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ABSTRACT

Differential identification of Trichophyton rubrum 
and Trichophyton mentagrophytes was evaluated by using 
standard in vitro hair penetration as a criterion for 
identification and comparing its effectiveness to nine 
other tests used to differentiate these two taxa.

Correlation and multiple regression analysis showed 
that no single test or combination of these tests was able 
to make the differentiation as effectively as the standard 
in vitro hair penetration test.

By utilizing relative error analysis an identifica
tion scheme based upon selective utilization of potato 
carrot agar for sporulation and the standard in vitro hair 
penetration test was suggested. By performing the potato 
carrot test on each non-sporulating initial isolate, and 
subsequently performing the standard in vitro hair penetra
tion only on those strains that fail to produce spores on 
potato carrot medium, this combination scheme was shown to 
provide more expedient results without any sacrifice in 
reliability as compared to the standard in vitro hair 
penetration test alone.

vi



INTRODUCTION

Trichophyton rubrum and Trichophyton mentagrophytes 
are the two most common clinically isolated dermatophytes 
in the United States (12). The establishment of T. rubrum 
as the predominant isolate over T . mentagrophytes (12, 13, 
18) coupled with the chronic nature of the disease state 
caused by T . rubrum (7) have made the differentiation of 
these two taxa increasingly important. The classification 
of dermatophytes has traditionally been based upon the 
morphology of their asexually produced spores. Unfortu
nately, the most commonly isolated strain of T. rubrum 
is usually non-sporulating (15). Various morphological 
features, physiological capabilities and antigenic differ
ences have been cited by others as valid tools for 
differential identification of T. rubrum and T. mentagro
phytes (1, 9, 11, 14, 19, 20, 21). The most reliable of 
these tests has been the standard in vitro hair penetration 
test (5, 21). This test is based upon the capability of 
T. mentagrophytes to perforate hair and the inability of 
T. rubrum to do this. The standard in vitro hair penetra
tion test is effective and simple to perform, but is time 
consuming, requiring one to four weeks to complete.
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For this study we have selected nine other tests 
used in the differential identification of T. rubrum and T. 
mentagrophytes. We have attempted to find if any individual 
test or combination of these tests could make the differen
tiation between these two organisms more expediently than 
the standard in vitro hair penetration test without a 
significant decrease in reliability.



MATERIALS AND METHODS

Acquisition of Cultures 
A total of 100 cultures were used in this study.

The majority of these isolates were originally obtained 
from clinical material submitted to our laboratory by 
dermatologists in the Tucson area for identification pur
poses. Several isolates were received from David Tapian. 
Assistant Professor, University of Miami Medical School.

Preliminary Identification 
of Cultures

All of the cultures used in this study were either 
Trichophyton mentagrophytes or Trichophyton rubrum. Specu
lation, typical for the taxon, was the primary means for 
preliminary identification of strains isolated in our 
laboratory. If a strain did not sporulate on the initial 
isolation media, neutral Sabouraud medium plus antimicrobial 
agents (6) and Littman Oxgall (10) without antimicrobials, 
it was transferred to potato carrot agar to stimulate 
speculation. For a few isolates that did not have typical 
sporulation or did not sporulate at all, nutritional tests 
for the identification of dermatophytes were used (2, 8). Any 
isolate not producing growth patterns consistent with these
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two taxa were removed from this evaluation. All cultures 
received from David Taplan were identified by him by means 
other than sporulation.

Maintenance of Cultures 
Several of the cultures, including all of the Taplan 

isolates, had been held at -20°C for varying lengths of time 
before their use. Before the onset of this study, these 
cultures were thawed, transferred to neutral Sabouraud agar 
(6) and maintained at room temperature, 24-26°C, along with 
all the remaining isolates. Recent clinical isolates that 
were solitary, uncontaminated colonies were transferred in 
the same manner from one of the original isolation' media 
without being frozen.

Inoculation of Tests 
All tests used in this study were inoculated with . 

pinpoint inocula taken from 21 day old cultures grown on 
neutral Sabouraud agar (6).

Statistical Evaluation 
To facilitate statistical evaluation, all test 

results were recorded as positive or negative. Because 
of high reliability standard in vitro hair penetration 
was used as the criterion test for all statistical evalua
tions (5, 21). In order to reduce statistical bias, all
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,cultures were assigned numbers before testing, and were 
treated as unknowns thereafter. Each medium used in this 
study was prepared in single batch to avoid any batch to 
batch variation (3).

Standard in Vitro Hair Penetration 
The standard in vitro hair penetration test was 

performed in glass petri dishes according to the procedure 
of Ajello and Georg (1). The test fungi were inoculated 
into the petri dishes and incubated at room temperature 
for 28 days. At 7, 14 and 28 days, a few hairs were 
removed, mounted into a drop of lactophenol cotton blue (2) 
and examined microscopically for wedge shaped perforations. 
The presence of any perforations within 28 days was recorded 
as a positive result.

Agar Block Hair Digestion 
Agar block hair digestion tests were performed as 

described by Lu (11) using blonde, human hair. The slide 
cultures were maintained at room temperature with sterile 
water being added daily to prevent drying. Each day, for 
ten days, the slides were removed from the petri dishes and 
examined under high power for growth and the presence of 
perforations. The test was recorded as positive if a total 
of ten perforations or more were detected within 5 days.



Urea Agar Decomposition 
Urea agar was prepared according to the method of 

Christensen (4, 19). Fifteen milliliters of the medium 
was distributed aseptically into 16 x 150 mm tubes and 
sloped. The tubes were inoculated with a pinpoint inocula 
of fungal growth and incubated at room temperature. The 
slants were examined daily, for 14 days. The development 
of a bright pink color throughout the medium within 14 days 
was regarded as a positive result.

Urea Broth Decomposition 
Christensen's urea broth medium (9) was prepared 

according to manufacturer's instructions (Difco Laboratories, 
Detroit, Michigan) and aseptically dispensed into 13 x 100mm 
tubes in two milliliter aliquotes. By pre-experimentation 
in our laboratory, this amount was determined to be the 
optimal amount of broth for this test system. A pinpoint 
inoculum of fungal growth was transferred into the broth, 
and the tubes were incubated at room temperature. The 
tests were read daily for seven days. The development of 
a bright pink color throughout the medium within four days 
was considered to be a positive result.



Potato Carrot Sporulation 
Potato carrot agar was used to stimulate sporula

tion of Trichophyton rubrum. This medium was prepared by 
combining 20 grams of potatoes,^previously peeled and cut 
into small pieces, with 20 grams of'-carrots, previously 
peeled and cut into small pieces. These were boiled in 
1 liter of distilled water for 30 minutes. After strain
ing, 20 grams of agar was added, the medium was autoclaved 
at 115°C for 15 minutes, dispensed into 15 x 150 mm tubes 
in 15 milliliter aliquotes and sloped. This agar was 
inoculated with pinpoint inocula of the test fungus, and in
cubated at room temperature for 28 days. At 7, 14 and 21 
days, a small amount of fungal growth was aseptically re
moved from the tubes and mounted into a drop of lactophenol 
cotton blue for microscopic examination. The detection of 
typical Trichophyton rubrum microspores and/or macrospores 
was considered to be a positive result (15). The presence 
presence of typical Trichophyton mentagrophytes microspores 
and/or macrospores (15) , or the complete absence of spores, 
was recorded as a negative result.

Autoclaved Urea Assimulation 
Autoclaved urea assimulation test medium and basal 

test medium were prepared according to the method of 
Philpot (14). : These two media were aseptically dispensed
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in 15 milliliter aliquotes into 16 x 150 mm tubes and 
sloped. Test fungi were grown on the nitrogen free basal 
medium for 7 days and then subcultured via pinpoint inocu
lations to the nitrogen containing test medium. Growth on 
the test medium was observed at 7 and 14 days after inocula
tion with the reading taken at 14 days being recorded as 
the end result. Growth on the test medium was compared to 
growth on the nitrogen free control inoculated at the same 
time and in the same manner as the urea test medium. The 
result was considered positive if the growth on the test 
medium was 150%.or more of the nitrogen free control.

Filtered Urea Assimulation 
Filtered urea assimulation test medium and basal 

test medium were prepared according to the method of Philpot 
(14) with the substitution of filtered urea for autoclaved 
urea in the urea test medium. This was done out of concern 
for the ability of urea to withstand autoclaving. Except 
for this substitution, the preparation of the medium, the 
observation of the test and the recording of the results 
were identical to the procedure previously described for 
autoclaved urea assimulation.



Dip Slide Penetration 
A modified slide culture technique called the dip 

slide penetration was devised in our laboratory to test 
for fungal hair penetration. Slide culture assemblages 
were made according to the method of Riddell (16) and steri
lized before use by autoclaving at 115°C for 15 minutesi 
The slide from each assemblage was aseptically removed, 
dipped into a solution of hot, sterile 2% agar, returned 
to the assemblage and allowed to harden. The slides were 
inoculated in two lines down their length with a pinpoint 
inoculum of fungal growth. Blonde, human hairs, previously 
cut to approximately 1.2 centimeters and sterilized by 
autoclaving, were placed with sterile forceps, 2 hairs per 
slide, at right angles to the lines of fungal inoculation. 
These preparations were covered with a sterile cover glass 
pressed gently to cause adherence to the slide. Sterile 
water was added to the petri dishes and the slide cultures 
were maintained at room temperature. At 3, 5 and 7 days 
after inoculation, the slides were removed from the petri 
dishes and examined microscopically for the presence of 
perforations. The development of 7 or more perforations 
within 7 days was considered to be a positive result.
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Potato Dextrose Pigment 
Potato dextrose agar was prepared according to 

manufacturer's instructions (Difco Laboratories, Detroit, 
Michigan), aseptically dispensed in 15 milliliter aliquotes 
into 16 x 150 mm tubes and slanted. The agar was inoculated 
with a pinpoint inoculum of test fungus and incubated at 
room temperature for 28 days. The cultures were examined 
for pigment production at 7 day intervals. The development 
of a wine red pigment on the reverse side of the medium 
within 28 days was recorded as a positive reaction (19).

Micro Penetration 
A modified slide culture technique called micro 

penetration was devised in our lab to assay for hair pene
tration. Slide culture assemblages were prepared according 
to the method of Riddell (16) substituting depression 
slides for standard microscope slides. These assemblages 
were autoclaved at 115°C for 15 minutes. Two drops of 
sterile distilled water, one drop of sterile 2% yeast 
extract and 4 to 6 strands of blonde, human hair, previously 
cut to approximately 1 cm and sterilized by autoclaving, 
were placed into the depression well of each slide. A 
small amount of fungal growth was inoculated into each well. 
Sterile water was added to the petri dish, and these 
assemblages were incubated at room temperature. At 3, 5



and 7 days after inoculation a single hair was removed from 
each well, mounted into a drop of lactophenol cotton blue 
and examined microscopically for the presence of perfora
tions. The detection of 5 or more perforations within 7 
days was considered to be a positive result.



RESULTS

The relative error of the nine tests used to differ
entiate T. mentagrophytes from T . rubrum with standard in - 
vitro hair penetration as the criterion result are shown 
in Table 1. These results are ranked in descending order 
on the basis of percent correct.

Correlation analysis was performed using standard 
in vitro hair penetration as the criterion test. Coeffi
cients of determination for the nine tests are ranked in 
descending order in Table 2. F-ratios- are taken from Rohlf 
and Sokal (17). The correlation analysis indicates a 
decrease in the total amount of variation that can be 
explained by each of the nine tests compared to the standard 
in vitro hair penetration test. Assuming the standard in 
vitro hair penetration results to be correct, each of the 
nine tests, independently, has significantly lower capa
bility in differentiating T. mentagrophytes from T. rubrum.

A multiple regression analysis was performed again 
using standard in vitro hair penetration as the criterion 
test to measure the collective ability of the nine tests 
to differentiate T. mentagrophytes from T. rubrum. The 
regression equation obtained could only explain 90.58% of

12
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Table 1. Relative error of the nine tests used to 
differentiate T. mentagrophytes from T. 
rubrum using standard in vitro hair pene
tration as the criterion test.

TEST

Agar Block Hair Digestion 
Urea Agar Decomposition 
Micro Penetration 
Urea Broth Decomposition 
Potato Carrot Sporulation 
Autoclaved Urea Assimulation 
Dip Slide Penetration 
Potato Dextrose Pigment 
Filtered Urea Assimulation

% CORRECT % FALSE % FALSE 
DESIGNATION POSITIVE NEGATIVE

96 9 1
95 4 1
94 • 5 1
93 5 2
92 0 8
90 8 2
8 7 3 10
82 7 11
73 0 27
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Table 2. Coefficients of determination for nine tests 
used to differentiate T. mentagrophytes from 
T . rubrum using standard in vitro hair pene
tration a$ the criterion test.

TEST
COEFFICIENT OF 
DETERMINATION

Standard In Vitro Hair Penetration 1.0000
Agar Block Hair Digestion 0.8142a
Urea Agar Decomposition 0.7274
Micro Penetration 0.6911
Urea Broth Decomposition 0.6410
Potato Carrot Sporulation 0.6012
Autoclaved Urea Assimulation 0.5675
Dip Slide Penetration 0.3909
Potato Dextrose Pigment 0.3175
Filtered Urea Assimulation 0.2860

^Significantly less than 1.0000 as determined by 
F-ratio at the 0.05 level



the variance which was shown to be significantly less than 
100% by evaluation of the F-ratio at the 0.05 level. This 
means that no combination of the nine tests studied could 
make the differentiation between T. mentagrophytes and 
T. rubrum without a significant decrease in reliability.



DISCUSSION

A number of isolates of both T. mentagrophytes and 
T . rubrum-will sporulate on initial isolation media and can
be identified with little difficulty. However, the most
frequently isolated strain of T. rubrum is typically non- 
sporulating (15) . This fact has led to the development of 
physiological tests as aids in the differential identifica
tion of these two species (1, 9, 11, 14, 19, 20, 21).
Using the standard in vitro hair penetration as a criterion 
for identification, the present study has shown that none 
of the nine tests selected for this study, independently, 
was able to differentiate T . rubrum from T. mentagrophytes 
without a significant decrease in reliability.

Furthermore, multiple regression analysis has shown 
that no combination of these nine tests was able to make 
the differentiation between these two taxa as effectively 
as the standard in vitro hair penetration test.

Initially, these data seem to establish the hair
penetration test as a mandatory procedure for identifica
tion. However, by examining the relative error analysis 
(Table 1) we suggest an identification scheme that would 
alleviate the need for performing a standard in vitro hair

16



penetration test on each isolate without sacrificing any 
reliability. All of the error associated with the potato 
carrot test can be classified as false negative and can 
be attributed to cultures which failed to produce spores. 
When the potato carrot test was successful in stimulating 
spore production, it had perfect correlation with the 
standard in vitro hair penetration results. By performing 
the potato carrot test on each isolate that fails to pro
duce spores on initial isolation media, one would only have 
to resort to standard in vitro hair penetration testing on 
those occasions where spores were not produced on potato 
carrot. Since 92% of our cultures were stimulated to pro
duce spores on this medium and only 10-14 days were required 
to perform the potato carrot test, selectively combining the 
potato carrot test and the standard in vitro hair penetra
tion test provides a practical alternative to performing 
standard in vitro hair penetration tests on all non- 
sporulating initial isolates while maintaining the same 
level of reliability.
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