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ABSTRACT

Specimens collected in most Tucson area dermatology 
clinics are cultured at the clinics, and the remainder of 
the specimen is transported to the University Department of 
Microbiology and Medical. Technology for further culture = 
During summer transportation some specimens are intermit
tently exposed to temperatures as high as 60°Co To determine 
if this degree of elevated temperature affects the viability 
of the fungus in the specimen a comparison was. made of the 
recovery rates from the same set of specimens cultured both 
at the dermatology clinics and the University laboratory*
The rates of recovery from known positive specimens were 
found to be not significantly different at these two places, 
and, in addition, the recovery rate at the University labora
tory was found to be the same regardless of whether specimens 
were transported during the hot months or the cooler months 
of the year*

Weighed amount of skin scales collected from guinea 
pigs artificially infected with Trichophyton mentagrophytes 
were exposed to 60°C for up to four hours and then digested 
with 0o5$ (1:300) trypsin for one hour* Analysis of plate 
counts done from the digestion mixtures showed no signifi
cant difference between counts obtained from specimens



exposed to elevated temperature and unexposed controls



PAST I

DERMATOPHYTE SURVIVAL IN RELATION TO TEMPERATURES 
ENCOUNTERED DURING TRANSPORTATION 

OF CLINICAL SPECIMENS .

1



CHAPTER 1

INTRODUCTION”!

Dermatophytes can survive up to seven years in clin
ical specimens when stored at room temperature (2-9$ 12-14 
and 16)<> Moderately raised ambient temperatures can be en
countered when specimens are transported over several miles 
from the place of collection to the laboratory for culture o 
The effect on fungus viability under these conditions is not 
known o

Specimens are transported from several dermatology 
clinics in the Tucson area to the University Department of 
Microbiology and Medical Technology where they are cultured 
for dermatophyteso During transportation they are exposed to 
elevated temperatures, especially during the summer months» 
Since a portion of the specimen is also cultured at the der
matology clinic there are results available for. the same spec 
imen cultured both before and after transportation0 A compar
ison of these results for a large number of specimens should 
reveal if there are factorss one of which may be specimen 
transportation; which affect the recovery rate at the Univer
sity laboratory as compared to the dermatology clinics»

2



CHAPTER 2

MATERIALS AND METHODS'*I

Specimen Collection, Transportation and Culture 
The specimens, primarily skin scrapings, hair or 

nails» are collected, by the dermatologist and deposited in 
sterile„ plastic petri dishes« A portion of the specimen is 
cmltmred at the dermatology clinic on Sabouraud8 s dextrose 
agar plus antibiotics» and the remainder is stored in the 
clinic until being picked up by someone from the University 
laboratory, usually on the first and fifteenth of each 
montho The specimens are transported in a small European- 
made automobile, not equipped with air-conditioning» The 
clinics are located two to nine miles from the University 
resulting in some specimens remaining in the automobile as 
long as two hourso By placing a thermometer in the closed 
automobile it was found that specimens can be intermittently 
exposed to temperatures up to 60° Co during transportation 
in the summer monthso Upon arrival at the University labor
atory the specimens are again cultured for dermatophytes on 
Sabouraud0 s dextrose agar plus antibiotics (1) and Littman 
Oxgall Agar (Difco Laboratories, Detroit, Micho)» Plates are 
incubated at room temperature and held for three weeks 
before considering them negative= Records of culture results



are kept in accordance with the Clinical Laboratories 
Improvement. Act of 196? °

Results from both places of culture were available 
from records» The study covers the two year period from July 
1975 through June 1977 anĉ  consists of culture results from 
330 specimenso Results obtained from specimens yielding only 
yeast or contaminants were not included» In most cases the 
culture results from the dermatology clinics and the Univer
sity laboratory were similar in that both were negative or 
both were positive for the same dermatophyte, In some casess 
however» the results did not agree in that a dermatophyte 
was isolated at only one place of culture0 This resulted in 
different recovery rates at-the two places of cultures the 
dermatology clinics being taken collectively as one place of 
culture

The recovery rates were compared to determine if the 
University laboratory had a recovery rate significantly 
lower than the dermatology clinics»

The recovery rates at the two places of culture were
then determined according to the time of year of Specimen

- - • ' ' • -
transportation0 The specimens transported during the warm
est half of the years April through Septemberp were consid
ered to be more at risk from temperatures encountered dur
ing transportation than those transported during the Cooler



5
half of the year, October through March0 A significantly 
lower recovery rate for the University laboratory during the 
warmer months would indicate a causal relationship between 
temperatures encountered during transportation and decreased 
dermatophyte survival in the specimens transported0



CHAPTER 3

RESULTS-*!

Numbers of specimens yielding results categorized as 
to similarities and differences obtained for the same spec
imen at the dermatology clinics and the University labora
tory for the period July 19?5 through June 1977 are present
ed in Table lo There are 147 specimens known to be positive 
because they yielded positive results at one or both places 
of culture o' In the case of 46 of these specimens there is 
disagreement in results between the two places of culture, 
resulting in different numbers of positive cultures from 
the same group of known positive specimens cultured by each* 
The recovery rate at each place of culture is expressed as 
the percentage of known positive specimens yielding dermato
phytes o These rates are shown in Table 2 along with the 95% 
confidence limits for eacho The overlap in confidence limits 
indicates that these two rates are not significantly differ
ent at the 95% levelo

A comparison of recovery rates at the two places of 
culture according to the time of year during which specimens 
were transported is shown in Table 3= The University labora
tory recovery rate for specimens transported between April



7
Table 1„ Numbers of specimens yielding results categorized 

as to similarities and differences obtained for 
the same specimen at two places of culture»

month/year combinations of culture results
PoCo? (̂UoLo <-•)■ B.C. (+)d

UoLo. (*)
D o G o (<=») 
tJoLo (f)

D o C o
UoLo

7/75 5 4 1 . 1
8/75 11 9 1 2
9/75 17 10 0 4
10/75 12 "3 0 1
11/75 5 5 0 1
12/75 14 6 1 2
1/76 0 3 0 0
2/76 4 5 1 1
3/76 6 2 1 0
V 7 6 1 4 0 0
5/76 2 2 1 . 2
6/76 0 0 0 0
7/76 0 0 0 0
8/76 5 2 0 1
9/76 7 4 0 0
10/76 4 5 1 311/76 7 ' 5 2 0
12/76 9 3 3 1
1/77 12 5 1 0
2/77 12 2 0 1
3/77 .15 4 0 '54/77 11, 7 0 0
5/77 14 7 2 1
6/77 10 __4 _1 _4
totals 183 101 16 ....30
total (t) specimens 147 .

aDoCo=Dermatology Clinics 
bUo L0 =University Laboratory 
c (̂ )=no dermatophyte isolated 
^ (4-) -dermatophyte isolated



*$(•Table 2„ Bate of recovery from known positive specimens at the dermatology 
clinics and the University laboratory for the period July 1975 
through June 1977 with $5$ confidence limits»

number of number of
place of known positive specimens yielding recovery 95# ©ogJidencC
culture specimens cultured dermatophytes rate limits

dermatology
clinics 14? 131 89.1# 82o9#-93<>5#

University
laboratory 147 117 79*6# 72°7#-86*0#

*specimens yielding dermatophytes at one or both places of culture 
^confidence limits are from Bohlf and Sokal (15)

CO



Table 3° Bate of recovery from known positive specimens' at the dermatology 
clinics and the University laboratory according to the time of year 
during which specimens were transported*

time of year 
of specimen 
transportation -

number of 
place of known positive 
culture specimens cultured

number of
specimens yielding 
dermatophytes

recovery
..... -....—

April dermatology
74 68 91 = 9#through clinics

September
University
laboratory 74 59 79 = 7#

October dermatology
86 * 3#through clinics 73 63

March
University
laboratory 73 58 79=5#

*specimens yielding dermatophytes at one or both places of culture

vo
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10
and September (79°7$) is the same as the rate for specimens 
transported between October and March (79°5%)» indicating no 
relationship between temperatures encountered during trans
portation and dermatophyte survival in the transported spec
imens o



CHAPTER 4

DISCUSSION-1

Dermatolog!cal specimens which are cultured first at 
the place of collection and then transported over several 
miles to another laboratory for further culture may yield 
positive results at one place of culture and negative 
results at the othero Possible reasons for this include the 
age of the specimen at the times of culture, differences in 
the culture medium used, the portion of the specimen used 
for each culture and the effects of transportation* such as 
changes in relative humidity and temperature» The signifi
cance of each factor should be weighed in light of the par
ticular environment in which the problem existso

The specimens collected by the dermatologists in 
Tucson are stored at room temperature in the dermatology 
clinics for no more than three weeks before transportation 
to the University laboratoryo All reports concerning der
matophyte viability in clinical specimens indicate no loss 
of viability in specimens stored for this period under these 
conditions (.2-9» 12=14 and 16)»

Sabouraud"s agar plus antibiotics is used at both 
places of culture except that commercially prepared media

. 11
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is used by the dermatology clinicss while that used at the 
University is prepared by laboratory personnelo The Univer
sity laboratory also cultures all specimens on Littman 
Oxgall Agar* Considering the simplicity of formulation of 
SabouraudGs agar plus antibiotics it does not seem likely 
that variations in different batches of the same medium 
would affect the recovery rate at either place of cultureo 

The portion of the specimen used for each culture is 
an unknown and indeterminable variable in this study0 A num
ber of dermatologists submit specimens to the University 
laboratorys and no uniform collection procedure exists to 
ensure that both portions of the specimen are of comparable 
qualityo The only indicators of specimen quality, other 
than the culture results, are the direct microscopic exam
ination and the amount of specimen materialo Direct micro
scopic examination cannot be considered a good indicator of 
quality because a very small amount of material is examined0 
Because no records are kept of the amount of material 
received an accurate evaluation of specimen quality at the 
University laboratory cannot be made o

Transportation exposes the specimens to a change in 
temperature as well as the concomitant change in relative 
humidityo Although some fungi are very sensitive, to low 
temperatures, dermatophyte survival in clinical specimens 
is increased by storage at 4° C (18)a However, Lorincz and



Sun (11). found that moderately increased temperatures, as 
low as 39° 0 to 43° Cs would inhibit or kill dermatophytes 
in culture as well as in the parasitic state. Specimens 
transported. in Tucson during the summer months are inter => 
mittently exposed to temperatures as high as 60° C, If the 
viability of the fungus was .affected by this it might result 
in a difference in recovery rates at the two places of cul
ture, A comparison of these rates has shown that, although 
the recovery rate at the University laboratory is lower than 
at the dermatology clinics, the difference is not signi.fi* 
cant. Because there are a number of other factors involved 
whose effects are unknown and because a limited number of 
specimens were used in the study the effects of elevated 
temperature.on dermatophyte survival cannot be determined by 
comparing the overall recovery rates at the two places of 
culture.

It has also been shown that the recovery rate at the 
University laboratory is the same for specimens transported 
during the hot months as for specimens transported during 
the cooler months of the year. This indicates that elevated 
temperatures encountered during specimen transportation in 
the summer months has no effect on dermatophyte survival in 
these specimenso ' '

A further study of, and a more direct approach to, 
the effect of increased temperature on dermatophyte survival



in clinical specimens is presented in the second part of 
this studyo



PART II

SURVIVAL OP TRICHOPHYTON MENTAGROPHYTBS IN 
GUINEA PIG SKIN SCALES AND HAIR AFTER 
EXPOSURE TO ELEVATED TEMPERATURES .

15



CHAPTER 5

INTRODUCTION-II

A number of investigators have reported on the lon
gevity of dermatophytes in clinical specimens stored at room 
temperature for periods up te seven years (2-9, 12-14 and 
l6)o The effects of elevated temperature on several dermato
phytes in the culture state was reported by Lorincz and Sun 
(11)p but there have been no studies on the effects of ele
vated temperature on dermatophytes in the parasitic state as 
found in clinical specimens„ As discussed in the first part 
of this thesisp clinical specimens mays under certain con
ditions 9 be exposed to elevated temperatures before they are 
culturedo The purpose of this study is to determine if der
matophyte viability in clinical specimens is affected by 
exposure of the specimen to moderately elevated temperature 
for short periods of time»

Dermatophyte-infected skin scalesp obtained from 
guinea pigs artificially infected with Trichophyton menta- 
grophyteSo were exposed to elevated temperature for varying 
periods under laboratory conditionso The specimens were then 
digested with trypsin to obtain homogeneous suspensions from 
which quantitative plate counts were done to assess fungus 
viabilityo

16



CHAPTER 6

MATERIALS AND METHODS-XI 

Organism
A strain of Trichophyton mentagrophytes« variety 

mentagrophytes, culture number 18748, was obtained,from the 
American Type Culture Collection* This particular strain was 
selected because it sporulates well and has been previously 
used to infect guinea pigs*

Preparation of Spore and Hyphal Suspensions 
Subcultures of the stock culture of To mentagrophytes 

were initiated on Sabouraud°s dextrose agar plates and main
tained at room temperature for a period of two weeks* The 
plates were then flooded with 5 ml of a 0o85$ saline solu
tion containing 0*2# Tween 80* The fungal growth was gently 
scraped with an inoculating loop to dislodge the spores and 
hyphal fragments* These suspensions were pooled and shaken 
in a bottle containing"glass beads to obtain a uniformly 
turbid suspension*

Preparation and Infection of Guinea Pigs
Four Rockefeller guinea pigs, born and raised at the

University of Arizona Department of Microbiology and Medical
Technology, and weighing 500 grams each were selected* Guinea

17



18
pigs were infected following the general procedures of 
Sinski, Pokrifchak and Kelley (17)° An area on the dorsal 
region of each animal approximately 8 X 10 cm was clipped 
with small animal clippers (Oster, Milwaukees WiSo ) using 
a size 40 blade<, A depilatory agent (Neet, Whitehall Labor
atories, Inco Hew York, NoYo) was then applied according to 
label directions to remove the last traces of hair0 The area 
was then scarified with an emery board and liberally coated 
with the fungal suspension using a small plastic knife with 
serrated blade= The infected area was then covered with a 
sterile gauze pad coated with a water miscible base (Poly- 
sorb, Eo Fougera and Co0, Inc. Hicksville, H«Y.) in order to 
meet the moisture requirements for spore germination (10). 
After being taped in place the gauze pad was moistened with 
sterile water. After 24 hours the procedure was repeated, 
except for the shaving and depilatory treatment, and clean 
Polysorb-coated pads were taped in place. After 48 hours the 
pads were removed.

Production of Infected Skin Scales
One quinea pig was found dead of unknown cause on day

four. The inoculum of the granular variety of T. mentagro- 
•phytes produced inflammatory lesions on the remaining three
animals by the seventh day. Infected skin scales were col
lected on day seven through day eleven by scraping the 
scales into a large glass petri dish using a sterile



19
scalpel= Before scraping on day eleven the animals were 
killed by cervical dislocation in order to facilitate the 
procedure and increase the yield of infected material*

Processing of Skin Scales 
The scrapings consisted of skin scales and hair. Since 

the samples to be studied were to be digested with trypsin 
and because hair is not digested by this enzyme a method was 
devised to separate the skin scales from most of the contam
inating hairs* A small kitchen strainer was used to sift the 
mixture several times* After most of -the hair was removed by 
this method small amounts of scales were sifted onto a piece 
of weighing paper where remaining hair could be removed be
fore transferring the scales to a holding container* This 
procedure resulted in skin scales essentially free from con
taminating hairs except for very small pieces which were 
about the same size as the scales themselves* A final weight 
of 0*8 grams of scales was obtained and was stored in a 
glass petri dish sealed with tape at V-'C until use*

Exposure of Skin.Scales to Elevated Temperature 
Preliminary experiments conducted at 5Q°C and at 60°C 

indicated that the fungus had a high resistance to elevated . 
temperature» so further experiments were carried out only at 
60°C= This is the highest temperature to which specimens are 
normally exposed during summer transportation by automobile 
in Tucson* Random samples of the skin scales each weighing
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0o020 grams, in the first experiment or 0 = 010 grams in the 
second experiment were placed on small pieces of weighing 
paper in plastic petri dishes= The dishes were then placed 
in a Model 100 Blue M incubator (Blue M Electric Company, 
Blue Island, 111=) set at 60° C, the temperature being mon
itored by a thermometer inserted through the top of the 
incubatoro Since opening the door caused a momentary drop in 
temperature, timing was not begun until the temperature had 
come back to its preset level after the door was closed. 
Control samples were not exposed to temperatures higher than 
room temperature= -.

In the first experiment exposure times of 0, 1 and 2 
hours were used. Two hours was chosen because this is the 
longest time that specimens are normally exposed to elevated 
temperature during transportation = In the second experiment 
the exposure time was extended to include h hours and the 
sample size reduced so that an adequate number of samples 
could be obtained from the remaining skin scales=

Digestion and Plating-.of Specimens
After exposure to elevated temperature the skin 

scales were digested following the general procedures of 
Sinski, Pokrifchak and Kelley (17)<• Each sample was placed 
in a sterile, 20 ml glass screwcap tube containing 2 ml of 
0 = 5% (12300) trypsin and 0=1 ml of 0=2# Tween 80 and 10-15 
glass beads= Digestion took place at room temperature for



one hour with agitation on a vortex mixer (Scientific Pro-* 
ducts, Evanston, 111,) for JO seconds at 15 minute intervals, 
After digestion a 10-fold dilution series was done using 9 ml 
saline blanks and 1 ml transfers, Three 0,1 ml volumes were 
removed from the 1:1000 dilution blank using an Eppendorf 
pipette (Brinkman Instruments, Inc, Westbury, N, Y,), Each 
volume was deposited on a Sabouraud8 s agar plate, and spread 
over the surface using a sterile glass rod. The plates were 
incubated in an inverted position at 30° C for three days, 
at which time any visible colonies were marked on the bottom 
of the dish. This was repeated on days four and five by 
which time no new colonies were seen.

The medium used in all plates was Sabouraud8.s dex
trose agar plus antibiotics (1), All plates contained 20 ml 
and were poured from a uniformly prepared batch on the same 
day. Plates were stored in metal cannisters at 4° G for no 
longer than two weeks before use.

Colony counts obtained from Sabouraud8 s agar plates 
were converted to log^Q before an analysis of variance of 
the data. Statistical values were taken from Bohlf and 
Sokal (15),



CHAPTER 7

RESULTS-IX

Colony counts of To mentagronhytes obtained after 
exposure of infected skin scales to 60°C for up to two hours 
are shown in Table The summary of the analysis of vari
ance for these data, given in Table 5$ shows that, colony 
counts obtained after two hours exposure are not signifi
cantly different, at the 95$ confidence level9 from counts 
obtained from unexposed controls0

Table 6 gives the colony counts of To mentagrophytes 
obtained after exposure of infected skin scales to 60°C for 
up to four hourso The summary of the analysis of variance 
for these dataj given in Table 7s shows that colony counts 
obtained after four hours exposure are not significantly 
different9 at the 95$ confidence level9 from counts obtained 
from unexposed controlSo



Table 40 Colony counts of To mentagrophytes from triplicate 
10=4 dilution plates after exposure of 0*020 grams 
' infected guinea pig skin scales to 60° C for var
ious times followed by digestion with trypsin0

replication time of exposure to 60° C

0 hours 1 hour 2 hours

1 122 101 98
131 106 102
108 118 88

2 109 105 9594 117 113
126 111 113

3 100 109 86
112 93 117
125 108 96

4 104 114 92
100 114 62
77 99 96

5 81 106 109
115 112 92
101 111 85
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Table 5° Summary: of analysis of variance of colony counts* 

of To. mentagrophytes after exposure of skin scales 
to %0° Co for 0 hours, 1 hour and 2 hours followed 
by digestion with trypsino

source of sum of degrees of mean F
variation squares freedom square ratio

total 0oI6388 44
samples OoO73O5 14 0,00522
time Oo02598 2 0,01299
sample error 0,04707 12 0,00392
subsample error 0,09083 30 0,00303

*colony counts from 10”^ dilution plates transformed to 
loglO

**ndt: significant at the 95% confidence level
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Table 6= Colony counts of T. mentagrophytes from triplicate 

10"^ dilution plates after exposure of 0.010 grams 
infected guinea pig skin scales to 60° C= for var
ious times followed by digestion with trypsin.

replication time of exposure to 6OP C.

0 hours 1 hour 2 hours 4 hours

1 48 57 4? 51
45 35 50 48
50 41 45 41

2 48 53 50 45
41 33 40 45
43 33 46 35

3 39 60 57 4l
38 4? 41 30
34 46 50 49

4 31 46 35 28
43 . 45 45 36
35 50 36 29
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*Table 7. Summary, of analysis of variance of colony counts

of To mentagroohytes after exposure of skin scales 
to S0° Co for 0 hours, 1 hour» 2 hours and 4 hours 
followed by digestion with trypsin.

source of 
variation

sum of 
squares

degrees of freedom mean
square F

ratio

total
samples
time.
sample error

0.29840
0=15522 

0.03134

0.12388

subsample error 0.14318

47
15
3

12
32

0.01035 
0.01045 
O.OIO32
0 0 00447

1.01.**

*colony counts from 10” dilution plates transformed to

**not significant at the 95^ confidence level



CHAPTER 8

D'iSCUSSION-II

It has been shown that guinea pig skin scales 
infected with To mentagronhytes can be exposed to 60° C for 
four hours without any significant effect on the viability 
of i the funguso The high thermoresistance property of this

5 " ' .organism should not, however, be extended to other species 
of dermatophyteso A summary of studies on dermatophyte sur
vival in skin scales by Dvorak, Hubalek and Otcenasek (3) 
showed that To mentagrophvtes survives longer than any other 
commonly encountered dermatophyte in human skin scales, 
although some other species have longer survival times in 
specimens other than skin scales and in material from ani
mals, Lor Inez and Sun (11)., in their study of the effect of 
moderately elevated temperatures on a variety of dermato
phytes , found To mentagronhytes to be among the most resis
tant, at least in the culture stateo

The study of the effect of elevated temperature on 
other species of dermatophytes in the parasitic state would 
provide useful information but is difficult because rel
atively large amounts of infected material are required and 
laboratory animals are not easily infected with other der
matophytes usually associated with human diseaseo

2? .
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