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FOR MANY YEARS, differ-
entiating Candida albicans

and Cryptococcus neoformans
from other yeasts has been con-
sidered adequate characterization
of clinical specimens. It has be-
come increasingly obvious in re-
cent years, however, that other
species of yeasts are also impli-
cated in pathological conditions
and that a more definitive char-
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acterization of yeasts as etiolog-
ical agents is necessary.

The identification of yeasts re-
quires consideration of both
morphological and physiological
characteristics. The physiological
characterization is achieved by
differentiating the organisms ac-
cording tbWihe activity of urease,
the assdWftion of nitrate, and
the fernAmlitions and assimi14-
tions off6bhydrates.
The -Askiilation of carbohy-

drate& ig Wdrmined by the clas-
sic Wilyharm broth procedure
(1) or the,gar auxanogram pro-
cedurr,,j,8 generally conceded
that the4Vifterham procedure is
more sqei'ye than the compara-
ble agar, nogram techniques.

Prelin4inarHy studies in the lab-
oratory o?tie Proficiency Testing
Section have revealed that the
differential carbohydrate assimi-
lation patterns achieved by the

Wickerham broth technique can
be reproduced identically in
an oxidation-fermentation (0-F)
medium incubated under aerobic
conditions at 250C. In contrast
to the classic assimilation tests,
growth from the pure culture of
yeasts was stabbed into the semi-
solid 0-F medium with a straight
wire without the reqttiremetit for
starving the inocuhnl or tedious
dilution and adjustmnt proce-
dures. hottcation of the cbo-
hydrate-free basal medium failed
to show that acid production
from a carryover of a carbohy-
drate stubstrate in the itoctluiti
was a problem.

Materiat and Methods
The O-F medium used in our

study was devised originally for
characterization of bacteria (2)
by the late Elizabeth 0. King, of
the Center for Disease Control,
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and contains the following con-

stituents:
Bacto casitone, 0.2 gin.

Bacto agar, 0.3 gm.
Phenol red, 0.003 percent (0.2

ml. of 1.5 percent solution)
Water, 100 ml.
The medium is prepared by

dissolving the peptone in water
with the aid of heat and by care-

ful adjustment of the pH to 7.4.
Three-tenths gram of agar is
added and dissolved by heat. The
medium is autoclaved at 15

pounds pressure ( 1 21 'C. ) for 1 5
minutes. To aliquots of the sterile
melted basal medium are added
filter-sterilized carbohydrates to a

final concentration of 1.0 per-
cent.

In these studies, carbohydrate
mediums containing glucose,
maltose, sucrose, lactose, galac-
tose, melibiose, cellobiose, inosi-
tol, xylose, raffinose, trehalose,
and dulcitol were prepared in
tubes. This battery of carbohy-
drates is the same one used rou-

tinely in this laboratory in per-
forming the Wickerham carbohy-
drate assimilation tests. The me-

dium is placed in 5-ml. amounts
in 15- by 125-mm. tubes that are

then plugged with cotton.
During this study, the 0-F me-

dium described was found to be
preferable to the commercially
available 0-F medium of Hugh
and Liefson (3). The Hugh-Lief-
son medium contains the pH in-
dicator bromthymol blue, which
requires a larger amount of acid

Table 1. Comparison of Wickerham assimilation patterns with oxidation-fermentation (0-F) patterns in
Candida species

Organism and test procedure 1 Number Glu- Malt- Su- Lac- Ga- Meli- Cello- Ino- Xylose Raffi- Tre- Dul-
of strains cose ose crose tose lactose biose biose sitol nose halose citol

C. albicans:
Assimilation ............... + + +

0-F.......................
Assimilation ..............

0-F.......................
Assimilation ................

0-F.......................
C. tropicalis:
Assimilation ..............

0-F.......................
Assimilation ..............

0-F.......................
C. krusei:

Assimilation ..............

0-F.......................
C. parapsilosis:
Assimilation ..............

0-F.......................
C. guillermondii:

Assimilation ..............

0-F.......................
C. stellatoidea:
Assimilation ..............

0-F.......................
C pseudotropicaLis:
Assimilation ..............

0-F.......................
C. vini:

Assimilation ..............

0-F.......................
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_- - +
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I Assimilation +; growth density greater than or equal to I + turbidity by the Wickerham card method.
Assi*iaion -; growth density less than I+ turbidity by the Wickerham card method. 0-F +; oxidative production of

acid. 0-F w Mno acid prodction.
2 O-F, xylose oxidized; assimilation, xylose not utilized.
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2 +



than phenol red to register a
change in pH. The Hugh-Liefson
medium worked well with most
species of Candida since they
produce large amounts of acid;
however, we found that crypto-
cocci produced acid at a slower
rate and were unable to alter the
color of the indicator without
prolonged periods of incubation.

Results
Comparative studies with the

Wickerham assimilation broth and
the Center for Disease Con-
trol 0-F medium were performed
with reference strains and recent
clinical isolates that had been
identified and confirmed by the
classic assimilation and fermenta-
tion procedures (tables 1-3).
Complete correlation of carbohy-
drate assimilation and carbo-
hydrate oxidation was achieved

with the exception of one strain
of C. albicans. This organism,
which failed to assimilate xylose
in 21 days, oxidized the carbohy-
drate when the 0-F medium was
held for 14 days. The pattern of
carbohydrate utilization for the
various genera and species is also
seen in the tables.
A critical comparison of the

two procedures showed that
rapid, luxuriant growth in the as-
similation medium was accompa-
nied by rapid and intense pro-
duction of acid in the comparable
0-F medium, with development
of a bright yellow color. Simi-
larly, scant growth of the isolate
in the assimilation medium was
paralleled by weak production of
acid in the 0-F medium, demon-
strated by the development of
intermediate hues of orange and
yellow. Weak utilization of the

carbohydrates was definitely eas-
ier to interpret in the 0-F me-
dium, where most patterns
of carbohydrate utilization were
completed in 5 days. Because a
few strains exhibited delayed re-
actions, however, we recommend
holding the 0-F medium for 10
days.

Discussion
In this study, we directed our

attention to the oxidative assimi-
lation of carbohydrates by yeasts.
While the results of the carbohy-
drate fermentation studies are not
presented in the text, we feel that
the concept of fermentation of
carbohydrates by yeasts should
be clarified. The fermentative
capabilities of yeasts are deter-
mined in a conventional carbohy-
drate-peptone medium containing
an inverted Durham tube. Gen-

Table 2. Comparison of Wickerham assimilation patterns with oxidation-fermentation (0-F) patterns in
Cryptococcus species

Organism and test procedure 1 Number Glu- Malt- Su- Lac- Ga- Meli- Cello- Ino- Xylose Raffi- Tre- Dul-
of strains cose ose crose tose lactose biose biose sitol nose halose citol

C. neoformans:
Assimilation .+ + + - + - + + + + + +

15
0-F .+ + + - + - + + + + + +

C. albidus var. albidus:
Assimilation .+ + + + + - + + + + +

10
0-F .+ + + + + - + + + + + -

C. albidus var. diffluens:
Assimilation .+ + + - - + + + + +

2
0-F .+ + + - - - + + + + +

C. uniguttulatus:
Assimilation .+ + + - - - + + + + +

1
0-F .+ + + - - - + + + + +

C. terreus:
Assimilation .+ - - + + - + + + - + +

0-F .+ - - + + - + + + - + +
Assimilation .+ + - + + - + + + - + +

1
0-F .+ + - + + - + + + + +

C. luteolus:
Assimilation .+ + + - + + + + + + + +

2
0-F.... + + + - - + + + + + + +

1 Assimilation +; growth density greater thbm or equal
to 1 + turbidity by the Wickerham card method.

Assimilation -; growth density less than 1 + turbidity

by the Wickerham card method. 0-F +; oxidative pro-
duction of acid. 0-F -; no acid production.
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Table 3. Comparison of assimilation and oxidation-fermentation (0-F) patterns in other yeasts encoun-
tered in the clinical laboratory

Organism and test procedure I Number Glu- Malt- Su- Lac- Ga- Meli- Cello- Ino- Xylose Raffi- Tre- Dul-
of strains cose ose crose tose lactose biose biose sitol nose halose citol

Torulopsis glabrata:
Assimilation................

0-F.......................
Saccharomyces cerevisiae:

Assimilation................

+
9

+

2
0-F.......................

Prototheca wickerhamii:
Assimilation................

0-F.......................
Trichosporon cutaneum:
Assimilation................

0-F.......................
Trichosporon inkin:
Assimilation................

0-F.......................
Rhodotorula rubrum:

Assimilation................

0-F.......................
Geotrichum candidum:

Assimilation................

0-F.......................
Trichosporon capitatum:
Assimilation................

0-F.......................
Trichosporon pullulans:
Assimilation................

0-F.......................
Trichosporon penicillatum:
Assimilation................

O-F.......................
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' Assimilation +; growth density greater than or equal
to 1 + turbidity by the Wickerham card method.

Assimilation -; growth density less than 1 + turbidity

by the Wickerham card method. 0-F +; oxidative pro-
duction of acid. 0-F -; no acid production.

eration of gas during alcoholic
fermentation is an important tax-
onomic criterion. Fermentations
that do not produce gas (for ex-
ample, acidic fermentations) are
not considered in the classifica-
tion of yeasts.

In determinations of carbohy-
drate assimilations by yeasts, use
of the classic Wickerham assimi-
lation technique is cumbersome
for the average laboratorian. Pre-
liminary starvation of the yeast
inoculum is required or, at the
very least, preparation of a di-

luted yeast suspension adjusted
to a prescribed density. To fur-
ther complicate matters, growth
resulting from the presence of
contaminating sugars in some
carbohydrates (for example, free
glucose in maltose) can confuse
interpretation of the assimilation
tests. Some growth of Torulopsis
glabrata in maltose assimilation
broth has been observed on occa-
sion in this laboratory.

Parallel studies with the 0-F
medium have failed to reveal
that the presence of contaminat-

ing sugars is a problem. If some
growth occurred in the conven-
tional maltose assimilation broth,
the same sugar failed to give rise
to discernible acid production in
the 0-F medium. The amount of
acid produced from the contami-
nating sugar was insufficient to
produce a color change in the
0-F medium.
We find these results encour-

aging enough to warrant the at-
tention of laboratorians who rou-
tinely perform assimilations of
carbohydrates. Stabbing the 0-F
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medium directly from a pure
yeast culture is not as time con-
suming as either starving the
yeasts or making a dilute yeast
suspension and adding 0.1 ml. of
t'he suspension to the assimilation
broths. The development of yel-
low in the 0-F medium as com-
pared with the degree of turbid-
ity in a Wickerham assimilation
broth is easier to interpret vis-
ually for the utilization of a car-
bohydrate.

Another advantage of the 0-F
medium benefits the laboratorian
who performs both bacteriologi-
cal and mycological investiga-
tions. The 0-F medium that we
have reported has been used in

bacteriological laboratories for
several years. The 0-F medium
of Hugh and Liefson (3) was
found to be unsatisfactory for
characterization of numerous
strains of oxidative bacteria that
produced low levels of acid. The
0-F medium of Elizabeth King
(2) was developed to character-
ize these weak producers of acid.

In this study we observed a
comparable situation in the het-
erogeneity of acid production in
yeasts, and King's 0-F medium
was adopted. In 117 strains of
yeasts studied, no false positive
biochemical reactions were ob-
served. The 0-F medium in our
hands offered advantages over the

Wickerham technique in method
of inoculation and ease of inter-
pretation.
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An oxidation-fermentation (0-F) medium,

originally developed for use in bacteriology, was
adopted to determine the carbohydrate utilization
patterns of yeasts. Using the 0-F medium, 12 dif-
ferent carbohydrates were inoculated with growth
from a pure culture of yeast.

With 117 yeast isolates, the 0-F medium pro-
duced carbohydrate utilization patterns compara-
ble to the classic Wickerham broth assimilation
test. With the exception of one yeast strain, there

was complete correlation of carbohydrate assimi-
lation and carbohydrate oxidation patterns.

The results of this study warrant the attention
of the laboratorian who performs both bacterio-
logical and mycological investigations, since a sin-
gle medium could be used for both disciplines. As
a measure of carbohydrate utilization, the produc-
tion of acid in the 0-F medium is easier to inter-
pret than the development of turbidity in a Wick-
erham assimilation broth.
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