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ABSTRACT 

Eighty nail samples were processed in a controlled, 

quantitative study to compare a homogenizer with the con

ventional scrapping method for diagnosing onychomycosis. 

No significant difference was seen between the two methods. 

Twenty-two (33%) homogenized specimens were positve by 

direct KOH preparation compared to 24 (307») scraped speci

mens. Twenty-six (33%) homogenized specimens were culutre 

positive compared to 24 (30%) scraped specimens. Onychomy

cosis was diagnosed by direct KOH preparation and/or cul

ture in 35 (44%) homogenized specimens compared to 36 (45%) 

scraped specimens. 

To ascertain the longevity of fungi in clinical 

material, Microsporum canis in guinea pig skin scales was 

used. Skin scales stored at four temperatures were sampled 

at various times over 414 days. At 37°C the results were 

as follows: no loss of viability up to 84 days; pronounced 

loss at 190 days; with no viability after 301 days. At 

24-26°C and 30°C, there was no loss of viability up to 190 

days, with significant loss in viability on day 301, and 

no viability by day 414. No loss of viability was ob

served at 4°C. 

vii 



EXPERIMENT I 

A COMPARISON OF THE USE OF THE NAIL HOMOGENIZER 
WITH THE CONVENTIONAL METHOD OF SCRAPING TO 

PROCESS NAIL SPECIMENS FOR THE 
DIAGNOSIS OF ONYCHOMYCOSIS 

1 



CHAPTER 1 

INTRODUCTION EXPERIMENT I 

Laboratory diagnosis of onychomycosis has been, and 

continues to be, one of the most difficult problems in the 

clinical mycology laboratory. Diagnosis can be made either 

by observation of fungal elements in a direct microscopic 

examination or by isolation and identification of a fungus 

known to cause onychomycosis. Clinical investigations have 

met with varying degrees of success due to the difficulty 

in detecting fungal elements and isolating fungi known to 

cause onychomycosis. 

A nail homogenizer was reported to greatly increase 

the percentages of observations of fungal elements in 

direct microscopic examination and isolation of fungi in 

culture from clinically diagnosed cases of onychomycosis 

(1). The sample size of that study was too small to anal

yze for statistically significant differences between 

the nail homogenizer and the conventional method of scrap

ing. Other investigators (2) have mentioned the use of 

nail homogenizers, but no data from those studies have 

been reported. The percentage of positive direct KOH 

preparations has varied widely, from a low of 20% (3) to 
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a high of 12% (5). These studies were completed before the 

nail homogenizer was developed. 

The present study was conducted to compare the nail 

homogenizer with the conventional method of scraping to 

determine if, when using the homogenizer, an increase in 

the number of positive direct microscopic examinations and 

culture isolations would be found. 



CHAPTER 2 

MATERIALS AND METHODS EXPERIMENT I 

Nail specimens from suspected onychomycosis were 

collected by the Podiatry Department at the Veterans 

Administration Hospital, Tucson, Arizona, and by various 

dermatologists in Tucson. The nail specimens were pro

cessed in the dermatology clinic laboratory at the Depart

ment of Microbiology and Immunology, University of Arizona. 

The nails were cut into four equal pieces. The nail 

pieces were then processed either by scraping with a scal

pel on the under surface of the nail (scraping) or by 

grinding in a nail mill (homogenizing). The scraping and 

homogenizing was performed over amphyl soaked paper towels 

to prevent contamination. The processed specimens were 

inoculated onto three different mycological media in petri 

dishes, and slides were prepared for direct microscopic 

examination using 10% KOH containing ink and glycerin (6). 

The method (scraping or homogenizing) that was performed 

first, the pieces of nail that were used for each method, 

and the order in which the various media were inoculated, 

were chosen at random. 
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The nail mill consists of four small pieces of 

stainless steel (1). Nail pieces were placed in the mill 

pit. The mill halves were firmly pressed together and 

rotated in opposite directions several times. The milling 

process acted to pulverize and homogenize the specimen. 

The nail mill was easily disassembled and sterilized by 

placing the cutting heads in 70% alcohol for 25 minutes (7). 

The remaining pieces of the nail mill were decontaminated 

by wiping with 707o alcohol. 

The isolation media used in this study included 

Littman's oxgall, Sabouraud plus chloramphenicol, and 

Sabouraud plus chloramphenicol and actidione. Actidione, 

while antifungal mostly to nonpathogenic fungi, is active 

against Aspergillus species and other contaminant fungi 

that can cause onychomycosis. Therefore, Sabouraud with 

and without actidione was needed. 

Littman oxgall agar was prepared according to the 

manufacturers directions (Difco Laboratories, Detroit, 

Michigan). Sabouraud agar medium was prepared according 

to the modified method of Emmons, Binford, Utz, and Kwon-

Chung (8). Chloramphenical (Chloromycetin, Parke-Davis and 

Co., Detroit, Michigan) dissolved in 95% ethyl alcohol, 

was added to give a final concentration in the medium of 

40 ug/ml. Cycloheximide (Actidione, The Upjohn Co., 

Kalamazoo, Michigan), dissolved in a small quantity of 



acetone, was added to give a final concentration of 500 

ug/ml in the medium. Each medium, in 20 ml amounts, was 

aseptically dispensed into separate sterile, glass petri 

dishes as was previously described (9). The medium after 

solidifying was refrigerated until used. 

The inoculated media were stored at room tempera

ture. The cultures were checked periodically for up to 

three weeks before any were reported as negative. The 

identification and number of fungi isolated were recorded. 

Dermatophytes were identified using Rebell & Taplin (10). 

Aspergillus species were identified using The Genus 

Aspergillus (11). Additional fungi were identified using 

Beneke & Rogers Medical Mycology Manual (12). 

Finding of fungal elements by direct microscopic 

KOH preparations using the two different methods were also 

compared and recorded. 



CHAPTER 3 

RESULTS EXPERIMENT I 

Eighty nail samples were processed in a controlled, 

quantitative study to compare a nail horaogenizer with the 

conventional method of scraping for the diagnosis of 

onychomycosis. The numbers and percentages of positive 

and negative observations of fungal elements using 10% KOH 

with ink and glycerin, and isolation of fungi known to 

cause onychomycosis on various media of homogenized and 

scraped nail specimens are presented in Table 1. Of the 

homogenized specimens, 9 (11.25%) were positive by direct 

KOH preparation only, 13 (16.25%) were positive by culture 

only, and 13 (16.25%) were positive by both direct KOH 

preparation and culture. A total of 45 (56.25%) nail 

specimens were negative in both direct KOH preparation and 

culture. Of the scraped specimens, 12 (15%) were positive 

by direct KOH preparation only, 12 (1570) were positive by 

culture only, and 12 (15%) were positive by both direct 

KOH preparation and culture. A total of 44 (55%) nail 

specimens were negative in both direct KOH preparation 

and culture. 
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Table 1. Numbers and percentages of positive and negative 
observations of fungal elements and isolation of 
fungi known to cause onychomycosis of homogenized 
and scraped nail specimens from a total of 80 
clinical samples. 

Homogenized Scraped 

* 9 KOH+ 
**13 CULTURE+ 

13 BOTH+ 
45 BOTH-

* KOH+ (22/80) = 28% 
** CULTURE+ (26/80) = 33% 

KOH &/or CULTURE* (35/80) 
= 44% 

* 12 KOH+ 
**12 CULTURE+ 

12 B0TH+ 
44 BOTH-

* K0H+ (24/80) = 30% 
** CULTURE+ (24/80) = 30% 

KOH &/or CULTURE+ (36/80) 
= 45% 

* Presence of fungal elements using 10% KOH with ink. 
** Isolation of fungi known to cause onychomycosis. 
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No difference was seen between the two methods for 

the diagnosis of onychomycosis. Twenty-two (28%) homogen

ized specimens were positive by direct KOH preparation 

as compared to 24 (30%) scraped specimens. Twenty-six 

(33%) homogenized specimens were culture positive as 

compared to 24 (307o) of the scraped specimens. A diagnosis 

of onychomycosis by either direct KOH preparation and/or 

culture was made in 35 (44%) of the homogenized specimens 

as compared to 36 (457o) of the scraped specimens. 

To test for the significance of differences be

tween the two percentages, the following formula (13) was 

used: 

arcsin yp^" - arcsin ̂ p2 
t s  J $20.8 (1/^ + l/n2) 

where p^ and p2 are the percentages of the 2 samples, n^ 

and n2 are respective sample sizes, and 820.8 is a constant 

representing the parametric variance of a distribution of 

arcsine transformations of percentages. The t value ob

tained from this calculation is 0.17 indicating no signif

icant difference between the two methods for the sample 

size used. 

A summary of results is presented in Table 2, in 

which each nail sample is categorized as to positive and 

negative results for all the possible combinations of 
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Table 2. Positive and negative results for all the 
possible combinations of observations of fungal 
elements and isolation of fungi from material 
from 80 suspected cases of onychomycosis. 

HOMOGENIZED 

KOH/CULTURE 

SCRAPED 

KOH/CULTURE TOTAL 

+ + + + 6 
+ + + - 2 
+ + - + 2 
+ + - - 3 
+ - + + 2 
+ - + - 5 
+ - - + 0 
+ - - - 2 
- + + + 3 
- + + - 1 
- + - + 7 
- + - - 2 
- - 4- + 1 
- - + - 4 
- - - + 3 
- - - - 37 

m 

K0H+ = presence of fungal elements 
KOH- = absence of fungal elements 
CULTURE+ = isolation of fungi known to cause onychomycosis 
CULTURE- = no isolation of fungi known to cause onychomyco
sis 



observations of fungal elements and isolation of fung 

known to cause onychomycosis. 



CHAPTER 4 

DISCUSSION EXPERIMENT I 

Onychomycosis is defined as the infection of the 

nail unit by fungi. It was originally thought that ony

chomycosis was produced exclusively by dermatophytic fung 

It is now known that onychomycosis is also caused by a 

series of other fungi and yeast, most commonly members 

of the genus Aspergillus, Acremonium (Cephalosporium) 

species, Fusarium oxysporum, Scopulariopsis brevicalis, 

Candida albicans, and Candida parapsilosis (14). 

Many researchers (2, 15, 3, 1, 16, 5, 2, 17) have 

noted the difficulty in obtaining a diagnosis of ony

chomycosis. Gentles and Dawson (3), in a study of nail 

samples from 2296 patients with suspected tinea pedis, 

found 2?0 positive by direct KOH preparation only, 3% posi 

tive by culture only, 177o positive by both direct KOH 

preparation and culture, and 787o negative by both pro

cedures. Davis (4), in a study of 2001 suspected fungal 

infected nails, found 25% positive by direct KOH prepara

tion only, 5% positive by culture only, 167> positive by 

both direct KOH preparation and culture, and 547o negative 

by both procedures. In a study of 183 abnormal toenails, 

12 



Zaias (5) found 7% positive by direct KOH preparation only, 

377o positive by culture only, 3570 positive by both direct 

KOH preparation and culture, and 21% negative by both 

procedures. 

Many explanations have been written to explain the 

discrepancy of why many seemingly diseased nails fail to 

show evidence of fungal infection. Microscopic observa

tion of fungal elements in a nail specimen is conclusive 

evidence of fungal involvement. Unfortunately, a negative 

microscopic result is not absolutely conclusive. It may 

mean several things. The diseased condition may not be 

due to a fungus as fungi are not the sole cause of nail 

dystrophy (18, 19). Also, the fungus may not be present 

in the specimen taken, or the fungal elements in the 

preparation may have eluded the observation of the micro-

scopist. Microscopically identifying fungal elements in 

a nail specimen can be difficult. Multilayers of epider

mal cells can obscure the true outline of fungal hyphae, 

and also make it more difficult to differentiate fungal 

elements from intercellular artifacts (1, 6). 

Nail specimens which have been found to contain 

fungal elements by direct microscopic examination often 

fail to yield positive cultures. This discrepancy may be 

due to several factors, including 1) improper collection 

and processing of nail samples; 2) failure to isolate 
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nondermatophytic fungi when the culture medium contains 

cycloheximide; 3) inhibition of fungal growth by coexist

ing microorganisms; and 4) prior treatment with antifungal 

agents. This failure to recover fungi from abnormal 

nails has led investigators to culture multiple nail sam

ples in an effort to achieve fungal recovery. 

A nail homogenizer was developed as an aide to 

the diagnosis of onychomycosis (1). The homogenizer re

duces the nail specimens to a convenient size for obser

vation and inoculation onto culture media. It was reported 

to greatly increase the numbers of observations of fungal 

elements microscopically and numbers of fungi isolated from 

clinically diagnosed cases of onychomycosis. In their 

study, Luedeman and LeBreton (1) found that the use of a 

homogenous sample for microscopy resulted in preparations 

that were easier to examine, which increased the oppor

tunity for discovery of fungal elements. They proposed 

that the use of a pulverized specimen increases the possi

bility of culture isolation by allowing greater numbers of 

potentially viable fungal cells to come into direct con

tact with the isolation media. The sample size of their 

study was too small to analyze for statistically signifi

cant differences between the nail homogenizer and the con

ventional method of scraping. Other investigators (2) 
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have mentioned the use of nail homogenizers, but no data 

from those studies have been reported. 

In the present study, the two methods of processing 

nail specimens were compared. A diagnosis of onychomycosis 

by either direct KOH preparation and/or culture was made 

in 35 (447o) of the homogenized specimens and in 36 (457») 

of the scraped specimens. No difference was seen between 

the two methods for the diagnosis of onychomycosis. To 

determine the sample size required to detect any signifi

cant difference between the two methods being compared, 

the following formula (20) was used: (arcsin 

- arcsin * From' the table of coefficients given by 

Rohlf and Sokal (20), at the 957. confidence level, the 

number of samples required for various probabilities of 

detecting a true difference are: 10,689 samples at 507o 

probability; 21,839 samples at 807. probability; 29,237 

samples at 907o probability; and 51,121 samples at 997o 

probability. Therefore, further investigation of more 

samples does not appear to be necessary. 

As previously stated, the diagnosis of onychomy

cosis can be very difficult to substantiate. It is 

apparent from the many studies that have been done that 

more diagnosis of onychomycosis can be attained if both 

direct microscopic examination and culture are performed. 

Also, multiple nail samples are often necessary to obtain 
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a diagnosis of fungal infection. This was supported in the 

present study by the fact that a diagnosis of onychomycosis 

was made in 43 (54%) of the 80 samples when results of 

the 2 methods were combined. 

It appears that there is no difference in results 

in how the specimen is processed. No apparent differences 

were seen in the present study between homogenized and 

scraped specimens. Because the results of the 2 methods 

were equivalent, a practical approach to processing 

specimens could be based on sample size. Large pieces of 

nail samples that are easy to hold and scrape would best 

be processed by scraping. Medium size pieces of nail 

that are difficult to handle would best be processed in 

the nail homogenizer. Tiny pieces of nail could be 

plated directly onto mycological media. 

As stated earlier, fungal infection is only one of 

the many causes of nail dystrophies. A correct diagnosis 

is very important in the treatment of nail dystrophy. The 

treatment of onychomycosis relies on knowing the causal 

agent. For dermatophytes, the present treatment of choice 

is griseofulvin. Treatment with griseofulvin is expen

sive and of long duration. Also various side effects 

have been reported. Other nondermatophytic fungi are 

not susceptible to griseofulvin and will not respond to 
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treatment. For the majority of these infections, avulsion 

of the infected nail plate will result in a cure (17). 



EXPERIMENT II 

THE EFFECT OF TIME AND TEMPERATURE ON THE 
VIABILITY OF MICROSPORUM CANIS IN 

GUINEA PIG SKIN SCAEES 

18 



CHAPTER 5 

INTRODUCTION EXPERIMENT II 

Many investigators have shown that Microsporum 

canis can live for extended periods of time in infected 

skin scales and hair (21, 22, 23, 24, 25). These studies 

were generally performed with nonquantitative assay 

techniques on material stored under uncontrolled condi

tions. The following investigation was carried out in a 

controlled, quantitative manner in an effort to determine 

what effect temperature at 07a relative humidity and dura

tion of storage had on the viability of M. canis in infect

ed guinea pig skin scales and hair. 

Several researchers have noted a seasonal varia

tion of ringworm due to M. canis with a peak incidence in 

the fall and winter months (2, 27, 28, 29, 30). This 

study attempts to determine if survival at the different 

temperatures would help explain the increased number of 

ringworm infections seen in the cooler months. 

In the United States, Tucson, Arizona is unique in 

that M. canis is the second most predominant cause of 

ringworm. It is not as prominent in most other cities of 

the U.S. (31, 32). Our investigations were conducted at 

19 



07c. relative humditiy and at various temperatures ( 4 ° C ,  

room temperature, 30°C, 37°C), which somewhat duplicates 

the climate in Tucson. This study might provide some 

insight to help answer the question as to why Tucson has 

M. canis as the second most isolated dermatophyte if 

results obtained experimentally would correlate to those 

seen epidemiologically. 



CHAPTER 6 

MATERIALS AND METHODS EXPERIMENT II 

The design used for this study was based on previous 

experiences with dermatophytes in skin scales (33, 34, 35, 

36, 37) and preliminary investigations with the strain of 

M. canis used in this experiment. 

Production of Infected Skin Scales 

Microsporum canis #5046 was used to infect the skin 

of guinea pigs. This dermatophyte was isolated and iden

tified in the dermatology clinic laboratory at the Depart

ment of Microbiology and Immunology, University of Arizona. 

A suspension of fungal particles, including mycelial 

elements, microspores, and macrospores of M. canis was pre

pared in 0.85% saline containing 0.02% Tween 80 (Baltimore 

Biological Laboratories) from cultures grown on Sabouraud 

agar slants for 10 days to 2 weeks at room temperature 

(24-26°C). The slants were flooded with approximately 10-

15 ml of the saline solution, and that was allowed to re

main 20-30 minutes. The fungal particles were then gently 

scraped into suspension. The viable particle count of the 

inoculum used for the experiment was 1.07 x 10 per ml. 

21 
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Two male Rockefeller guinea pigs, obtained from 

the Department of Microbiology and Immunology, University 

of Arizona, were infected by the general procedures of 

Held and Friedman (38) . Hair clippers (Oster) were used 

to clip the dorsal region of the guinea pigs. Depilatory 

cream (Nair) was applied to the shaven area and left for 

15 minutes as per directions from the manufacturer. The 

depilatory cream was rinsed off with a gentle stream of 

running water, leaving the area smooth and free of hair. 

Unlike the method of Held and Friedman (38), scarification 

of the dorsal region with an emery board was not done. 

The guinea pigs were inoculated with 0.5 ml of the sus

pension of M. canis prepared earlier. This was accomplish

ed by placing drops of the suspension over all areas of 

the shaven region. Gauze pads coated with Polysorb 

Hydrate (E. Fougera and Co., Inc., Hicksville, N.Y.), a 

water-miscible base, were then taped to cover the inocu

lated area to hold the inoculum in place. The guinea pigs 

were then placed in individual cages to be observed daily 

for signs of infection. The gauze pads were removed six 

days after inoculation when the backs of the guinea pigs 

became erythematous. 
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Processing of Skin Scales and Hair 

Skin scales and hair were collected from one week 

to four weeks after inoculation on days 7, 8, 9, 11, 12, 

14, 15, 17, 21, 24, 26, 29, and 30. They were stored at 

4°C in separate sterile glass petri dishes. Samples of the 

skin scales and hair were plated on Sabouraud-gentamicin-

cycloheximide medium for isolation of the infecting organ

ism. Material collected after day 21 produced no growth. 

Therefore, only skin scales and hair collected from days 

7-21 were used. Pooled skin scales and hair from the 

infected guinea pigs were placed in a sterile glass beaker 

and thoroughly mixed for one hour using a magnetic stirrer 

(Magnestir, Lab-Line Instruments, Melrose Park, Illinois) 

in an effort to obtain a homogenous mixture of fungal 

particles, skin scales and hair. Random samples of pooled 

skin scales, hair, and fungal particles, each weighing 

0.005 g, were placed in glassine weighing paper and then 

into glassine envelopes. Samples were aliquoted into each 

of four one gallon glass jars. The bottom of each jar was 

lined with a dessicant (selica gel, Fisher Scientific Co., 

Pittsburgh, Pa.). The lids were opened at intervals rang

ing from two to six weeks to allow for gaseous exchange. 

One jar was placed at each of four temperatures: 4°C, 

room temperature (24-26°C), 30°C, and 37°C on day 0. 
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Four samples from each of the four temperatures, 

or a total of 16 samples, were taken on days 38, 84, 190, 

301, and 414. Each sample was placed in a sterile 20 ml 

glass test tube containing 10 sterile glass beads. The 

samples were treated with 2.5 ml of a 0.57o (1:300) trypsin 

solution (Nutritional Biochemicals) for 24 hours. The 

samples were agitated with a Vortex mixer (Scientific 

Products, Evanston, Illinois) for one minute at the be

ginning of the experiment and immediately before plating. 

One ml samples from each test tube were added to 9 ml 

sterile, distilled water blanks to obtain a dilution of 

10 . Two 0.5 ml samples were taken from each dilution 

blank and plated on Sabouraud-gentamicin-cycloheximide 

agar medium. 

The Sabouraud agar medium was prepared according 

to the modified method of Emmons, Binford, Utz, and Kwon-

Chung (8). The medium was autoclaved at 121°C for 15 

minutes. Gentamicin (Schering Corp., Bloomfield, NJ) was 

dissolved in sterile, distilled water and added to the 

medium to give a final concentration of 40 ug/ml. Cyclo-

heximide (Actidione, The Upjohn Co., Kalamazoo, Michigan), 

dissolved in a small quantity of acetone, was added to 

give a final concentration in the medium of 500 ug/ml. 

After the antibiotics were added, 20 ml portions of the 

medium were aseptically dispensed into sterile, glass 



petri dishes, 100 x 15 mm, with a B-D Cornwall syringe 

(Becton, Dickinson and Co., Rutherford, NJ). The medium 

was uniformly prepared and stored in metal cannisters at 

4°C for no longer than one week before use (9). The 

inoculated plates were examined from day 5 to day 10 for 

developed colonies. Colony counts of the samples were 

transformed to log^Q for evaluation. 



CHAPTER 7 

RESULTS EXPERIMENT XI 

The viable colony counts of M. canis stored at 

various temperatures and samples at days 38, 84, 190, 301, 

and 414 are presented in Table 3. The organism was ob

tained from infected guinea pig skin scales and hair and 

treated with 0.57o trypsin as described previously. Data 

from the 30°C sample on day 38 were not available due to 

a broken test tube. The data were analyzed using analysis 

of variance, which is summarized in Table 4. Statistical 

values were taken from Rohl and Sokal (20). 

The analysis of variance shows a statistically 

significant interaction between time and temperature on 

the viability of M. canis. This indicates that the via

bility of M. canis in infected guinea pig skin scales is 

affected differently by temperature over the time of 

storage. Means of log^Q viable counts are shown in Table 

5 and illustrated in Figure 1. 

Figure 1 shows colony counts after storage for 414 

days at various temperatures, at 37°C there was no sig

nificant loss of viability up to 84 days. At 190 days 

storage at 37 C M. canis showed a pronounced loss of 

26 



Table 3. Viable counts of H. canis in infected 
guinea pig skin scales stored at 
various temperatures for various time 
intervals. 

Temoerature 
Day AC 24->36C 30C 

• 

37C 

.9031 .9031 1.3010 1.4771 ND ND .9031 .9042 

.4771 .7782 1.4472 1.3222 1 .7924 1. 8062 1 .0000 .9031 
1.3979 1.3617 1.3979 1.4150 1 .1761 1. 0000 .6990 .6990 

.7782 .7782 .4771 .4771 .6021 4771 .8451 1.2783 

1.2041 1.3979 1.4771 1.4771 1 .7853 1. 7559 1 .9590 1.9445 
.8451 .6990 1.6812 1.3617 .9542 1. 0414 .3010 .4771 
.7031 1.0414 1.0792 1.1139 .6990 6990 .4771 .4771 

1.1761 1.2041 1.6335 1.8388 1 .4771 1. 4624 1 .6335 1.6623 

1.3424 1.2304 .3010 .6021 .4771 0000 .3010 .0000 
1.0792 1.2788 1.1139 1.0000 .8451 1. 0414 .0000 .0000 

.4771 .0000 1.1761 1.1461 .4771 4771 .3010 .0000 
1.5563 1.6232 1.0792 1.2304 .8451 1. 1761 .0000 .0000 

1.7160 1.8261 .3010 .0000 .4771 3010 .0000 .0000 
.8451 .9031 .6021 .3010 .7782 4771 .0000 .0000 

1.0414 1.0414 .0000 .0000 .6021 4771 .0000 .0000 
1.0414 1.1461 .0000 .0000 .4771 

• 
0000 .0000 .0000 

1.1461 1.2788 .3010 .0000 .0000 3010 .0000 .0000 
.7732 .6021 .0000 .0000 .0000 0000 .0000 .0000 
.6021 .6990 .0000 .0000 .0000 u 0000 .0000 .00 CO 
.3010 .8451 .0000 .0000 .0000 

• 
0000 .0000 .0000 

ND = No Data 
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Table 4. Summary of analysis of variance of viable counts 
of guinea pig skin scales infected with H. canis 
stored at various temperatures for various time 
intervals. 

Source of 
Variation 

Degrees of Sum of Mean F 
Freedom Squares Square Ratio 

Total 157 53. 9720104 

Subsamples 78 52. 6095530 

Samples 19 37. 4487281 

Time 4 21. 2727591 5 .3181897 20-.70* 

Temperature 3 6. 99903057 2 .3301019 9 .07* 

Time x Temp. 12 9. 1856633 0 .7654719 2 .98* 

Sample Error 59 15. 1608249 0 .2569631 14 .90 

Subsample Error 79 1. 3624574 0 .1724630 

^Significant at the 95% confidence level. 
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Table 5. Geometric means of viable counts of M. canis in 
infected guinea pig skin scales stored at 
various temperatures for various time intervals. 

Temperature 

Day 4C 24-36C 30C 37C 

18 0.9222 1.3146 1.1423 0.9040 

84 1.0589 1.4578 1.2343 1.1165 

190 1.0734 0.9561 0.6678 0.0753 

301 1.1951 0.1505 0.4487 0.0000 

414 0.7816 0.0376 0.0376 0.0000 



2.0 

CJ 

Qi r-t 
-g 0.5-
•H 

S 0.0-

-1.0 
0 50 100 150 200 250 300 

Time (Days) 

Figure 1. Effect of Time and Storage Temperature on the Viability of 
M. canis in Infected Guinea Pig Skin Scales 

US 
o 



viability, and complete loss of viability was seen after 

301 days. The dermatophyte in skin scales stored at 24-

26°C and 30°C showed no significant loss of viability on 

days 38, 84, and 190. However, on day 301 M. canis stored 

at both temperatures showed a significant loss in via

bility, and virtually no viability of the organism was 

seen by day 414. The colony counts obtained at 24-26°C 

and 30°C provided similar results through the duration of 

the study in that the loss of viability at both tempera

tures occurred at a similar rate. M. canis in skin 

scales stored at 4°C showed no significant loss in via

bility for the duration of the study. 

Linear regression analysis using the least squares 

method was performed on the data from Table 5. Results 

from the linear regression analysis are plotted in Figure 

2. The slope of the line for storage at 4®C is close to 

0, indicating that storage at 4°C did not result in the 

loss of viability. Any differences seen were due to 

sample variability. The 95% confidence limits for the 

other slopes indicate that storage at 24-26°C, 30°C and 

37°C produced significant losses in viability at these 

temperatures during the study period. Linear regression 

plots for 24-26°C and 30°C were virtually identical. 
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CHAPTER 8 

DISCUSSION EXPERIMENT II 

Microsporum canis can live for extended periods of 

time in skin scales and hair under uncontrolled conditions. 

In one study the duration of viability of M. canis in hair 

collected from spontaneous feline ringworm was 422 days 

(22). Other studies have shown that M. canis could be 

recultured from human epilated hair held for 348 days 

and from infected dogs' hair after storage for 22 months 

(24). Dvorak et'al (21), in summarizing the data from 

the literature, found that M. canis survived from two 

months to five years in human and animal skin scales and 

hair. Other investigators have shown that M. canis is 

viable from the shed hair of naturally infected cats for 

more than one year (23). The data from the present in

vestigation shows that M. canis in infected guinea pig 

skin scales lives for extended periods of time at various 

temperatures when stored at 0% relative humidity. 

Several investigators have noted the seasonal 

incidence of dermatomycosis due to M. canis. Kaplan and 

Ivens (29), in an extensive survey of the incidence of 

ringworm in dogs and cats in the U.S., presented data to 

33 
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suggest that seasonal variations occur. A well-defined 

seasonal incidence of ringworm in dogs due to M. canis was 

observed. The peak time of occurrence of these infections 

in dogs was fall and winter. Infections decreased during 

the spring and summer months. A poorly defined seasonal 

incidence in cats was observed. The peak time of occur

rence of feline ringworm was August through September and 

December through January. May and June were the months 

with the lowest incidence of infections. However, infec

tions with M. canis were common in cats during the other 

months of the year. According to Smith (30), in the U.S., 

New Zealand, and Australia, canine and feline infections 

occur primarily in the fall and winter months. Human 

infections with M. canis were common in cats during the 

other months of the year. According to Smith (30), in the 

U.S., New Zealand, and Australia, canine and feline in

fections occur primarily in the fall and winter months. 

Human infections with M. canis tend to follow a similar 

seasonal variation to that seen in the animal reservoir. 

Several researchers in Italy have noted a higher number 

of cases of infections due to H. canis during the autumn 

and winter months (26, 27) . Microsporum canis, which is 

the second most isolated dermatophyte in Italy, was re

covered most frequently in December and January. Emtestam 

(28) in Sweden found that the peak incidence of infection 
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occurred between November and March. Although an increase 

in infected individuals and animals during the winter 

months has been reported, as yet no tenable explanation for 

the winter peak has been found. The increase in number of 

infections seen in the fall and winter correlates with the 

data from this investigation which shows increased longev

ity of M. canis in infected skin scales stored at lower 

temperatures. 

The human body, which consists of about 60 tril

lion cells, sheds skin at a rate of 50 million cells 

daily (39) . Human beings are therefore constantly shed

ding skin scales into their environment. If these skin 

scales are infected with M. canis , could this dermatophyte 

survive and be a constant source of infection? The data 

from this investigation shows that M. canis can survive 

in skin scales for an extended period of time. In a 

closed environment such as the home, contamination with 

infected skin scales and hair may serve as an important 

reservoir. This contamination may be of greater epidemio

logic importance in the winter months when more time is 

spent indoors. 

This is an apparent paradox because in soil, M. 

canis in skin scales and hair does not survive. Gentles 

(40), in comparing the survival of different dermatophytes 

in soil, never recovered M. canis from either enriched or 
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unenriched soil seeded with this dermatophyte. Efforts 

by other investigators to isolate M. cahis from the soil 

have been without success (41, 42), Numerous r«" earchers 

have noted that M. canis is incapable of prolonged survival 

or growth in soil (43, 44, 30, 45). Typical strains of 

M. canis, if they survive at all, do so for less than two 

weeks, even when the soil is enriched with keratin. Some 

insight has been gained into why some species of fungi 

can live and survive in soil while others cannot. Studies 

by Grin and Ozegoric (46) have shown that zoophilic fungi 

are lysed and destroyed by microorganisms present in 

natural soil. Otcenasek (47) states that the existence of 

dermatophytes in the soil is influenced by the presence of 

other constituents, mainly bacterial and actinomycetic 

components. These exert antagonistic and inhibitory in

fluences on the dermatophytes. There are also abiotic 

factors that influence the survival of dermatophytes in 

soil, such as the degree of moisture and aeration of 

surface soil layers. 

Microsporum canis is the principle cause of ring

worm in cats and dogs, causing over 98% of feline and 

over 70% of canine ringworm infections. Microsporum canis 

is spread from animal to animal primarily by direct con

tact or indirectly by contaminated fomites. It has also 

been shown to be spread by aerosols (48) and from 
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contaminated swimming pool water (personal observation). 

Although this dermatophyte is considered to be zoophilic, 

transmission from person to person has been seen (48, 42, 

49, 50). However, without its animal reservoirs, M. canis 

cannot spread widely in the human population. Ths fungus 

appears to lose virulence after approximately four human 

to human transmissions, and infection needs to be re

established by a new contact with an animal carrier. Al

though isolated cases or group infections from person to 

person transmission occurs in an area, the total number of 

human cases is in relation to the infection rate in lower 

animals. Infections with M. canis are transmissible by 

humans to lower animals, though the frequency of such 

transmission is not known (48, 49). 

Microsporum canis can survive for extended periods 

of time in hair and skin scales. Many investigators have 

stored infected hair and/or skin scales and cultured the 

material at various time intervals in an attempt to deter

mine the duration of fungal viability in the infected 

material. The results have varied from study to study, 

ranging from two months to five years. Viable subcultures 

were obtained, generally from nonquantitative assay tech

niques, from material stored under uncontrolled conditions 

(21, 24, 51). 
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There are a variety of factors that can effect the 

recovery rate of dermatophytes from skin scales and hair, 

including temperature, moisture and ultraviolet light. 

The duration of viability is also influenced by the type of 

material in which the organism is present, that is, hair, 

skin scales or nails. Various techniques have been used 

to collect infected material, including plucking of hairs, 

hair brushing techniques, and scraping of skin for scales 

and hair. There may be differences in the length of sur

vival among different species of animals infected or be

tween different strains of animals, infected. Also, there 

may be differences in the length of survival among the 

different strain of M. canis. The strain of M. canis in 

the present study was typical, with colony morphology of 

a white, coarsely fluffy, spreading thallus with a deep 

yellow pigment. Microscopically there were many long, 

spindle-shaped, thick-walled macrospores whose surface 

was rough and possessed an asymetrical knob. 

Recently, atypical and dysgonic strains of H. 

canis have been described (52, 53, 44, 50). Other strains 

of M. canis are being reported that appear to be more 

resistant to treatment with griseofulvin (32). Perhaps 

in future experiments, those strains which are more re-

sis tent to griseofulvin, plus other atypical and dysgonic 
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strains could be tested in a quantitative, controlled 

experiment, as was done in this investigation, to see if 

differences in viability exists among the various strains. 

It would also be interesting to test the various strains 

of M. canis on different animals or different strains of 

the same species to see what effect, if any, these factors 

have on the survival of M. canis in infected material. 
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