Vibrios and
Other Gram-negative Intestinal Organisms

by SHU-TAO Hsu, CHUNG-HO Liu and CHI-LIEH LIAO, Taiwan Serunm Vaccine Laboratory,
Shilin, Taipei, Taiwan

Differential tube media for the rapid biochemical
differentiation of cholera vibrios have not been
described as yet. A study of the available literature
shows that most authors who use a differential tube
medium for the primary or preliminary identifica-
tion of vibrios are employing such media as those of
Russell, Kligler or even Krumwiede, which are
widely utilized in the differentiation of salmonellae
and shigellae. These media have a somewhat lower
pH than is required for the rapid growth of vibrios.
While enteropathogenic vibrios will grow at pH 7.5,
to which the above tube media are adjusted, they
prefer a more alkaline milieu.

Salmonellae and shigellae are differentiated chiefly
by their inability to decompose lactose and sucrose.
Vibrio cholerae and the El Tor strains differ from
these enterobacteriaceae in that they rapidly
ferment sucrose, and in that mannose is decomposed
by them. While few data are available on the
fermentation of mannose in standard texts,a, b, c

it is generally recognized that sucrose is not decom-
posed by shigellae, except slowly by Sh. sonnei, nor
is it decomposed by salmonellae, Arizona or Pro-
videncia organisms. Sucrose is fermented by
klebsiellae, Aerobacter, often by protei but irregularly
by Citrobacter and haffniae. Hydrogen sulfide is
formed by most salmonellae, Arizona, Citrobacter
and protei but not by shigellae, escherichiae,
klebsiellae, Aerobacter, haffniae, and cholera vibrios.
Thus it seemed feasible to compose a medium to
contain sucrose, mannose and a ferrous indicator
of hydrogen sulfide formation for the rapid differen-
tiation of V. cholerae and El Tor organisms. This
medium was called the " M-S agar ".
The medium was made up as follows:
Mannose .... 1 g
Sucrose .... 10 g

a Kauffmann, F. (1945) Die Bakteriologie der Salmonella-
Gruppe, Copenhagen, Munksgaard.

b Edwards, P. R. & Ewing, W. H. (1962) Identification
of enterobacteriaceae, Minneapolis, Burgess.

c Buxton, A. (1957) Salmonellosis in animals, London,
Commonwealth Bureau of Animal Health.

Ferrous sulfate (FeSO4. 7 aq.) . . 0.2 g
Sodium thiosulfate (Na2SO3. 5 aq.) . 0.08 g
Sodium sulfite (Na2SO3) .... . 0.4 g
0.2% Phenol red . . . . . . . . 10 ml
1.5% Nutrient agar . . . . . . . 1000 ml

After melting, the pH was adjusted to 8.0. The
medium was put in tubes, sterilized for 15 minutes
at 1150C, and left to solidify at a semi-slant.
The agar content had to be adjusted according to

the batch of agar used to make the medium.
The tubes were inoculated by a stab to the bottom

of the tube and then by streaking the surface of the
slant with the material remaining on the needle.
Mannose fermentation was identifiable by a

yellow butt and, if gas was formed, by its appearance
along the butt and breaks in the medium. Sucrose
decomposition was identifiable by a yellow slant.
Hydrogen sulfide formation revealed itself by black
discoloration of the stab.
Some 300 El Tor strains and five " true" cholera

vibrios were inoculated into this medium. All of
them produced an acid (yellow) butt and slant
without hydrogen sulfide or gas formation within
six hours. After 24 hours some tubes showed a
reversal of the acidity due to the strong alkali forma-
tion by the vibrios.
Most salmonellae used in the Taiwan laboratory

acidified the butt but not the slant and, except with
Salm. typhi, gas was formed. Hydrogen sulfide was
commonly present. Shigellae resembled entero-
pathogenic vibrios in failing to produce gas from
mannose and failing to form hydrogen sulfide, but
sucrose was not fermented by them and the slant
remained red. The protei tested by us did not
ferment mannose or sucrose, but produced hydrogen
sulfide, the medium turning black; the butt and
the slant remained red, however. Esch. coli readily
produced gas bubbles. The table shows the
essential characteristics of the reactions observed
during these experiments.
A great advantage of this medium is the rapidity

of the changes taking place after even a short
(6-hour) incubation. Final results may be read
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DIFFERENTIATION OF SOME ENTEROPATHOGENIC
ORGANISMS WITH THE AID OF THE M-S AGAR

M-S agar-
Organisms

Slant Buft H2S formation

V. cholerae incl.
El Tor strains Yellow Yellow, no gas None

Salm. typhi Red Yellow, no gas Blackening

Other salmonellae Red Yellow, gas Mostly blacken-
ing

Shigellae Red Mostly yellow,
no gas None

after 24 hours, but it is not recommended to post-
pone observation of the media longer because of the
reversal of some reactions after prolonged incuba-
tion.

The medium was very useful in the study of Vibrio
colonies which did not give a clear-cut result-or
gave no result-in slide agglutination tests with
specific Ogawa and Inaba sera when lifted from the
plate streaked with the original specimen. The
outbreak of El Tor infection in Taiwan in 1962 was
accompanied by the appearance of numerous
vibrios which were only partly or not at all agglutin-
ated by specific Ogawa and Inaba sera. Such
strains warranted further study and the M-S agar
permitted us to differentiate them rapidly and with
ease from other enteropathogens as well as from
most non-pathogenic stool organisms.

* *

The authors wish to express their heartiest thanks to
Dr 0. Felsenfeld for his kind comments on and revision
of this article.

Leishmaniasis in the Sudan Republic: Recent Results"'

by HARRY HOOGSTRAAL andDONALD R. DIETLEIN, United States Naval Medical Research Unit Number Three,
Cairo, Egypt, UA R, and Malakal, Upper Nile, Sudan

Recently in this Bulletin we summarized the
findings, covering the period up to the end of 1962,
of the Sudan Sub-unit of the United States Naval
Medical Research Unit Number Three (NAMRU-3)
in its study of the epidemiology of leishmaniasis in
Upper Nile Province, Sudan.a The purpose of the
present report is (1) to bring these data up to date to
the end of 1963, and (2) to compare the epidemio-
logical patterns of kala-azar in Upper Nile Province
and in Kenya, the only two African areas in which
these patterns have thus far been elucidated.

Man-biting sandflies
Results of the 1963 field season (March to June)

were markedly affected by early high winds and

* From Research Project MR005.09-1603.1, Bureau of
Medicine and Surgery, Navy Department, Washington, D.C.,
USA. The opinions and assertions contained herein are the
private ones of the authors and are not to be construed as
official or reflecting the views of the Navy Department or the
naval service at large.

t This paper is No. 20 in a series entitled " Leishmaniasis
in the Sudan Republic".

a Hoogstraal, H., Heyneman, D., Dietlein, D. R., Browne,
H. G., Reid, T. P., Van Peenen, P. F. D., Saber, A. H. &
Rohrs, L. C. (1963) Bull. Wld Hith Org., 28, 263.

early rains, which started in the first week of May
and considerably curtailed the period of effective
study on man-biting sandflies.

In 1961 and 1962, Phlebotomus (Phlebotomus)
orientalis Parrot was practically the only man-biting
sandfly species found in acacia forests and in hamlets
in or adjacent to such forests.b Our results in 1963
corroborated the finding that P. orientalis is the
chief man-biting species in forests consisting of
Acacia seyal or of A. seyal mixed with Balanites
aegyptium. Late in the dry season, between March
and June, when P. orientalis is more or less evenly
distributed throughout these wooded areas, it
appears to be one of the most common insect species
in this habitat. In 1963, Phlebotomus (Phlebotomus)
heischi Kirk & Lewis (1950) c was also taken in the
same localities and at the same period of the year
(1 March to 2 May). Altogether 302 of the 4073
man-biting sandflies collected for the continuing
study of natural infection rates represented P. heischi

b Hoogstraal, H. & Dietlein, D. R. (1963) Amer. J. trop.
Med. Hyg., 12, 165.

c Kirk, R. & Lewis, D. J. (1950) Proc. roy. ent. Soc. Lond.,
B 19, 11.
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