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INTRODUCTION 

A. statement of Problem 

North American Blastomycosis is a granulomatous and suppurative 

disease of man affecting any part of the body but particularly the skin, 

bone and lungs. The disease, first described by Gilchrist (1896), is 

caused by the dimorphic fungus Blastomyces dermatitidis (Gilchri~t and 

Stokes, 1898). Spontaneous infections with this fungus have been 

reported in dogs (Menges, 1960), a horse (Benbrook et al, 1948), a 

Northern sea lion (Williamson et al, · 1959) and a cat (Easton, 1961). 

In addition to the.dog, experimental infections have been produced 

in the monkey, rabbit, guinea pig, rat, mouse and hamster but not in 

birds. The inability of the fungus to infect birds is thought to be 

due to their higher body temperature. Birds and mammals (warm-blooded 

or homoiothermic animals) have regulated body temperatures. Poikilothermic 

or cold-blooded animals either lack or have an imperfect temperqture 

regulating mechanism. Their body temper~tures are ess~ntfually that of 

the environment in which they live. 

This study was undertaken to determine whether certain, representative 

l 
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poikilothermic animals could be infected with B. dermatitidis. Other 

aspects of this study were to determine which of the two. morphological 

forms the fungus would assume in the tissues of these animals if they 

became infected, the effect of different environmental temperatures on 

the course of the infection and the possible role these animals might 

have in the perplexing, unknown epidemiology of~- dermat1tidis. 

B. Review of Related Literature 

several investigators have reported using poikilothermic species 

in laboratory studies of microorganisms pathogenic for homoiothermic 

animals. Clark and Shepard (1963) used fifty species of reptiles, 

amphibians and fish in an investigation of the effect of environmental 

temperature on infection with Mycobacterium marinum (= balnei). They 

determined the deep body temperature of a limited number of snakes, 

turtles, lizards and frogs by inserting a hypodermic thermistor probe 

intraperitoneally and found the deep body temperature to be almost 

identical with the environmental temperature. Some poikilothermic animals 

can reportedly maintain body temperatures below that of their environment 

by evaporative cooling. It was suggested that maintenance of maximal 

humidity could limit this factor in laboratory experiments. It was also 

observed in this work that the cold-blooded animals could not be maintained 

above certain temperature levels; frogs above 30oc, box turtles above 37°C, 

salamanders above 25°C, snakes above 33°C and lizards above 30°C. 

The poikilothermic animals were inoculated intraperitoneally with 

doses ranging from 104 to 10! of M. marinum and placed at 20 or 25°C. · 
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Most of the infections were allowed to progress until the animals 

died, ranging from two to 173 days after inoculation. Smears or tissue 

sections revealed a majority of microorganisms concentrated in the lungs, 

liver, spleen and intestine. 

Frogs, chameleons, young garter snakes and turtles were used to 

determine the optimal environmental temperature for infection. Inoculated 

animals were placed at 10°, 20° and 30oc. The optimal temperature was 

found to be 30°C in each. species. Chameleons were used to determine the 

rate of growth of the microorganism at 100, 20° and 30oc. Animals were 

sacrificed at regular intervals from one to fourteen days. The optimal 

rate of.growth occurred at 30°C. 

Myers and Sherwood (1951) injected 200 spores of Histoplasma 

capsulatum into the dorsal lymph sac of gras.s frogs (Rana pipiens) and 

studied the effect of different body temperatures on the course of 

infection. The fungus was not observed in tissue sections but was 

cultured from the kidney of one and the liver of another frog held at 

33°C for four weeks. one of four frogs held at room temperature for 

seven weeks exhibited encapsulated yeast cells in _smears of the liver, 

kidney and periton~al exudate. These cells were thought to be the 

parasitic form of tl· capiulatum. Further investigation was being 

conducted but has not been reported. 

Swatek and Plunkett (1957) inoculated five poikilothermic species 

with the mycelial form of 6occidioides immitis. Infections were produced 
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in 12 small Western fence lizards (Sceloporus sp.), two large alligator 

lizards (Sceloporus ~·) and a horned toad (Phrynosoma ~.). All of the 

Western fence lizards put three died from five to seventeen days after 

inoculation. The remaining three fence lizards, an alligator lizard 

and the horned toad were killed on the seventeenth day. Microscopic 

study of lungs· and liver revealed that the·fungus had converted to the 

parasitic form found in mammalian infections. The parasitic form appears 

in mammalian tis'sue as a spherule filled with minute endospores. Infections 

were also produced in 10 crayfish (Cambarus ~·) amd 8 ·goldfish (Carassius 

~.),but examination of tissue sections from animals killed from one to 

110 days after inoculation revealed only the saprophytic form of the 

fungus. 

g. dermatitidis is a dimorphic fungus. The two morphological 

forms are the mycelial form (saprophytic form) produced on culture media 

incubated at room temperature and a yeast-like form (parasitic form) observed 

in tissue. The fungus can be converted from the mycelial to the yeast-

like form by incubating it on an appropriate culture medium at 37oc. 

The organism as seen microscopically in tissue is a spherical 

yeast-like ce'll wi'th a thick wall which appears to be double contoured. 

These cells measure 8-15 u in diameter. Both single and budding cells 

may be observed. A single broad base bud firmly attached to the parent 

cell is a characteristic of B. dermatitidis. 
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B. dermatitidis is believed to exist in nature as a saprophyte 

growing in the mycelial form (Denton et al, 1961) (Denton and Di Salvo, 

1964)·. Infection, with rare exceptiori, is considered by most mycologists 

to be acquired through inhalation of the microconidia in du$t aerosols. 

Ninety-five per cent of the reported cases studied at autopsy have 

revealed evidence of a primary lung lesion (Emmons et al, 1963). 

The conversion of B. dermatitidis in vitro has been considered to -- -----
be strictly temperature induced (Levine and Qrdal, 1946). These 

investigators studied the effect of various changes in the environment 

on the two morphological forms. These included nutritional, hydrogen 

ion concentrations and temperature effects. Using two different media 

(a complete medium and a deficient medium) they inoculated sets of 

tubes with the yeast form and comparable sets with a spore suspension. 

The tubes were incubated at room temperature, 31°, 330, 35°, and 37oc. 

Each morphological form on the complete medium had an optimum temperature 

for growth; for the mycelial form it was 31°C and for the yeast form 35°C. 

The mycelial form, incubated at 31°C, grew at all hydrogen ion concentra-

tions ranging from pH 3.5 to pH 9.5. At room temperature it grew at all 

hydrogen ion concentrations but pH 3.5. The yeast form,. incubated at 

35oc, grew at all hydrogen ion concentrations except pH 3.5. Growth 

was retarded at pH 4.5 and pH 9.5. 

The amount of growth of each form on the deficient medium was 

increased as the temperature was elevated. The optimum temperature 

for the mycelial form was 35°C and for the yeast form 37oc. When the 



spore suspension was used to inoculate the deficient medium no growth 

occurred at room temperature and very little· growth at 31 o and 33°c. 

Levine and Ordal considered this observation of the inability of the 

spores to initiate growth on the deficient medium as a demonstration 

of the rig0rous conditions necesspry for spore germination. 

The factors affecting the in vivo conversion of.B. dermatitidis 
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are unknown. Guidry and Bujard (1964) considered that a valid evaluation 

of the pathogenicity of the mycelial form necessitated conducting experi

ments in vivo at different temperature levels. They compared the 

P?thogenicity of the mycelial and yeast forms by inoculating the 

chorioallantoic me~brane (CA) of ten day old chick embryos. The 

inoculated embryos were incubated at 31°C and at 37°C. ·Gross observations 

were made daily and t~o embryos were sacrificed at twenty~four hour 

intervals for six days. This work revealed that thehyphae of the 

mycelial form were oonfined to the ectoderm on the CA membrane in 

embryos iq.cubated at 31 °C. The myceli.a began to convert to the yeast 

form within twenty-four hours when incubated at 37°C and these converted 

cells then invaded the mesoderm producing microabscesses. The hyphae 

which failed to convert were confined to th~ ectoderm and eventaully 

degenerated. 

The yeast cells inoculated on the CA membranes penetrated into 

the mesoderm where they proliferated and produced microabscesses at both 

temperatures of incubation. The yeast cells incubated at 310C remained 

in the yeast form throughoUJ.tl \_ the experimentation period of six days. 



MATERIAL AND METHODS 

A. Animals and Their Care 

Frogs and reptiles with the exception of the box turtles were 

obtained 'from a biological supply company in North CaroliQa. The 

goldfish were obtained from a local variety store and the box turtles 

were caught locally by a member of the Microqiol~lY Department of the 

Medical College of Georgia. 

American chamel'eons (Anolis carolinensis) two to four inches long 

and fence swifts (Sceloporus ~-) three to ftve inches long were kept 

in groups of six in rectangular plastic disbpans with fitted wire screen 

tops. The bottoms of the pans were covered with sand on which was. 

placed several crumpled brown p~per towels. water was supplied in 

petri dishes embedded in the sand. They were force fed small pienes of 

beef liver or bi~s of hamburger once a we~k. 

Slider turtles (Pseudemys sp.), ranging in length from eight to ten 

inches, were maintained separately in rectangular plastic dishpans 

containing about two inches of tap water and fitted with wire screen 

tops. The containers were washed daily, except Sunday, and filled with 

fresh water. Several types of food, such as lettuce, hamburger and 

liver, were offered these turtles but they failed to eat. Efforts to 

feed them by force were unsuccessful. The box turtles (Terrapene 

carolina), ranging in length from four to six inches, were maintained 

in the same manner as the slider turtles. 

7 
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Adult grass frogs (Rana pipiens) wer~ maintained separately in 

glass Mason jars with the caps modified to allow for air. About one 

inch of distilled water was placed in the jars to keep the frogs moist. 

The jars were washed daily, except sunday. The frogs were fed living 

mealworms or earthworms twice weekly. 

The goldfish ('carassius 32.·) were kept.separately in glass battery 

jars of tap water which was changed daily, except sunday. The goldfish 

were fed a commercial preparation of fish food twice weekly. 

B. Procedures Employeq 

1. source and Preparation of B. dermatitidis 

Two virulent strains of Blastomyces dermatitidis were used in 

this investigation. strain KL-1 was isolated from a soil sample 

obtained n~ar Lexington, Kentucky (Denton et al, 1961). The second 

st.rain, MCG-10, was isolated from a sample of debris ·obtain_e.d. from a 

shelf in an abandoned kitchen in Richmond County, Georgia (Denton 

and DiSalvo, 1964). 

The stra:li.ns of the fungus were grown in garden soil in esp.eciall y 

designed laboratory terraria to obtain spores (Denton, unpublished 

procedure). A five gram s.ample of the terrarium soil was ms1spended 

in 50 ml saline in a large test tube, mixed thoroughly and allowed to 

settle for one hour. A portion of the supernatant was withdrawn from 

the interface area without disturbing the sediment. The number of 

spores per·ml was determined by plating serial dilutions on sabouraud 
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agar plates and counting the colonies after incubation at room 

temperature for three weeks. The spore ~uspensions were stored in the 

freezing compartment of the refrigerator at -16°C. On the basis of 

previous spore counts, dilutions were made for injecting the experimental 

animals with an estimated number of spores~ Dilutions of the inoculum were 

plated for a spore count on the day of inoculation in each experiment. 

The parasitic form of the fungus was grown on brain heart infusion 

blood agar slants incubated at 37oc for four to five days. Saline 

suspensions of the yeast cells were prepared. The susp~nsions were 

adjusted to a reading of 85 to 90 per cent light transmission at a 

wavelength of 550 mu on a Bausch and Lomb Spectronic 20 Spectrophotometer. 

A suspension showing 88 per cent transmission was determined to contain 

approximately 30,000 yeast-like cells per milliliter by diluting and 

counting cells in a B-right-line hemacytometer. 

~. Animal Experiments 

Chameleo0s, swifts and goldfish were inoculated intraperitoneally 

with 0.2 ml of inoculum. The turtles were inoculated with 1 ml of 

inoculum through a hind leg cavity. Frogs with the exception of two 

groups (section 3) were inoculated intraperitoneally with 0.5 ml of 

inoculum. 

·The animals were maintained at room temperature of 240C or in 

incubators at 30°, 35o, or 37oc. Containers filled with water were 

placed in the incubators to insure maximal humidity. 
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Experimental: animals were sacrificed at different time intervals 

after inoculations. Autopsies were performed and the if.lte.:Pmal organs 

were inspecte:d for giDoss lesions. KOH pr~parations were made of all 
! 

gross lesions or lesion-like areas and examined microscopically. Tissue 

specimens of the lungs, liver, spleen and kidneys were taken for cultures 

and histologic examinations. The tissue specimens were stre~ked on 

neutral·d~xtrose agar plates, sealed with scotch tape and allowed to 

grow at room tempe·rature for a minimum of one month. Colonies suspec;ted 

of being _g. dermatitidis were picked and transferred to blood agar 

slants and incubated at 37°C for attempted conversion to the.more 

characteristic yeast form. Microscopic examinations of blood agar 

cultures were then made for confirmation of isolated B· dermatitidis. 

Tissues were fixed in neutral formalin. Fixed tissue specimens 

were selected for histologic examination on the basis of the culture 

results. The tissues were processed and stained 'in the Pathology 

Department, Medical College of Georgia. Three sections were made of 

each tissue specimen. One was st~ined with ~ematoxylin-eosin, one 

with periodic-acid-Schiff and the third with cresyl fast violet. 

Histologic<' interpretation of the tissue sections was made with the 

assistance of a member of the Department of Patho,logy, Medical College 

of Georgia. 

3. Special Frog Experiment 

After failure to find gross lesions or to observe the fate of 

the organisms in the tissues of previously studied animals, a special 
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experimertl.rt. using frogs was designed to determine tissue response in 

a limited area. The tissue response of the frog to a pathogenic 

strain of staphylococcus aureus and the parasitic form of B·. dermati tidis 

inoculated directly·into the leg muscle was compared. 

The.strain of~· aureus used in this experiment was a stock 

culture maintained in the Microbiology Department. This~strain was 

isolated from a patient who had a history of chronic staphylococcal 

skin lesions. It was coagulase positive and fermented mannitol. The 

§· aureus was grown on a blood agar.slant for twenty-four hours at 37°C. 

A saline suspension of the organism was prepared and adjusted to 50 

per cent transmission on the spectrophotometer. Serial dilutions of 

the inoculum were made and plated on blood agar to determine the 

number of organisms inoculated i[lto .each frog. Six frogs were injected 

intramuscularly in· the right upper hindleg with·O•l ml of inoculum. 

The site of injection was posterio-lateral approximately 1.2 mm from 

the hip joint. Care was taken to keep the needle bevel within the leg 

muscle so as to in~ect the organisms directly into the muscle tissue. 

The frogs were sacrificed twe.nty-four hours, seven,-two hours and 
I 

eight days after inoculation. Tissue specimens of the muscle around 

the injection site were taken for cultures and histologic examination. 

Cultures were grown for twenty-four hours at 37oc. 

Eight frogs were inoculated intramuscularly with the parasitic 

form of B. dermatitidis. The inoculum, 0.2 ml containing 6,000 cells, 

was injected at the same site· as in the above frogs. The frogs were 
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sacrificed at interv~als of twenty-four hours, seventy-two hours, eight 

days, and fourteen days after inoculation. Tissue specimens of the leg 

muscle were taken for histologic examination and cultures. 



RESULTS 

Table l presents the results obtained from cultures of internal 

organs of frogs (R· pipiens) following inoculations intraperitoneally 

with 90 spores of Blastomyces dermatitidis. The animals were held at 

room temperature of 24°C. Two frogs autopsied a~ twenty-one days 

showed no gross lesions and microscopic examination of KOH preparations 

of lungs, liver, spleen and /kidney-was negative. However, B. dermatitidis 

was cultured fr6m the kidn~y of one of the frogs. When it was apparent 

at autopsy of the two frogs that no lesions had been produced, it was 

decided to use the parasitic form of B. dermatitidis as the inoculum in 

six of the remaining frogs. Each animal was inoculated intraperitoneally 

with approximately 15,000 yeast-like cells. 

No gross lesions were observed at a0topsy in any of the frogs. 

The KOH preparations were also negative. B. dermatitidis was isolated 

from the kidney of on~ or more frogs on each sacrifice day following 

inoculations of spores only. The fungus was cultured from the liver, 

kidney and spleen and of one of four frogs sacrificed sixty-one days after 

inoculation of spores. g. dermatitidis was not cultured from organs 

of the two frogs sacrificed forty-two days after spore inoculation. 

These two animals were inoculated also with the parasitic form on the 

twenty-first day. Of the four frogs sacrificed sixty-two days after 

spore inoculations and forty-one days after yeast cell inoculation, 

thr_ee yielded positive cultures; the fourth was negative. The fungus 

was cultured from the kidney and spleen of one frog, from the lung, 

13 



Table 1 

Results of cultures from organs of Rana pipiens. inoculated 
intraperitoneally with 90 spores of Blastomyces dermatitidis 

and kept at 24oc. 

Days after Cultures of internal organs 
inoculation Lungs Liver Kidney Spleen 

21 + a 
21 
39 + 
39 ~ 

42* 
42* 
61 + 
61 
61 
61 + +· + 
62* 
62* + + 
62* + + + 
62* + 

*These frogs received an additional inoculation on the 21st day of 
the parasitic form of B. dermatitidis. Each animal received approximately 
15,000 yeast-like·cells. · 

a1 No speci~en taken. 

14 
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kidney and spleen of another and from the lung of the third. When 

tissue sections from these organs were observed, no mycelial fragments, 

spores or yeast-like cells were observed and no evidence of a tissue 

response was found. 

Table 2 presents results obtained from cultures of internal organs 

of chameleons (~. carolinensis) following inoculations intraperitoneally 

with 36 spores of B. dermatitidis. The chameleons were held at"room 

temperature of 24oc. Six of the chameleons were inoculated with the' 

parasitic form of B. dermatitidis twenty-one days after receiving the 

spore inoculum. Each animal was inoculated intraperitoneally with 

approxim~tel~ 6,000 yeast-like cells. 

At autopsy, no gross lesions were observed. KOH preparations 

were also negative. B. dermatitidis was cultured from the lung and 

liver of one chameleon and the liver of another that had been inoculated 

with both forms of the fungus. The fungus was cultured from the lung 

of one chameleon autopsied fifty-seven days after receiving only spores. 

No fungus was cultured from the spleen or kidney of any of these lizards. 

All histological sections of chameleon tissues were also negative. 

The fence swifts (Sceloporus ~·) were divided into two groups and 

held at different environmental temperatures following inoculation 

intraperitoneally with 430 spores of~· dermatitidis. No lesi~ns were 

observed in this poikilothermic species. The·results of cultures made 

from the internal organs at autopsy are presented in Table 3. In the 



Table 2 

Results of cultures of organs of Anolis carolinensis inoculated 
intraperitoneally with 36 spores of Blastomyces dermatitrudis 

and kept at 24°C. , 

Days after 
inoculation 

28 
28 
39 
39 
42* 
42* 
57 
57 
57 
57 
62* 
62* 
62* 
62* 

Cultures of internal. organs 
Lungs Liver Kidney Spleen 

.+ 

+ 

+ 
+ 

a 
a 
a 

a 

a 

*These chameleons received an additional inoculation on the 21st day 
of the parasitic form of B. dermatitidis. Each animal was inoculated 
with approximately 6,000 yeast-like cells per animal. 

a: No specimen taken. 

16 
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group of swifts held at 24°C, B. dermatitidis was cultured from the liver 

of one that died after seven days and from another killed after forty 

days. Positive cultures were obtained in the group of swifts held at 

30°C from the kidney of one swift five days following inoculation and 
. L 

. from the liver of another after forty days. Histological examination 

of tissue sections were also negative in the fence swifts. 

The goldfish (Carassius ~-) were divided into two groups. The 

fish in one group were inoculated intraperitoneally with 1,800 spores 

each and the members of the other group were inoculated intraperitoneally 

with approximately 6,000 yeast-like cells. Table 4 presents the results 

of cultures of organs of the goldfish made at varying intervals following 

inoculations. 

Of the five goldfish inoculated with the parasitic form, g. 

dermatitidis was cultured from the mesentery of one that died after 

eleven days and from the kidney of another that died after twenty-five 

days. The fungus was also cultured from the liver of one of three 

fish killed fifty days following inoculation. In the group inoculated 

with spores, the fungus was cultured from the liver of bne dying after 

thirty-nine days and from another killed after fifty days. The cuJtures 

of both the liver and kidney of another goldfish were positive after 

fifty days. -Due to the small size and soft consistency of irltermal 

organs of goldfish, difficulty was encountered in obtaining specimens 

for KOH preparations, cultures and the histological studies. No 

histological examinations were made of the goldfish tissue. 



Table 3 

Results of cultures of organs of Sceloporus ~· inoculated 
intraperitoneally with 430 spores of Blastomyc~s dermatitidis 

and held at different environmental temperatures. 

Environmental Days after Cultures of internal organs 
temperature inoculation Lungs Liver Kidney Spleen 

24°C 4 a a 
7 + 

18 
20 
40* + 

300C :::5 + a 
5 

34 
40* + 
40* 

*These swifts were sacrificed; others died during course of experiment. 

a1 No specimen taken. 

18 



Table 4 

Results of cultures of organs of Carassius sp. inoculated with 
different forms of·Blastomyces dermatitidiS and held at 24°C. 

Inoculum Days after Cultures of internal organs 
inoculation Air sac Liver Kidney Mesentery 

Saprophytic 15 a ·a 
form 31 a a 
1,800 spores 39 + a 

50* a + ·a 
50* a + + a 

parasitic 11 a a + 
form 17 a a a 
approximately 25 a + a 
6,000 yeast-like 50* a a 
cells 50* a a 

50* a + a 

*These goldfish killed; others died during experimentation period. 

a= No specime.n taken. 

19 
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Nine turtles (Pseudemys .§£·) were inoculated intraperitoneally 

with 130 spores of B. dermatitidis. Four were held at room temperatures 

of 24°C, the other five were placed in a 370C incubator. One turtle in 

the incubator died after three days and another after ten days. Autopsies 

were attempted but were not_completed because of the extensive deterioration 

of the tissues. The three turtles remaining in the incubator were 

sacrificed on the fourteenth, thirty-fifth and forty-ninth day after 

inoculation. No lesions were detected and B. dermatitidis was not 

cultured from any of the organs. 

One turtle held at ~oom temperature died after five days. The 

other turtles were sacrificed thirty-five, forty-one and forty-nine 

days after inoculation. No evidence of infection was noted and all 

cultures were negative. 

Two turtles were inoculated intraperitoneally with the parasitic 

form of B. dermatitidis, each turtle receiving approximately 30,000 

yeast-like cells.· One turtle was placed in 37°C incubator and the 

other was held at room temperature. ·When both turtles were sacrificed. 

twenty days after inoculation, no lesions were found and B. dermatitidis 

was not cultured from the internal organs. 

Three box turtles (Terrapene carolina)· were inoculated intra

peritoneally with the parasitic form of~· dermatitidis, each animal 

receiving approximately 30,000 yeast-like cells. ·The three turtles 

were kept in a 35°C incubator. One died twenty-five days after 
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inoculation and another died after forty days. The third was sacrificed 

forty-three days following inoculation. No gross lesions were detected 

and all cultures of organs were negative. Since all cultures were 

negative, no histological examinations were made of the turtle tissues. 

A special experiment was performed in frogs to determine the tissue 

.response and observe the fate of two microorganisms normally pathogenic 

for homoiothermic species when inoculated in this poikilothermic animal. 

Six frogs were inoculated in the upper leg muscle with 2 x 1012 Staphylo

coccus aureus. The frogs were held at room temperature of 24°C and 

were sacrificed after varying p~riods of time. Specimens of the upper 

leg muscle were taken for cultures and histological examination. The 

tissue sections were stained with hematoxylin-eosin and Brown-Brenn 

stains. 

Table 5 summarizes the results obtained from cultures and 

histological examinations of these tissues. s. aureus was cultured from 

.the muscle of two frogs sacrificed twenty-four hours at"ter inoculation. 

The microscopic examination 6f itssue sections rev~aled a focus of 

polymorphonuclear neutrophils, macrophages and colonies of Gram. positive 

cocci (Figure 1). The number of§.· aureus cultured from the muscle 

was decreased after seventy-two hours. Tissue-wise/the number of 

macrophages in.the tissue sections had decreased. No§.· aureus was 

cultured from muscle of one frog after eight days but the microorganism 

was cultured from the other frog. Examination of the tissue sections 

revealed cocci in a localized area with numerous histiocytes and a 



22 

few polymorpho~uclear neutrophils and lymphocytes (Figure 2). 

Eight frogs were inoculated in the upper leg muscle with 

approximately 6,000 yeast-like cells of~· dermatitidis. The frogs, 

held at room temperature of 24°C, were sacrificed after varying periods 

of time. Specimens of the upper leg muscle were taken for cultures and 

tissue sections. The tissue sections were stained with hematoxylin

eosin and Gridley stains. The results obtained in this experiment are 

presented in Table 6. 

B. dermatitidis was cultured from muscle specimens of all frogs 

but one which was sacrificed eight days after inoculation. The 

inflammatory reaction observed in the muscle of these·frogs was diffuse 

but limited to areas between the muscle bundles. In tissue sections 

from animals twenty-four hours after inoculation more histiocytes than 

polymorphonuclear neutrophils were observed in the inflammatory reaction 

(Figure 3). Yeast-like cells, some budding, were observed in the reaction 

area. An inflammatory reaction was observed in one of the tissue sections 

taken three days after inoculation but no fungus was observed. No 

tissue response or fungus was found in tissue sections of the frogs 

sacrificed eight days after inoculation. However, inflammatory reaction 

and fungus were observed again in the tissue sections fourteen days 

after inoculations (Figure 4). 
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Table 5 

Results cif irioculation·of frogs (Rana pipiens) in the upper leg 
·muscle with 2 x 1012 Staphylococcus aureus. 

Days after 
inoculation 

l 
l 

3 
3 

8 

8 

Culture 
results 

Numerous colonies 
Numerous colonies 

l colony 
10 colonies 

No growth 

20 colonies 

23 

Tissue 
sections 

Focus of Gram positive 
cocci, polymorphonuclear 
neutrophils and macro
phages 

Decrease in number of 
macrophages 

No reaction observed 

Gram positive cocci; 
predominance of histiocytes 
few polymorphonuclear 
neutrophils and lymphocytes 



Table 6 

Results of inoculation of frogs (Rana pipiens) in upper leg muscle 
with approximately 6,000 yeast-like cells nf Blastomyces dermatitidis. 

Days after Culture Tissue 
inoculation results sections 

1 2 colonies Yeast-like cells; 
1 2 colonies histiocytes and poly-

morphonuclear neutrophils 

3 6 colonies Inflammatory response 
3 3 colonies but no fungus observed 

8 3 colonies No inflammatory reaction 
8 No growth and no fungus observed 

14 8 colonies Yeast-1ike cells and 
14 2 colonies macrophages 
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Figure 1 'I 

Frog muscle twenty-four hours after inoculation with· 
staphylococcus aureus. H & E stain, Xl20. 

This section reveals an acute inflammatory process 
containing polymorphonuclear neutrophils, macrophages 
and Gram positive cocci. 

/ 

Figure 2 

Frog muscle·eight days after inoculation with staphylococcus 
aureus. H & E stain, Xl20. 

This shows a·change in the inflammatory process to the extent 
that there are now more histiocytes than polymorphonuclear 
neu~rophils. G~am positive cocci are still present. 
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Figure 1 

Figure 2 
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Figure 4 

Section of frog muscle fourteen days after inoculation with 
Bl~atomyces dermatitidi~. Gridl~y stain, abbut X225. 

The_inflammatory reaction is essentially the same as seen in 
Fig\.lre 3. 
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Figure 3 

Figure 4 



,DISCUSSION 

The 9-hility of both forms of :E3'. d'ermatitidis to survive for'an 

indefinite period of time when intrqduc.ed experimentally into fo\lr 

poikilothermic animals was shown by recovery of the fungus in cu~tures 

of their internal organs. The microorganism was recovered after sixty-

two days in frogs, fifty-seven days in chameleons, forty days in fence 

swifts and fifty days in goldfish.· The failure to recov~r the fungus 

from either species of turtle inoculated with either morphologic~l form 

suggests~that the org~nism is rapidly destroyed in these hosts.• However, 

it is possible, thoughnoi likely, that the fungus was just missed in 

the sampling of these larger animals rather than that it failed to 

survive. The turtles ranged in size from eight to ten inches so only 

-
small portions of the organs could be cultured while the entire organs 

of the smaller species. were utili~ed. 

The work of ·Guidry and Bujard (1964) with chick embryos incubated 

at 31 °c demonstrated that the parasitic form of B. de:ima'ti tidis could 

produce microabscesses in the CA membrane of this homoiothermic species 

in spite of the lower temperature. In the above experiments, when the 

. parasitic- form was inoculated into poikilothermic animals held at an 

environmental temperature of 24oc, it failed to produce detectable 

lesions. It would appear that although it was able to remain. viable 

for as long as fifty days in some animals it was unaple to multiply 

and produce tissue damage at this low temperature. Even in the turtles 



·held at environmental temperatures 'of 35° and 37oc, temperatur_es 

favorable fo~-gr6wth 6f the parasitip form in culture media and 

susceptible mamma~s, no lesions were produced. This suggests that' in. 

addition to having unfavorable body temperatures., poikilothermic animals 

possess other physiological characteristics which make them non

susceptible to infection with this fungus. 

When Guidry and Bujard inoculated the saprophytic form of B. 

dermatitidis into chick embryos incubated at 37°C, the mycelium began 

to convert to the parasitic form within twenty~four hours. The turtles 

were the only poikilothermic species studied that could be held at this 

higher temperature. Since no lesiohs were detected and all cultures 

from the turtles were negative, it was impossible to determine whether 

conversion of the fungus took place at 37oc in these animals •. _.It seems 

ilinlikely that it did since the inoculated'parasitic for~was unable to 

multiply in these hosts. 

SwateR and Plunkett (1957) observed in experiments conducted with 

W1estern fence lizards that the parasitic form of c. immi tis was present 

in the infections produced in these animals held at .. room temperature 

while only the saprophytic form was found in goldfish. Although 

goldfish were unsu{table, fence lizards obviously were suitable hosts· 

for the co~version of this fungus to the parasitic form with subsequent 

multiplication even at room temperature. The fact that the parasitic form 

of B. dermatitidis when inoculated into fence swifts was not able to 

multiply indicates a difference in nutritional requirements between 
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this f~ngus and c. immitis. Although' the nature of these requirements 

are unknown, it would seem that they-are met only in mammalian and 

embryonic bird tissues. 

In tuberculosis and other granulomatous diseases the inflammatQry 

reaction is primarily composed of macrophages (Hopps, 1959), although 

in some fungus diseases a variable polymorphonuclear leukocyte reaction 

is seen as well. The tissue response observed in sections of _frog 

muscle inoculated with the parasitic form of g. dermati.tidis was of this 

type and appears similar to that seen in mammalian tissue~~ Although the 

fungus was unable to infect this animal it did elicit a typical granu

lomatous reaction at the site of injection. 

The results obtained in the special experiment in frogs were only 

preliminary and Buggest further investigation of this problem. It would 

prove interesting and perhaps enlightening to observe the fate of 

!2.· dermatitidis and the evolution of the inflammatory p.Tocess in the 

tissues ov~r a longer period of time. 

In conclusion, this·investigation suggests that these poikilothermic 

animals are in no way involved in the epidemiology of !2_. dermatitidis. 

If this fungus does find its way into these species, it apparently is 

unable to multiply orproduce lesions and ultimately perishes. 



SUMMARY 

The effects of inoculating intraperitoneal~y both forms of. 

Blastomyces dermat~tidis into six poikilothermic species held at 

different environmental temperatures were studied. No.gross lesions 

were detected at autopsy in any of the animals but viable microorganisms 

were recovered by culture from internal organs at varying periods of 

time. The microorganism was recovered after sixty-two days in frogs, 

fifty-seven days in chameleons, forty days in fence swifts and fifty 

days in.goldfish but not from turtles held through the forty-ninth 

day after inoculations. No tissue response was observed in the sections 

of organs from animals having positive cultures. 

When the .parasitic form of B. dermatitidis was inoculated 

into the upper leg muscle of frogs, the microorgani-sm was recovered by 

culture from the muscle tissue of animals sacrificed one, three, eight 

and fourteen days after inoculation. A granulomatous reaction ~nd 

microorganisms were observed in tissue sections. 

This investigation indicated that those poikilothermic species 

studied are not susceptible to infection by B. dermatitidis. 
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