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Candida albicans is a pathogenic yeast often encountered
in the medical laboratory.

A survey taken by mail of 110

Kentucky hospital and clinical laboratories demonstrated that
the germ tube test is the most frequently used method for the
identification of this organism.

Earlier workers have found

that this technique does not distinguish between C. albicans
and C. stellatoidea.

Various modifications of the germ tube

test that could possibly be used in the differentiation of
these two taxa were investigated.

Parameters examined included

the effects of oxygen tension, CO2, increased temperature,
serum dilution, glucose concentration, and a synthetic medium
upon germ tube formation.

The results indicated that the

germ tube test cannot be satisfactorily used to differentiate
these two organisms.
An evaluation of the use of cultural characteristics on
commonly used media and agglutination by C. albicans and antiserum
demonstrated that these cannot be used to dependably identify
C. albicans.

The response of C. albicans and C. stellatoidea

to various antimycotic agents and to other microorganisms were

compared and the pathogenicity of C. albicans and C. stellatoidea
was discussed.

INTRODUCTION AND LITERATURE REVIEW
Until recent years the yeast, Candida albicans, was
considered to be primarily a commensal of man, rarely
causing a disease more serious than thrush or vulvovaginitis.
However, during recent years the organism has been more frequently implicated in illnesses.

This change has occurred

partially because of a greater awareness of the potential
pathogenicity of the organism.

But more importantly, many

recent medical advances tend to create conditions within
the patient that are more favorable for the proliferation of
this organism.
The overall frequency of C. albicans in the population
is from 25% to 50% (Taschdjian, et al., 1970).

As a sapro-

phyte, the organism is most often found associated with mucous
membranes of the oral cavity and the gastrointestinal tract,
but it may spread to the upper respiratory and genito-urinary
tracts.

C. albicans has long been known to occasionally

cause disease in these and other areas, especially when antibiotic therapy is being used (Seeling, 1)66).

Other condi-

tions are now known to be predisposing Lo the disease.

The

diabetic patient and those with neoplastic disease or hematologic malignancies are especially vulnerable to candidal
infection (Louria, 1971; Knight and Flecher, 1971).
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As chemotherapy and radiation treatments lengthen the
lives of those with malignant diseases, candidiasis is becoming more prevalent.

The use of immunosuppressants in

organ transplants makes a patient more susceptible to candidal,
as well as other infections (Taschdjian, et al., 1970).

In-

fections with C. albicans have been suggested to be a potential
problem in extended space flights (Taylor, et al., 1973).

As

these problems arise, the need for a rapid and accurate
method for identification of this organism in the laboratory
increases.
The most reliable means of identifying Candida spp. is
by the carbohydrate fermentation and assimilation tests, and
chlamydospore formation on corn meal agar.

However, these

tests may require several days to perform, time that can be
very valuable if treatment is delayed.
Several attempts have been made to develop a rapid method
by which C. albicans can be quickly differentiated from other
yeasts.

Weld (1952) used colony morphology for the identi-

fication of C. albicans.

Colonies of this organism grown

on a modified eosin methylene blue medium and incubated in a
10% CO atmosphere produce characteristic "spidery" or
2
"feathery" colonie

Candida spp. also develop characteristic

colonies when g.Dwn on other laboratory media, for example on
bismuth sulfite medium (Nickerson, 1953).

More specifically,

C. albicans develops characteristic colonies on Littman's
oxgall agar (Shapiro, et al., 1956), on 10% human blood agar
(Fahlberg, et al., 1957) and on 5% sheep blood agar (Newton,
et al., 1960), Pagano-Levin Candida test medium (Sinski, et
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al., 1975) and Yousseff's medium (Ferrigno, 1975) can also be
of great benefit in the isolation and identification of C.
albicans.
At present, a commonly used method for identification of
C. albicans is the germ tube test.

Reynolds and Braude (1956)

noted that C. albicans, when incubated at 37 C for 3-4 hours
in human blood, cerebro-spinal fluid, or egg albumin, formed
short filaments.

Taschdjian et al. (1960) termed these fila-

ments "germ tubes" and suggested the use of their formation
as a means of identifying C. albicans.

It has subsequently

been shown that these germ tubes are also formed in sheep
serum (Dolan and Ihrke, 1971), guinea-pig, horse, rabbit,
and bovine sera (Mackenzie, 1962), seminal plasma (Barlow, et
al., 1974), tissue culture media (Landau, et al., 1965),
various peptone media (Joshi, 1973), a modified Sabouraud's
dextrose broth (Odds and Evans, 1975), and in various synthetic
media (Mardon, 1971; Evans, et al., 1974; Lee, et al., 1975).
Although it has been suggested that the term, "pseudogerm
tube", be used to replace the term, "germ tube", the newer
term has not been widely adopted (Huppert, et al., 1975).
Although commonly used, the germ tube test is not specific
for C. albicans.

An early study by Ridley (1960) indicated

that only C. albicans produced germ tubes.

Later studies,

however, have indicated that C. stellatoidea will form filaments identical to those of C. albicans (Taschdjian, et al.,
1960; Andleigh, 1962; Mackenzie, 1962; Fell and Meyer, 1967;
Mardon, et al., 1971; Katsura and Uesaka, 1974; Huppert, et
al., 1975).

C. utilis, C. rusosa, C. pseudotropicalis, and
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Schizosaccharomyces fragilis may form filaments very similar
to those of C. albicans; however, these fungi are rarely
isolated from humans (Mackenzie, 1962; Landau, et al., 1965).
The exact nature of the factor, or factors, present in
serum and other media which stimulates the production of germ
tubes is unknown.

It has been shown to be heat-stable, not

removed by dialysis, and is unrelated to Candida agglutinins
and precipitins (Reynolds and Braude, 1956).

It is not affected

by storing at -20 C for up to eight months (Landau, et al.,
1965) but is destroyed by heat coagulation of serum (Mackenzie,
1962).

The factor, or factors, isolated from serum are at

least 98% albumin.

However, the active material is not

albumin itself, but probably a minor protein component of the
albumin or an associated material which is released by the
organism (Barlow, et al., 1974).

Land et al. (1975)

suggested that filamentation is correlated with a repression
of mitochrondrial activity since it occurs under conditions
of low phosphate, high glucose and increased cellular reduction
potential, accompanied by a decrease in Kreb's cycle activity.
Several techniques for detecting germ tube production
have been described.

Basically, all techniques involve the

inoculation of the yeast in question into a suitable medium,
incubation and microscopical observation for the production
of germ tubes after the incubation period.

However, if not

properly done, the germ tube test can provide misleading
results.
Probably the most critical variable to consider is the
size of the inoculum.

Mackenzie (1962) found that the
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formation of germ tubes is directly affected by the concentration of cells.

When serum was inoculated with 1 x 105 and

1 x 106 cells per ml of serum, nearly 100% of the cells formed
germ tubes.

At a concentration of 1 x 107 cells per ml, a

decrease in the number of cells forming germ tubes was
observed until, at a concentration of 5 x 108 cells per ml,
virtually no germ tubes were produced.

These findings have

been substantiated by Andleigh (1964) and Joshi, et al.
(1973).
Landau, et al. (1965) found that the number of germ tubes
formed decreased linearly to near zero with an inoculation of
from 3 x 105 cells to 2.4 x 109 cells per ml.
The temperature of incubation is also an important consideration.

Taschdjian, et al. (1960) reported the production

of germ tubes in serum at temperatures of 37 to 42 C.

Landau

et al. (1965) obtained equally satisfactory results when
incubating in serum at 32, 37, and 42 C; germination was
lessened to near zero at 4, 25, and 45 C.
Incubation time required for germ tube production varies
from 90 minutes (Taschdjian, et al., 1960) to a few hours.
Dolan and Ihrke (1971), using 86 strains of C. albicans
incubated at 37 C, found 78% to be germ tube positive in 2 hours,
94% in 3 hours, and 95% in 4 hours; 5% of the cultures were
germ tube negative.
Whn incubating in serum, pH is not a critical factor.
Fven when serum is varied from pH 6.1 to 8.2, no change in
germ tube formation can be determined (Landau, et al., 1965).
However, germ tube formation in other media may be affected
by pH.

In a glucose-salts-biotin medium of pH 6.95, there
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is a slightly higher percentage of germ tube formation in
C. albicans than in the same medium at pH 5.7 (Mardon, et al.,
1971).

Cells grown in Sabouraud's dextrose broth at pH 5.6

gave rise to very few germ tubes (Evans, et al., 1974), but
at pH 7.2, a high percentage of cells gave rise to germ tubes.
An objective of the present study was to determine by
means of a questionaire the most commonly used method(s)
for the identification of C. albicans in Kentucky laboratories.
Research concentrated upon modification of the germ tube
test for differentiation of C. albicans from C. stellatoidea,
and the possibility of adapting commonly used laboratory media
for the identification of C. albicans.

Finally, the question

of whether these two yeasts should indeed be separate species
or varieties of the same species is considered.

MATERIALS AND METHODS

Cultures and Their Maintenance
The strains of Candida spp. and other yeasts were obtained from various sources as outlined in Table 1.

Those

cultures received in the lyophilized state were cultivated by
growing in a yeast-malt extract broth at 37 C for 18-24
hours.

This broth consisted of:

Yeast extract, Difco
Malt extract, Difco
Peptone, Difco
Glucose
Distilled water

Grams
3
3
5
10
1000

The medium was mildly acidic; the pH was not adjusted.

Cul-

tures which were received on a nutrient medium were transfered to Sabouraud's Dextrose Agar (Difco Laboratories,
Detroit, MI) slants.
Duplicate serial transfers were made to Sabouraud's
Dextrose Agar (SAB) at two month intervals.

The cultures

were grown on slants at 37 C for 24 hours before storing as
stock or using as an inoculum in experiments.

All cultures

were stored at 4 C when not in use.

Survey of Methods Used in Kentucky for the Identification of
Candida spp.
Before experimentation was begun, it was deemed pertinent
to determine the methods currently used in Kentucky laboratories
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Yeast Strains Used

Candida albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. stellatoidea
C. stellatoidea
C. stellatoidea
C. stellatoidea
C. stellatoidea
C. stellatoidea
C. stellatoidea
C. stellatoidea
E. stellatoidea
C. pseudotropicalis
c. seudotropicalis
C. krusei
C. krusei, type strain
C. utilis, type strain
C. utilis
C. rugosa, type strain
C. tropicalis
C. parapsilosis
C. guilliermondii, type strain
Kluyveromyces fragilis
Torulopsis glabrata

Species

Table 1.

#6
Y-2444
S-23
1-525
11006
IV
V
B-1017
CS-1
CDC-128
KU #21
Y-1100
KC-Anderson
Y-7179
Y-7586
Y-900
1-1496
Y-608
Y-2315
1-325
Y-1137
Y-7337

KC-66-787
B-311
207
97412
Y-5966
Y-477
Y-452

Strain

Kansas State University
Witchita State University
Witchita State University
Witchita State University
Northern Regional Research Laboratory,
Northern Regional Research Laboratory,
Northern Regional Research Laboratory,
V.A. Hospital, Louisville, KY
Temple Medical School
Northern Regional Research Laboratory,
Northern Regional Research Laboratory,
Northern Regional Research Laboratory,
Jackson Hospital, Montgomery, AL
Temple Medical School
Temple Medical School
Georgia State University
Georgia State University
Georgia State University
Kansas State University
Northern Regional Research Laboratory,
Kansas State University
Northern Regional Research Laboratory,
Northern Regional Research Laboratory,
Northern Regional Research Laboratory,
Northern Regional Research Laboratory,
Northern Regional Research Laboratory,
Northern Regional Research Laboratory,
Northern Regional Research Laboratory,
Northern Regional Research Laboratory,
Northern Regional Research Laboratory,

Source

Peoria,
Peoria,
Peoria,
Peoria,
Peoria,
Peoria,
Peoria,
Peoria,
Peoria,

IL
IL
IL
IL
IL
IL
IL
IL
IL

Peoria, IL

Peoria, IL
Peoria, IL
Peoria, IL

Peoria, IL
Peoria, IL
Peoria, IL

CO
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for the identification of Candida spp.

Letters were sent to

112 laboratories inquiring about their methods of identifying
Candida spp.

The addresses of these laboratories were taken

from a list of laboratories in Kentucky that were approved
for performing the VDRL slide test on premarital and prenatal
blood tests on January 1, 1974.

Hospitals, clinics, and

private reference laboratories were surveyed.

Inquires were

made to at least one facility in each county with several
being made in the more densely populated areas.

Each laboratory

was asked to reply on a postage paid card which was enclosed
with a letter explaining the research problem (Figs. 1 and 2).
A total of 37 (33%) of the cards were returned.
summary of the responses is given in Table 2.

A

These re-

sponses indicated that several methods are routinely used to
identify Candida spp. in Kentucky.

The most commonly used

method is the germ tube test, with 27 (73%) of those responding using this technique.

Some rely upon this method

entirely while others use it in conjunction with other means
of identification.

In addition, the survey points out con-

siderable variations in the performance of the germ tube
test, particularly in the incubation time.

Method of Determining Germ Tube Formation
Except where otherwise stated in the experimental section
all determinations were made using pooled human serum.

This

serum was obtained at either a local hospital or the university
health service.

No efforts were made to determine the histo-

ries of the persons from which serum was obtained.

Sterility
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Figure 1.

Letter of Explanation Accompanying Survey Questionnaire

WESTERN KENTUCKY UNIVERSITY
BOWLING GREEN. KENTUCKY 47101

Department of Biology

Dear Sir:
We are initiating a research problem comparing various
laboratory techniques used in the identification of Candida
sp.
For us to properly do this project we need to know the
current trends in identification methods used in clinical
laboratories. Thus, we are taking a survey of the method
s
used in various laboratories throughout Kentucky.
On the enclosed card please describe the method(s)
that your laboratory is currently using and return it to
us.
Your help in this project is greatly appreciated.
Sin erely,
lao
Dan Roges
Graduate Assistant

c2.cov

kst:At—

LarrArIliott
Associate Professor of Biology
rtc
Enclosure
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Figure 2.

Questionnaire Sent to 110 Kentucky Medical Laboratories

From:

FIRST CLASS
PERMIT NO. 272
BOWLING GREEN,
KY 42101

BUSINESS

REPLY

MAIL

NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES
Postage Will Be Paid By

Dan Rogers
Department of Biology
Western Kentucky University
Bowling Green, KY 42101

By what methol does your laboratory speciate Candida sp.?
1. Does not speciate. 2. Germ tube method. 3. Biochemicals.
4. Other
If germ tube method is used, what kind of serum is used?
1. Human, sterile. 2. Human, nonsterile. 3. Sheep. 4. Rabbit.
At what temperature do you incubate?
How long is incubation period?
If you use biochemical tests or any other method for the speciation
of Candida please describe briefly.

To what extent does your laboratory rely upon colony morphology
in identification of Candida?
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Table 2.

Summary of 37 Responses to Laboratory Survey

By what method does your laboratory speciate Cand
ida sp.?
1.
2.
3.
4.

Does not speciate
Germ tube method
Biochemicals
Other

3
27
10
6

If germ tube method is used, what kind of seru
m is used?
1.
2.
3.
4.
5.

Human, sterile
Human, nonsterile
Sheep
Rabbit
Calf

3
22
1
0
1

At what temperature do you incubate?
1.
2.
3.

25C
35-36 C
37 C

1
1
24

How long is incubation period?
1.
2.
3.
4.
5.

Less than 2.5 hours
2-4 hours
6 hours
2-24 hours
24-72 hours

11
11
1
2
1

If you use biochemical tests or any othe
r method for the
speciation of Candida please describe brie
fly.
1.
2.

Assimilation and/or fermentation
Special Media

14
4

To what extent does your laboratory rely upon
colony
morphology in identification of Candida?
1.
2.

Little
Heavily

17
3
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of the serum was not necessarily maintained; however, care
was taken to avoid gross contamination and any serum that was
visibly contaminated was not used.

All serum was stored at

4 C.
In examinations for germ tube formation a suspension of
the yeast from a 24 hour SAB culture was made in 0.5 ml of
serum, or other medium, in a 10 x 75 mm tube.

This was

accomplished by lightly touching the tip of a Pasteur pipette
to one or two colonies of yeast and gently emulsifying the
cells which would adhere to the pipette in the serum.
pipette was left in the tube.

The

The tubes were incubated at

37 C for 2 to 4 hours except where otherwise stated in the
experimental section.

After the incubation period the pipette

was used to transfer a drop of suspension to a slide.

This

was examined with a phase contrast microscope at 200X for
the formation of germ tubes.

Germ tubes were distinguished

from hyphal elements by their lack of constriction at the
point of origin (Mackenzie, 1964).

This technique of ino-

culation consistently gave between 1.4 x 106 and 4.3 x 106
cells per ml of serum when counts were made with a hemocytometer.
Using this technique all strains of C. albicans and C.
stellatoidea summarized in Table I formed germ tubes within
3 hours.
Further materials and specific methods will be given in
the appropriate places in the experimental section as they
become pertinent.

EXPERIMENTAL SECTION

Various Modifications of the Germ Tube Test for Possible
Improvement of Differentiation Between C. albicans and
C. stellatoidea
1. Effects of Decreased Oxygen Tension on Germ Tube Formation
Candida albicans, when grown on various media for 2-3
days, will form subsurface hyphal thickenings called
chlamydospores.

C. stellatoidea generally does not.

When

using this technique a coverslip is placed over an inoculated
area to produce a relatively anaerobic condition (Ridley, 1960;
Dolan, 1971; Schaar, et al., 1974; Beheshti, et al., 1975).
This phenomenon suggests that a decrease in oxygen tension
affects C. albicans differently than C. stellatoidea, a
difference that could possibly be demonstrated in the germ
tube test.
Germ tube preparations were set up as described in
Materials and Methods except that the Pasteur pipette was removed and the serum was overlaid with 0.5 ml of sterile
mineral oil.

After 90 minutes incubation, strains of both

species had formed germ tubes.
Further studies were also done in anaerobic conditions.
Aliquots of 0.5 ml sterile trypticase soy broth were boiled in
a water bath for 15 minutes.

The tubes were taken directly

from the boiling water and placed in crushed ice.

After

about 3 minutes cooling time the broths were inoculated as

14
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previously described and placed inside a GasPak (BBL,
Division of Decton, Dickinson and Co.) anaerobe jar and
incubated at 37 C for 4 hours.

Anaerobiosis was monitored

by use of a methylene blue indicator strip (BBL).

Control

tubes were set up in trypticase soy broth in aerobic
conditions.
All strains of C. albicans were negative in the anaerobic tubes and all but two strains of C. stellatoidea were
negative.

A few of the cells from each of these two

C. stellatoidea strains produced both hyphae and germ tubes.
All control tubes were positive after four hours.
These experiments indicate that neither a decrease in
oxygen tension nor complete anaerobic conditions can be
used to conclusively distinguish C. albicans from C. stellatoidea.

2. Formation of Germ Tubes in CO

Atmosphere

Weld (1952) demonstrated that C. albicans when grown
on a modified eosin methylene blue medium (EMB) in 10%
CO

2

produces "spidery" type colonies within 18 hours incu-

bation at 37 C.

Mycelium inducing effects of CO2 have also

been reported by Langeron and Guerra (1938).

It, therefore,

seemed important to consider the effects of an increased CO

2

atmosphere on the formation of germ tubes.
Standard yeast suspensions were made in serum and in
trypticase soy broth and incubated in a CO incubator at 37 C.
2
This incubator was connected to a supply of CO2 to furnish
an atmosphere of approximately 7% CO2.
bated in a normal atmosphere at 37 C.

Controls were incuEach preparation was
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examined at one hour and at two hours for the development of
germ tubes.

Since all tubes were positive after this time

period the experiment was terminated.
The results, as summarized in Table 3, indicate that
when serum is used as a medium the increase in CO2 does not
affect the formation of germ tubes.
soy broth is used, the CO

2

However, when trypticase

atmosphere seems to decrease the

amount of time required for germ tube formation in some
strains of both species of yeast.

When a comparison is

made of the two species no appreciable difference can be seen
in the results; i.e., the CO2 appears to have equal effects
on each of the two species.

3. Formation of Germ Tubes at Increased Temperatures
Taschdjian, et al. (1960) and Landau, et al. (1965),
found that germ tubes were produced at temperatures up to
42 C.

Both these investigators used only C. albicans with-

out considering the effects of temperature upon germ tube
formation in C. stellatoidea.
Preliminary tests indicated that both species of yeast
formed germ tubes in 3 hours at 41 C and neither formed them
at 44 C.

Further tests were done with Incubation in a water

bath (Precision Scientific Co., Chicago, IL, at 43 C.

The

temperature was carefully controlled by constant stirring of
the water with a T-Line-Stirrer (Talboys Instrument Corp.,
Emerson, NJ).

Also, many thermometers were compared and the

most accurate was chosen to monitor the temperature.
Results from several trials gave conflicting and
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Table 3.

A.

B.

Times Required for Germ Tube Formation by Candida
albicans and C. stellatoidea in Serum and Trypticase
Soy Broth in En TfMosphere of Increased CO2 and in
Air at 37 C.

Increased CO

2

C. albicans
C. stellatoidea

Medium
Serum
TSB
Time (hrs) Time (hrs)
1
2
2
1
++
+
+
72
90
21
30
6 2
8 0
1 1
2 0

c. albicans
C. stellatoidea

Medium
Serum
TSB
Time (hrs) Time (hrs)
1
2
1
2
++ +7 2
9 0
6
- i
3 0
6 2
8 0
0 2
2 0

Air

+ = number of strains producing germ tubes
- = number of strains not producing germ tubes

inconclusive results (Table 4).

There is a tendency for C.

albicans to produce germ tubes at 43 C and a tendency for
C.
stellatoidea not to form them; however, this is not a depen
dable means of separation since some strains of C. albic
ans
were negative and some strains of C. stellatoidea were
positive.

Results using tryptic digest and tryptic soy broth
s

were similarly inconclusive.

Differing numbers of strains

were used because the experiments were done at diffe
rent
times.

Thus in trial I, few strains were available and in

trials III and IV one strain of C. stellatoid
ea was not
viable.
In the first three trials the serum was at room
temperature when inoculated.

In trial four the serum was tempered

to 43 C before inoculation.

This last result demonstrates that

more strains of C. albicans failed to form germ
tubes in the
tempered serum.

This is possibly due to a shock effect on
the

organisms since they were not allowed to gradu
ally become
acclimated to the high temperature.
4. Formation of Germ Tubes in Diluted Serum
Studies by Joshi, et al., (1973), indicated
that C.
albicans will produce germ tubes in sheep serum
diluted 1:32
with either saline solution or peptone water
.

An earlier

study by Mackenzie (1962) reported similar findi
ngs with
human serum diluted 1:64.

Again, both investigators used

only C. albicans and did not consider the forma
tion of germ
tubes by C. stellatoidea in diluted serum.
Pooled human serum was serially diluted to 1:64
with
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Table 4.

Number of Strains of Candida albicans and C.
stellatoidea Forming Germ Tubes in Serum After
3 Hours at 43 C in Four Trials

1
C. albicans
C. stellatoidea

+
-g0

-01

II
+-9 -04 5

III
+-

IV
+ -

1 7

1 7

+ = number of strains producing germ tubes
- = number of strains not producing germ tubes
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tryptic soy broth and with 0.85% saline.

These tubes were

inoculated, incubated at 37 C, and observed for germ tube
formation after 2 hours.

The results (Table 5) indicate that

dilution of serum with saline will prevent germ tube formation of the strains tested of both species at a dilution of
1:32.

Dilution with tryptic soy broth has no effect on germ

tube formation in either species at any of the dilutions
tested.

These last results should be expected since both

species will produce germ tubes in either medium alone.

5. Effects of Glucose Concentrations on Germ Tube Formation
Individuals with diabetes mellitus are often predisposed
to infections with C. albicans.

Knight and Fletcher (1971)

found that persons with well-controlled diabetes mellitus had
a mean concentration of glucose of 4.34 mg/100 ml which is
considerably increased over the normal value of 0.05 mg/100 ml
In addition, they found that persons treated with antibiotics
and those receiving corticosteroids had saliva glucose levels
of 7.41 mg/100 ml and 32.78 mg/100 ml, respectively.

Both

these groups also frequently become infected with oral
candidiasis.
Saliva from each of these groups when inoculated with
C. albicans and incubated at 37 C for 48 hours gave increased
growth rate when compared with normal saliva.

It was also

found that the addition of 0.5 mg/ml of glucose would completely restore the growth of C. albicans in saliva in which
the nutrients had been depleted by the normal bacterial
flora.

Addition of lesser amounts would only partially restore
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Table 5.

Numbers of each of 3 Strains of Candida albicans
and C. stellatoidea Forming Germ tubes in Various
Dilutions of Human Serum

Diluent
Tryptic Soy Broth
C.
C.
C.
stellatoidea albicans stellatoidea
3
3
3
3
3
3
3
3
3
2
3
3
2
3
3
2
3
3

Saline
Dilution of Serum
1:2
1:4
1:8
1:16
1:32
1:64

C.
albicans
3
3
3
3
2
1
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growth.

The addition of fructose, sucrose, xylose and lactose

had no stimulatory effect.
One respondent from the survey previously described
stated the "C. albicans produce pseudomycelia in 45-60 minutes
in human serum with increased glucose".

Later attempts at

communication with this individual were unsuccessful.
From the suggestions above it seemed feasible to study
the response of C. albicans and C. stellatoidea to various
concentrations of glucose in human serum.
The experiment consisted of using normal control serum
with a glucose concentration of 95 mg/100 ml, serum with 250
mg/100 ml glucose, and serum with 450 mg/100 ml glucose.
These increased levels were attained by addition of reagent
glucose to normal serum and then diluting with serum to reach
the desired levels.

Determinations of glucose concentrations

were made using the Dow photometric method (Dow Diagnostic,
Indianapolis, IN).

Both these higher levels of glucose are

not uncommonly reached in the blood of diabetic persons.
No

difference could be detected in germ tube formation

of C. albicans or C. stellaotidea in either of the three sera.
Only one strain, a strain of C. albicans, had formed germ
tubes in 60 minutes.
concentration.

This was in the serum of highest glucose

In 90 minutes all strains tested produced

germ tubes except for one strain each of C. albicans and C.
stellatoidea in the normal control serum.
formed germ tubes in two flours.

Both these strains

These results seem to in-

dicate that both yeasts will form germ tubes faster in serum
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with a slightly elevated glucose level.

This is probably

of little value in the laboratory.
Since no appreciable difference was found in germ tube
formation in serum that would usually be encountered in the
clinical laboratory, further studies were made to determine
the offects of greatly increased glucose levels upon germ
tube formation.

Glucose was added to normal pooled serum

at rates of 10 mg, 50 mg, 100 mg, 200 mg, 300 mg, 400 mg,
600 mg, and 1000 mg per ml.

This gave final concentrations

of from about 1100 mg/100 ml to 100,000 mg/100 ml.
Representative data from the tests as presented in
Figure 3 indicate that these higher levels of glucose
delayed rather than hastened the production of germ tubes.
This delay occurred equally in C. albicans and C. stellatoidea.
Germ tubes were not formed in the highest glucose concentration (1000 mg/ml)when the experiment was terminated after
8 hours.

Thus, higher amounts of sugar added to serum does

not stimulate the germ tube reaction and no differentiation
between C. albicans and C. stellatoidea can be made.

6. Germ Tube Production in a Synthetic Medium
Germ tube production by C. albicans in synthetic media
has been reported by several investigators.

Mardon, et al.,

(1971) demonstrated germ tube formation within 3 hours in a
glucose-salts-biotin medium containing L-alpha-amino-n-butyric
acid as the nitrogen source.

C. stellatoidea also produced

germ tubes, but to a somewhat lesser degree than C. albicans
in this medium.

Evans, et al., (1974), observed filament

24

Figure 3.

Time Required by Candida albicans and C. stellatoid
ea
to Form Germ Tubes in Serum with High Concentrations
of Glucose
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production in a glucose-glycine medium and in a glucosesalts medium.

Lee, et al., (1975), described a chemically

defined medium composed of 6 amino acids, biotin, inorganic
salts and glucose on which they were able to grow the yeast
phase of C. albicans at 25 C and the mycelial phase at 37 C.
The amino acids used were chosen from studies of the aminopeptidase patterns of the organism.
The most reliable method of identification of C.
albicans and C. stellatoidea is by carbohydrate fermentation
and assimilation.

The basic difference in these two

organisms is that C. albicans assimilates sucrose, whereas
C. stellatoidea does not.

In the present study this char-

acteristic was taken into account in the formulation of a
medium similar to that of Lee, et al., (1975) (Table 6), in
order to determine the effects of a different carbohydrate
source on the production of germ tubes.

Either glucose or

sucrose was used as a carbohydrate source.

These ingredients

were autoclaved at 110 C at 10 psi for 20 minutes with the
exception of the biotin which was Seitz filtered and added to
the autoclaved medium.

The final pH of the medium was 6.8.

The test yeasts were grown on SAB agar for 24 hours.

The

growth was removed from the agar surface with a sterile transfer loop and suspended in 5.0 ml of sterile 0.85% saline and
centrifuged.

The supernatant was decanted and the cells were

resuspended in sterile saline to give a final optical transmittance of 75% to 550 nm using a Spectronic 20 (Baush and
Lomb, Inc., Rochester, NY).

A 0.5 ml aliquot of this yeast

suspension was aseptically added to 1.0 ml of the sterile
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Table 6.

Amino Acid Synthetic Medium

Chemicals

Grams/Liter Distilled H90

(NH4)2SO4

5.0

MgSO4'7H20

0.2

K 11PO (Anhydrous)
2
4

2.5

NaC1

5.0

Glucose or Sucrose

12.5

DL-Alanine
L-Leucine
L-Lysine
DL-Methionine
L-Ornithine
L-Phenylalanine
L-Proline
DL-Threonine

1.0
1.3
1.0
0.2
0.0714
0.5
0.5
1.0

Biotin

0.001
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synthetic medium, incubated at 37 C for 3 hours, then observed for germ tube formation.
The results indicated that more strains of C. albicans
produced germ tubes in both media than did the C. stellatoidea
(Table 7).

However, there were strains of C. albicans that

were negative in both media and strains of C. stellatoidea
that were positive in both media.

Thus, this medium cannot

be used for the differentiation of C. albicans and C.
stellatoidea by using glucose or sucrose as the energy source.

Table 7.

Total Numbers of Strains of Candida albicans and
C. stellatoidea Producing Germ Tules in a Synthetic
Medium Containing Either Glucose or Sucrose in
3 hours at 37 C

Glucose
+ C. albicans
C. stellatoidea

7
3

6

Sucrose
+ -8- i
5 4

+ = number of strains producing germ tubes
- = number of strains not producing germ tubes
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Evaluation of Laboratory Media and Other Tests for the
Differentiation of Candida albicans and C. stellatoidea
1. Evaluation of Cultural Characteristics on Commonly Used
Media for the Identification of Candida albicans, Candida
stellatoidea, and Other Yeasts
Many times the physician does not indicate that an
infection in a pa -ticular patient may be fungal in nature.
Therefore, many specimens from these infections are not
cultured on media selective for fungi but on the media
routinely used for the isolation of bacteria.

Levine eosine

methylene blue (EMB) agar and 5% sheep blood agar are two
commonly used media in the medical laboratory.

However, there

are several other selective and differential media that
may
be used routinely.

The ability of the microbiologist to

characterize and identify the organism on these media would
be advantageous in the rapid release of laboratory reports
.
Fahlberg, et al. (1957) described spreading filamentous
growth of C. albicans after 48 hours incubation on 10%
human blood agar when incubated in 6-8% CO2.

C. stellatoidea

produced smooth, entire colonies in the same conditions.
Newton, et al. (1960) reported that filamentous colonies
were restricted to only C. albicans and C. stellatoidea
when these and five other species of Candida were grown on
5% sheep blood agar for 48 hours at 37 C in candle jars.
;eld (1952) reported that C. albicans produced "feathery"
colonies when grown on Levine EMB agar in an atmosphere of
about 10% CO

2

at 37 C.

The growth of C. stellatoidea was not

described on this medium.
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Cultures of C. albicans, C. stellatoidea, and nine
other species of yeast were grown in air at 37 C on EMB
agar (Difco), Levine EMB agar (Difco), MacConkey agar (BBL),
Hektoen Enteric agar (Difco), Phenylethanol agar (Difco), and
XLD agar (BBL).

After incubation colonial morphology was

observed with transmitted oblique illumination and a lowafter a technique described

power stereoscopic microscope

by Finkelstein and Punyashthiti (1967) in hopes that differentiation of the cultures could be made.

These investigators

were able to identify enteric bacteria with a high degree of
accuracy using this technique.

There was no visible growth

of yeast in 24 hours on the MacConkey, Hektoen Enteric,
Phenylethanol, or XLD agars.

Results of yeast growth on EMB

and Levine EMB after 24 hours are summarized in Table 8.
There was very little change in colonial morphology
After 48

after 48 and 72 hours on EMB or Levine EMB agar.

hours on Hektoen Enteric agar several strains had formed
visible colonies.

Four strains of C. albicans produced non-

filamentous (entire) colonies 2-3 mm in diameter.

C.

tropicalis and C. guilliermondii also grew after 48 hours on
Hektoen Enteric agar but the colonies were smaller in diameter
and fewer in number than those of C. albicans.

There was

no visible growth of any of the strains on Phenylethanol or
)(ED agar until 72 hours incubation.

Only Kluyveromyces

fragilis had failed to grow on Phenylethanol agar after this
length of time.

All the other strains formed small colonies

less than 1 mm in diameter.

Colonies of C. pseudotropicalis,

C. parapsilosis and one strain of C. krusei formed filamentous

8
3
2
1
1
1
I
I
I
1

C. stellatoidea

C. krusei

C. utilis

C. rugosa

C. tropicalis

C. pseudotropicalis

C. parapsilosis

C. guilliermondii

Kluyveromyces fragilis

Torulopsis giabrata

entire, mucoid
filamentous
entire, mucoid
filamentous

entire

entire, mucoid

entire, pinpoint colonies

no growth

lobate

entire

filamentous

entire, mucoid

3 strains
4 strains
1 strains
7 strains
entire

Levine EMB*

Medium
EMB*

entire

entire, mucoid

entire, pinpoint colonies

no growth

no growth

filamentous

filamentous

entire, pinpoint colonies

1 strain entire
6 strains filamentous
1 strain entire
7 strains filamentous
entire, pinpoint colonies

* Larger colonies were pink in color; pinpoint colonies were deep blue

7

Number of
Strains Tested

Colonial Morphology of Several Speices of Yeast Grown for 24 Hours on
EMB Agar
or Levine EMB Agar in Air at 37 C

Candida albicans

Species

Table 8.
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colonies similar to those of C. albicans on the EMB media.
After 72 hours on XLD agar, four strains of C. albicans as
well as one strain of C. krusei and C. guilliermondii formed
mucoid colonies.

There was no growth of any of the strains

of yeast on MacConkey agar after 72 hours.
Further studies were done with C. albicans and C.
stellatoidea incubating in an atmosphere of approximately
7% CO

2

at 37 C on EMB and Levine EMB.

These results (Table

9) show a greater variation in the colony morphology of the
two species than incubation in air.

All strains of C. albicans

formed filamentous colonies similar to those described by
Weld (1952).

Five of the nine strains of C. stellatoidea also

formed filamentous colonies; however, the colonies of C.
stellatoidea were consistently smaller than those of C. albicans
on the same medium.

When a wet mount of the surface growth

was observed, both species showed primarily budding yeast
cells with a few strains also having formed some hyphal elements.
The type of gross colonial morphology formed did in no way
predict whether budding yeast or hyphal elements would be
seen upon microscopical examination.

Examination of wet

mounts from subsurface growth revealed extensive networks
of hyphae by all strains of both species on both media.

These

results indicate that colonial morphology on these media
cannot be used for accurate identification of C. albicans.

2. Agglutination of Yeast by Candida albicans Antiserum
Desiccated antisera are available from commercial sources
which are recommended for use in slide agglutination tests for
the presumptive identification of C. albicans.

At least one

Number of
Strains Tested
9

9

C. stellatoidea

EMB
all strains 1-2 mm diameter
8 "feathering"; 1 entire

all strains pinpoint in size all strains pinpoint in size,
5 "feathering"; 4 entire
"feathering"

Levine EMB
1-2 mm in diameter,
all strains "feathering"

Colonial Morphology of Candida albicans and C. stellatoidea When Grown for 24
Hours on EMB Agar or Levine EMB Agar in an Atmosphere of Approximately 7% CO2
at 37 C

Species
Candida albicans

Table 9.
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of these antisera, Bacto-Candida albicans Antiserum (Difco),
is said by the manufacturer to be specific for C. albicans
with the exception that it reacts slightly with C. tropicalis.
It was hypothesized that strains of C. stellatoidea may also
react with C. albicans antiserum and give false positive results in the laboratory.
Cultures of 11 species of yeasts, 30 strains, (Table 1)
were grown for 36 hours at room temperature on Sabouraud's
Dextrose Agar (Difco).

A heavy suspension of the organism

to be tested was made in a drop of 0.85% saline with 0.5%
phenol on a glass slide.

To this was added one drop of

Bacto-Candida albicans Antiserum (Difco).

This was mixed

for 10-15 seconds with an applicator stick.

The slide was

then gently rotated and observed for agglutination after 2030 seconds.

Controls to which one drop of saline was

added rather than antiserum were run simultaneously.
All nine strains of C. albicans tested agglutinated within 30 seconds.

None of the other strains of yeasts gave

agglutination within this time period with the exception of
3 of the 8 strains of C. stellatoidea.

Two of these 3 strains

gave strongly positive reactions, with the third strain giving a weak agglutination.

Some strains of C. albicans also

produced weak but definite agglutination.

The single strains

of C. tropicalis tested gave no agglutination.
controls agglutinated within 30 seconds.

None of the

These results

demonstrate that using this antiserum it is possible that C.
stellatoidea may be incorrectly identified as C. albicans.
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3. Susceptibility of Candida albicans and C. stellatoidea to
Antimycotic agents
Nystatin is a fungicidal agent commonly used in tissue
culture media and in Thayer-Martin medium to prevent growth
of contaminating fungi.

Considerable variation in the re-

sponseof Candida sp. to this drug has been shown by E.H.
Squibb and Sons (1961).

The minimal inhibitory concentration

(MIC) of nystatin for C. albicans is 3.13 units/ml.
for C. krusei is 6.25 units/ml.

The MIC

A difference in the MIC's

of nystatin to C. albicans and C. stellatoidea could be
applied to development of a medium selective for one of
these organisms.
A knowledge of a difference in the responses of C.
albicans and C. stellatoidea to chemotherapeutic agents may
also be important.

If C. stellatoidea responds differently

than C. albicans to the commonly used antimycotic agents
then differentiation between these two species in the laboratory may be accomplished on this basis.
A stock solution of nystatin (Mycostatin, E.H. Squibb
and Sons, NY) was prepared to contain 1000 units per ml.
Serial two-fold dilutions of a working solution containing
10 units per ml were made in 5 ml quantities of sterile
Tryptic Soy Broth (Difco).

Final concentrations ranged from

10.0 to 0.02 units per ml.

To each of these tubes was added

0.1 ml of a diluted broth culture of either C. albicans or
C. stellatoidea.

This diluted culture was made by addition

of 0.1 ml of an 18 hour yeast culture in Tryptic Soy Broth
(Difco) to 9.9 ml of sterile Tryptic Soy Broth (Difco).

These
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inoculated tubes were incubated at 30 C for 24 hours
(nystatin activity is decreased at 37 C).

The concentration

of the tube containing the least amount of antibiotic in which
no growth was visible after the incubation period was considered to be the MIC.
The MIC's of nystatin for C. albicans and C. stellatoidea
(Table 10) are similar in that both were inhibited by concentrations ranging from 5 units/ml to 1.25 units/ml when
determined by the above method.

However, of the nine strains

of C. albicans tested 15% were inhibited by a concentration
of 1.25 units/ml while 33% of the eight C. stellatoidea
strains were inhibited by this lower concentration.

Similar

results were obtained when MIC's for the chemotherapeutic
agent amphotericin B (Fungizone, Squibb) were determined by
the same procedure (Table 10).

All strains of yeasts showed

a MIC to this drug of either 1.25 ug/ml or 0.63 ug/ml.

How-

ever, there is again a suggestion that C. stellatoidea is less
resistant to these drugs than is C. albicans.

Only 44% of

the C. albicans strains were inhibited by a concentration of
0.63 ug/ml while 75% of the C. stellatoidea strains were inhibited by this concentration.

These results indicate that

neither of the agents can be used to inhibit growth of
either C. albicans or C. stellatoidea while permitting growth
of the other.

However, the data on amphotericir

may have

clinical applications.
Further experimentation was done using some commonly
prescribed preparations used for vaginal candidiasis.

Culture

plate sensitivities of C. albicans and C. stellatoidea were
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Table 10.

The Distribution of Minimal Inhibitory Concentration
(MIC) of Nystatin and Amphotericin B to Strains of
Candida albicans and C. stellatoidea

Nystatin:
MIC (units/ml)
Species
C. albicans
C. stellatoidea

Number of
Strains Tested
9
8

5
1

2.5
5

0

6

1.25
3
2

Amphotericin B:
MIC (ug/ml)
Species
C. albicans
C. stellatoidea

Number of
Strains Tested
9
8

1.25
5
2

0.63
4
6
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performed on each of the following preparations:

Sporostacin

Cream (Ortho Pharmaceutical Corp., Raritan, NJ), Trimo-San
Vaginal Jelly (Milex Products, Inc., Chicago, IL), Betadine
Vaginal Gel (The Purdue Fredrick Co., Norwalk, CN) and Mycostatin
Vaginal Tablets (E.R. Squibb and Sons, Inc., Princeton, NJ).
The ointments were used as prepared by the manufacturers.
The vaginal tablets were ground to a fine powder with a mortar and pestle and hydrated to the consistancy of the ointments using distilled water.

Sterile 7 mm absorbant disks

(Bacto Concentration Disks, Difco) were saturated in each of
the preparations to be used in plate sensitivity testing.
Eight drops of

a 24 hour nutrient broth (Difco) culture of

yeast was added to the surface of Mueller-Hinton agar (Difco)
which was in 25 x 150 mm sized plates.

The broth was spread

with a sterile, cotton-tipped swab and allowed to dry for 1
hour at room temperature.

One each of the five disks of

antifungal preparations were placed on the sui face of the
medium at a distance of approximately 40 mm.

The plates

were incubated at 37 C for 24 hours.
After the incubation period the zones of inhibition to
each of the agents were measured across the center of the disk
from one margin of the zone to the other.

The means of the

zones of inhibition are listed in Table 11 for C. albicans
and C. stellatoidea to each of the agents.

When the data

were analyzed using Student's t test no significant difference was found in the means for Sporostacin, :lycostatin, and
Betadine.

However, the means of Trimo-San showed a highly

significant difference (1)=-0.01) when C. albicans and C.
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Table 11.

Preparation

Average Zones of Inhibition on Mueller-Hinton
Agar of Nine Strains of Candida albicans and
Eight Strains of C. stellatoidea to Four Antifungal Vaginal Preparations

Zones of Inhibition(mm)
C. stellatoidea
C. alnicans

t value(p=,
.0.01)

Sporostacin

18.9

20.1

1.5 n.s.

Trimo-San

39.7

50.9

8.1 **

Betadine

15.9

17.4

1.3 n.s.

Mycostatin

20.3

21.8

2.0 n.s.

** = highly significant
n.s. = non significant
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stellatoidea are compared.

4. Susceptibility of Candida albicans and C. stellatoidea
to Effector Organisms
The survey of Kentucky laboratories (Materials and
Methods) demonstrated that of those laboratories responding,
22 (80%) which perform the germ tube test use nonsterile
human serum.

It is possible that this practice could lead

to the use of serum that has been inadvertently contaminated
with inhibitory or so-called effector organisms which could
prevent germ tube formation.
Specific interactions of C. albicans and other microorganisms have been shown.

Some strains of C. albicans

will inhibit the growth of Neisseria gonorrheae on laboratory
media (Hipp, et al., 1974).

Conversely, some bacteria will

inhibit the growth of C. albicans.

Many gram-negative bacter-

ia have shown inhibitory activity against fungi.

Jefferies

and Schileru found that E. coli which produced certain types
of colicins were inhibitory to C. albicans (Abstr. Annu.
Meet. Am. Soc. Microbiol.
et
__ al.

1975, D52, p. 60).

Drollette,

1975) demonstrated that pyocyanine and phenazine-

1-carboxylic acid produced by Pseudomonas aeruqinosa of human
origin was inhibitory to C. albicans from the same habitat
(Abstr. Annu. Meet. Am. Soc. Microbiol.

1975, D 54, p. 60).

The inhibition of C. stellatoidea by other microorganisms has
not been described.
The inhibition of C.albicans and C. stellatoidea by
various microorganisms, including other yeast, was examined.
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A 0.2 ml quantity of a 24 hour Tryptic Soy broth (Difc0)
culture of the yeast to be tested was spread uniformily with
a sterile swab upon the surface of a 10 x 150 mm culture
plate containing Plate Count Agar (Difco).
allowed to dry for 1-2 hours at 37 C.

The surface was

A loopful of a 24

hour nutrient broth culture of each effector organism was
then touched to the surface of the agar.

Incubation was

carried out at 37 C for 18 hours and the plates were then
checked for zones of inhibition around the effector organisms.
None of the effector organisms tested (Table 12) demonstrated any inhibitory activity toward strains of either C.
albicans or C. stellatoidea when using this method.

It

should be realized that since only 20% of E. coli strains
exhibit inhibitory effects, (Hummel, et al., 1975), further
studies with other strains of these effector organisms must
be carried out before any conclusions can be made.
These results indicate no inhibition when C. albicans or
C. stellatoidea are grown concurrently with other microorganisms
on a solid medium and do not reflect the effect of previously
contaminated serum on germ tube formation.

To determine

whether bacterial growth will prevent germ tube formation in
serum, various concentrations of Pseudomonas aeruginosa, a
common environmental contaminant, was added to sterile human
serum.

A 0.1 ml quantity (approximately 1 x 105 cells) of an

18 hour nutrient broth culture of P. aeruginosa was added
to 0.9 ml of serum.

A serial doubling dilution was then

made through six tubes containing 0.5 ml of serum each.
These tubes were allowed to set overnight at room temperature.
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Table 12.

Microorganisms Failing to Demonstrate Inhibitory
Activity Toward C. albicans or C. stellatoidea

Species
Entero.acter cloacae
Escherichia coli
Klebsiella pneumoniae
Proteus vulgaris
Pseudomonas aeruginosa
Salmonella typhimurium
Serratia marcescens
Staphylococcus aureus
Staphylococcus epidermidis
Streptococcus pyogenes
Bacillus cereus (var. acoides)
Bacillus subtilis
Aeromonas sp.
Citrobacter sp.
Micrccoccus flavus
Saccharomyces cervesiae
Rhodotorula sp.
Streptomyces albus
Torulopsis glabrata
Candida krusei
C. utilis
C. rugosa
C. tropicalis
C. pseudotropicalis
C. parapsilosis
C. guilliermondii
Kluyveromyces fragilis

* Bactrol Disks (Difco)
**Stock Cultures, Department of Biology,
Western Kentucky University

Strain
ATCC ..3355*
ATCC 25922*
ATCC 13883*
ATCC 13315*
ATCC 27853*
ATCC 14028*
ATCC 8100 *
ATCC 25923*
ATCC 12228*
ATCC 19615*
WKU Stock**
WKU Stock**
WKU Stock**
WKU Stock**
WKU Stock**
WKU Stock**
WKU Stock**
WKU Stock**
Y-7337
Y-7179
Y-7586
Y-1496
Y-608
Y-1100
Y-2315
Y-324
Y-1137
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Strains of C. albicans and C. stellatoidea were then added
as previously and incubated at 37 C.

No germ tubes were

formed in any of the serum tubes after 2 hours incubation.
After 3 hours some of the cells in the tubes with the lowest
concentration of bacteria had formed germ tubes.

However,

only a few cells were producing germ tubes compared to almost
100% germ tube formation in control serum.

Also, there

was considerable clumping of budding yeast cells in all tubes
contaminated with bacteria.
the control tubes.

No clumping was present in

DISCUSSION

The present studies of C. albicans and C. stellatoidea
indicate that the environmental requirements for germ tube
formation in these two organisms are closely related, or
possibly identical.

Incubation in decreased oxygen tension

did not prevent germ tube formation in either species,
while complete anaerobiasis prevented their formation in both.
Land, et al., (1975) reported that oxygen consumption is
less in filamentous cultures than in nonfilamentous cultures
of C. albicans.

This was reflected by a change from aerobic

to fermentative metabolism and repression of mitochrondial
activity.

The present work demonstrates that some oxygen

is necessary for filamentation of C. albicans and C.
stellatoidea; however, this requirement may be very low.

Cells

from two strains of C. stellatoidea did form germ tubes in
anaerobic conditions.

This filamentation was not the rule,

since only a few of the cells from each strain filamented
and, therefore, cannot be considered as a general characteristic of the organism.
All strains of C. albicans and C. stellatoidea tested
formed germ tubes within 1 hour in human serum or tryptic
soy broth incubated at 37 C in 7% CO 2 and in human serum
incubated in air.

When these strains were incubated in tryptic
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soy broth in air, no germ tubes were observed until 2 hours
incubation.

The fact that an increased CO

2

atmosphere de-

creased the amount of time required for filamentation in
tryptic soy broth indicates that CO
formation.

2

will enhance germ tube

It is possible that serum will absorb atmospheric

CO, at a higher rate than will tryptic soy broth or that the
4
26-29 mEq/1 of CO2 found in normal serum is sufficient to
stimulate formation of germ tubes.

These findings are of no

value in distinguishing C. albicans from C. stellatoidea;
however, they may be of interest to those laboratories which
choose to use tryptic soy broth for germ tube formation.
this case incubation in a CO

2

In

incubator could shorten the

length of time required for positive results.
Incubation at 43 C consistently prevented germ tube for mation in a higher percentage of strains of C. stellatoidea
than in C. albicans.

The reasons for this fact are not clear.

It is well known that many enzyme systems are inactivated
at high temperatures.

It is possible that different enzyme

systems, with slightly differing resistances to heat are
involved in filamentation in these two species.

However,

there is no experimental evidence to support this.

Lodder

(1970) states that the maximum temperature for growth of C.
stellatoidea is 41-43 C while the maximum for C. albicans is
41-46 C.

In this study no germ ttlJes were formed by either

of the organisms at temperatures higher than 43 C.

It is

possible, however, that the ability of C. albicans to grow
at slightly higher temperatures than C. stellatoidea also
will lead to germ tube formation at slightly higher temperatures.
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Another possibility is that a factor present in serum that
is necessary for filamentation by C. stellatoidea and not
needed by C. albicans is inactivated at this temperature.
But this is unlikely since serum that has been heated to
56 C will stimulate germ tube formation (Reynolds and Braude,
1956).
The factor, or factors, present in serum that are necessary for germ tube formation apparently are needed by both
organisms at approximately equal concentrations.

When serum

was diluted 1:8 with saline all strains developed germ tubes.
At dilutions of 1:64 some of the strains of both species
developed germ tubes.

Although dilution with saline does not

help to differentiate between C. albicans and C. stellatoidea
this knowledge may be of value to laboratories in which serum
is not readily available.

As an economy measure serum could

be diluted befor,3 use in the germ tube test.
The presence of a carbohydrate such as glucose is necessary for the formation of germ tubes in C. albicans (Mardon,
et al., 1971).

The failure of C. albicans and C. stellatoidea

to form germ tubes at very high concentrations of glucose
is probably due to the high osmotic pressures created by
these concentrations of the carbohydrate.

Germ tube formation

is apparently not dependent upon the ability of the yeast to
assimilate carbohydrates.

If this were true one would expect

both species to form germ tubes in a minimal nutrient medium
containing only glucose and only C. albicans to form them in
such a medium with sucrose, but this was not the case.

Germ

tube formation is probably dependent upon a certain formulation
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of many chemicals rather than only the proper concentration
and source of energy.

Further work in this area may even-

tually lead to development of a medium for differentiation
of the two organisms.

Development of the synthetic medium

described by Lee, et al. (1975)was based upon aminopeptidase
patterns of C. albicans.

Perhaps this technique could be

applied to C. stellatoidea to determine if differences exist
in the amino acid requirements of the two organisms.

Such

knowledge could then be applied to the development of a
medium specific for one of the yeasts.
Growth on enteric media again shows a very close relationship between C. albicans and C. stellatoidea.

The pre-

sence of filamentous or "feathery" colonies on Levine EMB
can be used as a presumptive test for the presence of either
C. albicans or C. stellatoidea.

The size of these filamentous

colonies can give further information in regards to identification.

On Levine EMB agar when incubated in 7% CO2 at 37

C for 24 hours C. albicans consistently formed colonies 1-2
mm in diameter while C. stellatoidea formed pinpoint colonies.
The differences in typical growth of both organisms on EMB
when compared to Levine EMB is probably due to the different
carbohydrate sources in the two media.

EMB contains 1.0%

lactose, while Levine EMB contains 0.5% lactose and 0.5%
sucrose.

However, the growth differences are probably not

directly related to these concentrations.

Neither of the

two organisms ferment lactose and both ferment sucrose.

The

lesser concentration of the reducing sugar lactose in Le,,ine
EMB is possibly the basis for the different colony sizes.

48

It is felt that this growth tendency should be used only for
presumptive identification and that proper biochemical tests
are necessary for confirmation.
The use of commercial C. albicans antiserum also is not
a dependable means of distinguishing C. albicans from C.
stellatoidea.

The occasional false positive results given

by C. stellatoidea with C. albicans antiserum would probably
not be of great consequence in regards to patient treatment.
The more important error would be due to the weak agglutination given by some strains of C. albicans.

These strains

could easily be judged as negative, especially by an inexperienced microbiologist.
The response of C. albicans and C. stellatoidea to
antimycotic agents is very simialr.

Of the six agents tested

only Trimo-San demonstrated a statistically different response in in vitro studies on the two organisms.

Care should

be taken in applying this result to treatment of these
organisms since the response of the yeast to the agent on
culture media could be greatly different than the response in
the vagina due to the high acidity and competitive flora of
the latter.
The MIC's of amphotericin B against the two organisms
ranged from 0.63 to 1.25 ug/ml.

These values are consistent

with the work of Hamilton-Miller (1972) who found the MIC
of amphotericin B to he from 0.25 to 4.0 ug/ml when 343 strains
of C. albicans were tested.

Very recent work by Beggs, et al.

(1976) has demonstrated synergism of amphotericin B and
rifampin against isolates of Candida species.

However,
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concentrations of the two drugs required for synergism
against C. stellatoidea were different from those required
for the other species.

Further studies on combinations of

agents may be useful in developing media for the differentiation of C. albicans and C. stellatoidea.
Specific inhibition of either C. albicans or C. stellatoidea on solid media by other organisms was not demonst
rated,
but inhibition of germ tube formation in bacterially contaminated serum was shown.

Therefore, it is imperative that

only noncontaminated serum be used.

Sterilization of serum

in the laboratory is impractical, but it is essential
that
serum used in the germ tube test be aseptically handled
.
Failure to do so may lead to a delay in germ tube formati
on
or prevent their formation completely.
The primary goal of this study was to modify the germ
tube test so that a distinction between C. albicans
and C.
stellatoidea could be made.

This was not accomplished.

Whether or not the separation of C. albicans and C. stellat
oidea
is necessary in the medical laboratory is questionable.

Many

investigators consider C. stellatoidea to be a variety of
C. albicans.

This view is held by Fell and Meyer (1967) and

by Kamaya (1968).

Campbell (1975), by a computerized

numerical analysis of published data on 104 species of
yeast
found a high degree of correlation between C. albican
s and
C. stellatoidea.

He suggested that C. stellatoidea be con-

sidered a part of the C. albicans group.

However, Lodder

(1970) and Barnett and Pankhurst (1974) maintain a
distinct
species separation.

Studies on pathogenicity of C. albicans and C. stellatoidea
in laboratory animals show a distinct difference in the two
organisms.

Hasenclever (1961) found the pathogenicity of

C. albicans and C. stellatoidea to be similar in mice; however, the susceptibility of rabbits to C. albicans is considerably greater than that to C. stellatoidea.

Hurley (1965)

performed histological examinations of mice which she infected
C. albicans or C. stellatoidea.
with either _

Following intra-

dermal injection C. albicans produced ulcerations that were
not seen with C. stellatoidea.

Likewise, intraperitoneal

injection with C. stellatoidea produced no histological
evidence of disease.

However, when C. stellatoidea was in-

jected intravenously into mice, renal lesions were formed in
many of the animals.

But these lesions were smaller and

their distribution less constant than those formed by C.
albicans.

This demonstrates that C. stellatoidea cannot be

considered only a saprophyte but may have the potential of
pathogenicity.

Therefore, distinguishing between C. albicans

and C. stellatoidea may be of more academic than practical
value.
The survey of Kentucky laboratories demonstrated the
germ tube test to be the most commonly used means of identifying C. albicans.
ization of the test.

It also pointed out a need for standardFrom the present study several general-

izations about the germ tube test may be made.

Germ tubes

are formed by C. albicans and C. stellatoidea not only in
human serum, but also in tryptic digest and tryptic soy broths.
Although not mentioned in the Experimental Section, it was

51

found that no germ tubes were formed in distilled water,
isotonic saline, or in buffer-salt solution containing
either dextrose, lactose or sucrose.

Blood group antibodies

associated with human serum appear to have no effect on germ
tube formation since germ tubes were formed with equal abundance
in serum from individuals of any blood group, whether used
individually or pooled.

It was found that culture age had

no effect on germ tube formation.

Cultures as young as 12

hours and as old as 96 hours formed germ tubes within 3 hours
in serum.

Also, the age of the serum does not affect germ

tube formation.

Pooled serum that had been stored unfrozen

for over 12 months at 0 C stimulated germ tube formation within two hours.

It is also felt that incubation at 37 C for

a period of longer than 3 hours is unnecessary.
The importance of inoculum size in the germ tube test
cannot be overemphasized.

The technique of inoculation used

in these studies is recommended for general use due to its
simplicity.

But care should be taken when loading the tip

of the Pasteur pipette with cells since often a large
amount of cells will adhere to the glass.
When properly executed, the germ tube test provides a
rapid means of presumptively identifying C. albicans or C.
stellatoidea.

Carbohydrate assimilation tests remain the

only reliable means
isms.

It is essential

pos rive identification of these organat those laboratories which depend

only upon the germ tube test for identifying C. albicans be
aware of its limitations, especially since the pathogenicity
of C. stellatoidea is questionable.

Future work may lead
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to a rapid means of distinguishing C. albicans from C.
stellatoidea but the development of a simple differential
germ tube test that would be readily accepted by the medical
microbiologist is not expected.

SUMMARY

A survey was taken by mail of 110 Kentucky hospital and
clinical laboratories inquiring about their methods of identification of Candida spp.

Of the 37 laboratories responding,

27 (73%) stated that the germ tube test was used, however,
there was considerable variation in the methods employed by
these laboratories in the performance of the test.
Earlier workers have found that the germ tube test does
not distinguish between C. albicans and C. stellatoidea.
Various modifications of the germ tube test that could
possibly be used in the differentiation of these two taxa
were investigated.

It was found that both organisms formed

germ tubes at 37 C when oxygen tension was decreased by mineral oil overlay.

Of the 17 yeast strains tested only 2

strains formed germ tubes.

These were both C. stellatoidea.

An atmosphere of 7% CO2 at 37 C enhances germ tube formation

by both species in trypticase soy broth but no difference
was found when incubation was in serum underthe same conditions.

At 43 C, a majority of the strains of C. albicans

tested formed germ tubes while a majority of the C. stellatoidea
strains did not.

However, incubation at this temperature

cannot be used as a distinguishing method since some strains
of C. albicans were negative and some of C. stellatoidea
were positive.
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Strains of both C. albicans and C. stellatoidea formed
germ tubes in serum diluted 1:64 with isotonic saline.
Glucose, added at a rate of 200 mg/ml of serum or greater,
delayed germ tube formation by both organisms.

Glucose when

added at a rate of 1000 mg/ml of serum prevented germ tube
formation within 8 hours at 37 C.

Some strains of both C.

albicans and C. stellatoidea formed germ tubes in an amino
acid synthetic medium when either glucose or sucrose was used
as a carbon source.
The description of typical colonial morphology of 11
species, 30 strains, of yeast grown on EMB and Levine EMB agar
media incubated at 37 C in either air or 7% CO2 revealed no
distinguishing characteristics of C. albicans or C. stellatoidea
after 24, 48, and 72 hours incubation.

None of the yeasts

formed visible colonies after 24 hours on MacConkey, Hektoen
Enteric, Phenylethanol and XLD agar media.

Some strains of

yeasts grew on all media after 72 hours incubation.
The use of C. albicans antiserum cannot be recommended
for differentiation between C. albicans and C. stellatoidea.
Of 8 strains of C. stellatoidea tested, 3 agglutinated with
this antiserum.

Also some strains of C. albicans gave very

weak agglutinations.
Six antimycotic agents were tested against C. albicans
and C. stellato -ilea.

7:ystatin, amphotericin B, Sporostacin

Cream, Betadine Vaginal Gel, and Mycostatin Vaginal Tablets
demonstrated no statistical difference in effects upon the
two yeasts.

However, Trimo-San Vaginal Jelly demonstrated

a highly significant (p=-0.01) greater effect on C. stellatoidea
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than on C. albicans.
No inhibition of C. albicans or C. stellatoidea was demonstrated by other microorganisms when they were grown
simultaneously with each of 27 other species of yeast and
bacteria on solid media.

However, it was demonstrated that

bacterial growth in serum could inhibit germ tube formation
by both species.
The suggestion of some investigators that C. stellatoidea
be considered a variety of C. albicans is discussed by comparing earlier studies on the pathogenicity of the two
organisms.
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