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A DOUBLE SUGAR MEDIUM 

FOR THE CULTURAL DIAGNOSIS OF INTESTINAL 
AND OTHER BACTERIA 

Arthur I. Kendall and Marijorie Ryan 

From the Patten Research Laboratory, Northwestern University Medical School, Chicago. 

The interest and importance which is associated with the study of 
intestinal infections and intestinal bacteria has led to a careful survey 
of the distribution of intestinal microbes in the feces in health and 
disease. One of the striking results of the exploration of this field is 
the demonstration of bacillus carriers ? apparently normal individuals 
who harbor and excrete, regularly or intermittently, pathogenic 
organisms. 

The recognition of bacillus carriers is quite as important from the 
point of view of public health as the identification of bacteria in frank 
acute infections. The list of organisms which incite specific disease 
and which may occur in the intestinal or urinary tracts of bacillus 
carriers is a formidable one, including the cholera, typhoid, bacillary 
dysentery and paratyphoid groups of organisms. Probably Bacillus 
alcaligenes and the Morgan bacillus should be regarded as occasional 
causative agents in this type of disease as well. The problem con- 
fronting the diagnostic laboratory is the isolation and identification of 
members of this intestinal group from material containing large num- 
bers of normal intestinal types of organisms. 

The identification of typhoid and paratyphoid bacilli in the urine 
of suspected carriers is relatively simple, although Bacillus coli and 
Bacillus proteus, frequent incitants of cystitis, are not infrequently 
present in large numbers at the same time. 

Material submitted for the identification of pathogenic intestinal 
bacteria may offer no definite clue as to the organisms present and 
the problem clearly resolves itself into the identification or exclusion 
of all organisms that may reasonably be sought for. When consider- 
able numbers of samples are studied at the same time, the amount of 
labor involved is great, and any procedure which will lessen the time 
and work, consistent with accuracy, is highly desirable. The method 
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commonly used is to isolate colonies from Endo plates and establish 
their identity by agglutination with specific serum. Where small 
numbers of organisms are involved, this is very rapid and satisfactory. 
The entire process, using the rapid method of Kendall and Day,1 may 
require less than 24 hours. This method is impracticable when large 
numbers of organisms await identification, however, and an additional 

weeding out of nonspecific organisms is necessary before agglutination 
is practiced. 

So-called "slow" strains of B. coli, which fail to ferment the lactose 
of Endo plates, certain strains of streptococci and B. proteus, are 

among the organisms to be eliminated before the agglutination test 
is made. "Slow" colon bacilli usually ferment lactose when they are 
transferred to suitable mediums from the Endo plate, and many strains 
of streptococci which produce colorless colonies on this medium fer- 
ment readily on a retransfer to lactose or saccharose mediums. The 

employment of suitable diagnostic mediums as an adjunct to the Endo 

plate, provided the time element is not disproportionately increased, 
therefore, is clearly advantageous. 

Russell2 made a noteworthy contribution to the subject by the 
introduction of the double sugar medium. The Russell medium con- 
tains the usual protein ingredients of nutrient agar, and, in addition, 
O.l^o dextrose and Ifo lactose. Litmus is added as an indicator and 
the medium is slanted before inoculation. The culture is smeared on 
the surface, and implanted deep into the butt of the tube with the 
needle. 

Organisms, as B. alcaligenes which ferments no sugars, yield a blue 
or blue-violet uniform growth. Those, as typhoid and dysentery bacilli, 
which ferment glucose but not lactose, develop acidity in the depths of 
the medium leaving the surface unchanged in color, or slightly more 
alkaline. Bacteria which ?form gas from glucose but not from lactose 
produce gas bubbles in the depths, leaving the upper surface of the 
slant practically unchanged in color and appearance. Lactose fer- 
menters color the entire medium red, and, if they produce gas, fill it 
with gas bubbles as well. 

Since the Russell medium was published, new double and triple 
sugar mediums have appeared,3' 4 which have added materially to the 

i Jour. Med. Research, 1911, 20, p. 95. 
2 Jour. Med. Research, 1911, 25, p. 217. 
8 Kligler and Defandorfer: Jour. Bacteriol., 1918, 3, p. 437. 
4 Krumwiede and Kohn: Jour. Med. Research, 1917, 37, p. 225. 
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rapidity of cultural diagnosis of special organisms. The use of the 
Andrade indicator,5 which is fuchsin decolorized by NaOH, has been 
found much more satisfactory than litmus as an indicator of acid for- 
mation by bacteria. Obviously, the Endo indicator would be prac- 
tically as efficient except for the fact that it is more sensitive to light. 
For this reason the Andrade indicator is advantageously substituted for 
the original Endo indicator in the Endo medium. 

The carbohydrates of importance in the cultural identification of 
intestinal organisms are glucose, lactose and saccharose, and the alco- 
hol mannitol. Table 1, which summarizes the reactions of the more 

important pathogenic organisms and those of the normal intestinal 
tract likely to be confused with them, shows this schematically: 

table i 
Pathogenic and Nonpathogenic Organisms Commonly Found in the Intestinal Tract 

Name Glucose Lactose Saccharose Mannitol 

B. Alcaligenes* 
B. dysenteriae Shiga.... 
B. dysenteriae Flexner.. 
B. dysenteriae Strong... 
B. typhosus 
B. No. 1 Morgan 
B. paratyphosus A 
B. paratyphosus B 
B. coli A 
B. coli B 
B. proteus 
Vib. cholera 
Streptococcus 

+ 
+ 
+ 
+ 
g 
g 
g 
g 
g 
g 
+ 
+ 

* Explanation: ? ^r alkaline reaction, no fermentation; 4- -zz acid reaction, fermentation 
without gas; g zr acid reaction, gaseous fermentation. 

The Russell medium distinguishes clearly between the glucose- 
acid, glucose-gas, and lactose-acid and lactose-gas producing strains. 
The utilization of another double sugar containing saccharose V/o, and 
mannitol OA^c, while not adding materially to the amount of work 

involved, distinguishes between the various saccharose acid and gas, 
and the mannitol acid and gas producers, thus materially increasing 
the definiteness of cultural diagnosis and reducing somewhat the 

necessity for final agglutination with specific or polyvalent serum. 

The reactions of the various organisms on the double sugars are 

given in Table 2. 

B Abstract of Sanitary Reports, Pub. Health and Mar. Hosp. Ser., 1895, 10, p. 679. 
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Preparation of Saccharose?Mannitol Medium.?Nutrient agar, containing 
2.5(^ agar, is prepared in the usual manner, and the reaction is adjusted to such 
a degree that the color, when the Andrade indicator is added, is faintly pink 
when hot. It is extremely important to weigh the mannitol exactly. 

Andrade Indicator*?A half of Ifo aqueous solution of aci'd fuchsin is 
carefully treated with 1(^ caustic soda until the color is just discharged. 
The solution may be sterilized in the Arnold or in the autoclave. One per 
cent, of this solution is added to the medium, which has been previously 
titrated to the neutral point of this indicator. The Andrade indicator may be 
sterilized with the medium without impairing its tinctorial value or injuring 
the nutritive properties of the medium. The medium is slanted in the usual 
manner, using a sufficient quantity to make the butt at the point where the 
slanted surface begins about 1 cm. in depth. The medium so prepared is 
colorless or very faintly pink when cold. 

TABLE 2 

Reactions of the Various Organisms on Double Sugars 

Name 
Q.1% Glucose 
17o Lactose 

Butt Slant 

0.17o Mannitol 
l^o Saccharose 

Butt Slant 

B. alcaligenes 
B. dysenteriae Shiga... 
B. dysenteriae Flexner, 
B. dysenteriae Strong. 
B. typhosus 
B. No. 1 Morgan 
B. paratyphosus A 
B. paratyphosus B 
B. coli A 
B. coliB 
B. proteus 
B. cholerae 
Streptococcus 

Explanation: c = colorless (no fermentation); r r^ acid fermentation, red color in butt 
of tube or on slanted surface; g zz red and gas bubbles, gaseous fermentation. 

Inoculation is practised both on the slanted surface and in the 

depth of the medium with a rather long platinum needle. 
This saccharose-mannitol medium and the Russell glucose-lactose 

medium together give the fermentation reactions of the pathogenic and 

nonpathogenic intestinal bacilli in the four carbohydrate mediums of 

diagnostic importance for this group, thus reducing the amount of 
time and material required one-half. The indications resulting from 
the fermentation reactions lead directly to the agglutination of the 

organisms with specific or polyvalent serums in the usual manner for 
confirmation. The condensation water of the glucose-lactose medium 
is favorable for this purpose. 

* Andrade (Jour. Med. Research, 1906, 14, p. 551) states that 0.0001 gm. of KOH 
unites with 0.005 gm. of Grubler's acid fuchsin. The indicator is very sensitive to acid. 
0.00003 gm. responds to 0.001 gm. pure HC1 by the production of a distinct red color. 
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summary 

A new double sugar medium is described which affords a rapid, 
accurate and convenient means for determining the fermentation 
reactions of bacteria simultaneously in saccharose and mannitol. 

The mannitol must be weighed accurately. An excess above OA^o 
of this alcohol will lead to the development of an excessive acid reac- 
tion, with mannitol fermenting organisms, which will permanently 
color the entire surface of the slanted area. 

The reaction of the medium must be carefully adjusted to the 
point of extinction of color of the acid fuchsin. 

The Russell double sugar medium and the medium described here 
will give all the essential fermentation reactions of the important intes- 
tinal bacteria of pathogenic importance. 

Confirmatory agglutination with appropriate serum can be readily 
carried out, using the culture in the condensation water of the Russell 
glucose-lactose tube, as the source of the culture. 

The double sugar mediums can be advantageously applied to the 
cultural diagnosis of aerobic bacteria in general. 
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