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P R E F A C E
Animal ringworm is a public health problem whose magnitude 

has only recently been recognized. During the past decade, field studies 

in various sections of the country have shown it to be much more wide­

spread than was previously believed and have led to the conclusion that 

many thousands of animals in close contact with humans are infected.

Cats and dogs are especially susceptible and are frequently the 

source of human infections. Veterinarians who examine their animal 

patients for ringworm point out that as many as one cat in five and 

about one dog in ten are affected. Incidence in farm animals is believed 

to be lower than in house pets, but infections among them are not at a ll 

uncommon. Calves and adult cattle that are confined seem most suscep­

tible, but there is a significant incidence rate for horses, too. Even 

w ild animals experience infections, as revealed recently through 

surveys in the Southeast.

As these facts have emerged, there has been an increase in the 

number of requests for information on animal ringworm. How is infection 

diagnosed? What is its epidemiology? How should it be treated? What 

can be done to prevent spread among pets, especially cats and dogs? 

The important objective of such inquiries is , of course, the prevention 

of human infections.

To answer these and sim ilar questions for persons concerned with 

animal ringworm and its public health significance, Dr. Georg and her 

colleagues have prepared this manual which brings together essential 

facts from their past presentations. These presentations, made in re­

sponse to requests for assistance, have included lectures at veterinary 

meetings, both national and international, training courses presented 

by the Center, and commentary to accompany demonstrations and 

displays.

The manual holds much of value for practicing veterinarians and 

physicians and for laboratory workers on whose sk ill they may depend. 

For the health officer, the public health nurse, and the sanitarian, it is 

an excellent source of background information to guide their epidemi­

ologic investigations. For students, both in veterinary medicine and 

other branches of medical science, it should prove to be one of the 

most valuable publications on animal ringworm. It is my belief that the 

information set forth in this booklet, combined with advances in therapy, 

opens new possib ilities for control of this age-old disease.

Jam es H. Steele, Veterinary Director 

Chief, Veterinary P ub lic  Health Section
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I N T R O D U C T I O N

Animal ringworm is an important public health problem since this 

disease is frequently transmitted to man. Ringworm-infected domestic 

animals constitute a constant source of infection for persons who 

have pets or who live in rural areas where they have contact with 

farm animals. In addition, ringworm-infected wild animals may be an 

indirect source of human infections, for infected hairs shed from 

such animals, particularly mice and rats, frequently contaminate farm 

premises or homes. The role of animals as vectors of human fungus 

diseases has been reviewed by a number of authors (14,58,61,70,92, 

124).

Until recently we have had little  knowledge of the prevalence of 

ringworm infections in animals and little  information regarding the 

frequency of the transmission of these infections to humans. In the 

past few years, however, several epidemiological studies and surveys 

have thrown considerable light on the subject. The Mycology Unit in 

cooperation with the Veterinary Section of the Communicable Disease 

Center has been conducting a survey of ringworm of animals in the 

United States, and sim ilar surveys have been carried out in Great 

Britain (2,82,104,110).

The results of these studies have shown the high prevalence of 

ringworm in animals and have given considerable evidence on the 

manner in which these infections are transmitted to humans. These 

studies have also pointed up the importance of accurate diagnoses by 

cultural methods as well as the need for better methods of treatment 

and control. In the survey conducted by the Communicable Disease 

Center the use of cycloheximide agar, a selective medium which 

inhibits the growth of bacteria and saprophytic fungi, has greatly im­

proved methods for the isolation of dermatophytes from heavily con­

taminated materials such as animal skin and hair samples.

The individual dermatophyte species have varying degrees of 

host specificity. Some are primarily animal pathogens. These are the 

so-called zoophilic fungi which commonly cause ringworm in animals. 

Although animals appear to be the natural hosts for this group of 

fungi, such infections are readily transmissible to humans. Six 

dermatophyte species which commonly cause ringworm in animals 

have been found to be important in relationship to human infection. 

These include Microsporum canis, M. distortum, Trichophyton verru- 

cosum, T. mentagrophytes var. granular, T. equinum, and T. gallinae.
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Another group of dermatophyte species is called “ anthropophilic,”  

because they are primarily human pathogens. Examples of such 

dermatophytes are: Microsporum audouinii, Trichophyton tonsurans, 

T. rubrum, T. violaceum, and T. schoenleinii. In general, it is d iffi­

cult to produce experimental infections in laboratory animals with 

these fungi, and transmission from humans to animals is indeed 

very rare.

A third group of dermatophytes appears to have no specific prefer­

ence for animals or man. These are the “ geophilic fungi”  or the 

soil-inhabiting fungi which have the ab ility  to invade the keratinized 

tissues of both human or animal hosts and produce disease. Such 

fungi are Microsporum gypseum and Keratinomyces ajelloi.

Human infections due to the anthropophilic fungi are particularly 

common in urban areas and are largely accountable for epidemics of 

ringworm, particularly ringworm of the scalp, among school children 

in this country as well as elsewhere in the world. Infections are 

usually chronic in nature, and little  tissue reaction is a common 

characteristic. Such infections are extremely resistant to treatment, 

and constitute a serious problem among school children and in some 

adults as well. Animal contacts are of no importance in anthro­

pophilic ringworm.

Human infections due to the zoophilic fungi are common in both 

urban and rural areas. In urban areas Microsporum canis, the common 

agent of ringworm of cats and dogs, may account for 10 to 80 percent 

of the ringworm of children and adults. Lesions may occur on any 

exposed areas of the skin or scalp and are frequently acute in nature 

with considerable tissue reaction. Infections primarily acquired from 

a cat or dog may subsequently be passed among large groups of 

humans. Extensive human epidemics by human to human transfer, 

however, are not common.

As one would expect, infections due to the zoophilic fungi are 

common in rural areas. Here the common agent of ringworm of cattle, 

Trichophyton verrucosum, and the common agent of ringworm in 

rodents, T. mentagrophytes var. granular, frequently produce ring­

worm in both children and adults. Lesions tend to be acute and 

suppurative in nature and generalized reactions are not uncommon. 

Examples of ringworm among rural individuals are shown in P late I. 

Such infections may be acquired directly from contacts with infected 

animals or indirectly by contacts with contaminated feed or farm 

premises. Frequently very young children, who appear to be highly 

susceptible to infection, contract infections indirectly through in­

fected animal hairs which cling to the adult farmer’s clothing.

Infections due to the “ geophilic fungi”  or those keratinophilic 

fungi such as Microsporum gypseum, which lives a saprophytic ex­

istence in the so il, may be acquired either by man or animal directly 

from contact with soil containing this organism. There is evidence
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also that animal infections due to M. gypseum may be secondarily 

transferred to other animals or to humans.

The diagnosis of ringworm in animals is dependent upon the 

demonstration of fungal elements in the skin and hair of the infected 

animal and/or the iso lation of pathogenic fungi in culture. Since the 

disease may simulate a number of dermatologic conditions, or may 

be inapparent c lin ica lly , the isolation of a known dermatophyte 

species is essential.

This publication deals with: I. P ractical methods for the diagno­

sis of ringworm in animals, and II. Review of ringworm in animals, 

its transmission to man and public health aspects.
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P A R T  I. 
P R A C T I C A L  M E T H O D S  F O R  T H E  

D I A G N O S I S  O F  R I N G W O R M  IN A N I M A L S

A. C O L L E C T IO N  OF C L I N IC A L  M A T ER IA L S

1. Equipment: Sterile scalpels, sterile tweezers (hair pu lling 

type), Wood’s lamp,* paper envelopes.

2. Methods: Examine the animal for areas with loss of hair, 

erythema, scaling, or heavy crusts, which may or may not 

show suppuration beneath them. Lesions are usually circu­

lar and are most frequently seen on the head of the animal 

near the eyes, nose, or mouth. In some cases the infection 

may be more generalized with scaling and loss of hair occur­

ring over large areas of the body. These are generally more 

marked on the friction areas, or along the edges of the ears.

a. Large animals: cattle, horses, and others

When dealing with large animals, heavy crusts should 

be removed, and scrapings taken from the outer borders 

of the lesions. A hair-pulling tweezer may be used to 

pluck hairs. The stubs of broken hairs, which usually are 

greyish and thickened, are most apt to be infected. Crusts 

often enclose many infected hairs which are epilated 

when the crust is removed. Small bits of the crust should 

be obtained for study. A ll specimens should be placed 

in clean paper envelopes and labeled.

Do not place scrapings in closed containers such as 

rubber-stoppered tubes. In such a container the specimen 

remains moist, and contaminating bacteria and sapro­

phytic fungi w ill grow on the hairs and skin scrapings, 

thus making the iso lation of pathogenic fungi more d iffi­

cult. Spores of pathogenic fungi are resistant to drying 

and w ill remain viable in a specimen for many months 

(105,148).

♦The Wood’ s lamp is  an u ltrav io le t lig h t w ith  a spec ia l n icke l oxide filte r  that 

a llow s maximum rad ia tion  at about 3,660 angstrom un its . Several comm ercial 

lam ps are av a ila b le  in  sm all hand m odels w hich are use fu l in  the d iagnos is  

of some types of both an im al and human ringworm.
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b. Small animals: dogs, cats, and others

With small animals it is of great value to carry out a 

preliminary examination under a Wood’s lamp in a com­

pletely darkened room. If fluorescent hairs are seen 

(infected hairs glow with a bright yellow-green color), 

pluck out several such hairs and place them in a clean 

paper envelope. The Wood’s lamp is extremely useful in 

detecting certain types of ringworm infection. Even 

minimal infections where only a few hairs are involved, 

and which may be inapparent under normal lighting 

conditions, may be detected by use of a Wood’s lamp. 

It is important to remember, however, that fluorescence 

of infected hairs occurs only when certain dermatophyte 

species are involved. The follow ing dermatophytes regu­

larly produce fluorescent hairs: Microsporum canis, 

audouinii, and distortum. In some cases, however, even 

these fungi fa il to produce fluorescence. This is espe­

cially true in the early stages of an infection, or after an 

animal has been under treatment. If no fluorescent hairs 

are observed, the animal should be re-examined under 

normal lighting conditions for loss of hair, crusts, etc. as 

described above. Abnormal areas should be scraped, and 

the scrapings placed in a clean paper envelope. Hairs 

should be plucked also, particularly the stubs of broken 

hairs, and placed in the specimen envelope.

C lin ica l materials (hairs and skin scrapings) from 

suspected cases of ringworm should be taken to the 

laboratory for direct examination and cultural studies. 

If the specimen is to be mailed to a diagnostic laboratory, 

the specimen envelope should be sealed and placed in a 

second envelope. It is well to accompany specimens with 

data concerning species and age of the animal, location 

and character of the lesions, address of the owner, and 

any information regarding evidence of human contagion.

B. STUDY AND CULTURE  OF C L I N IC A L  M A T ER IA L S

1. Direct examination of clinical materials

a. If a Wood’s lamp is available , the dish or envelope of skin 

and hair scrapings may be examined in a darkened room. 

If fluorescing hairs are seen, these should be selected 

for further examination and culture. If no fluorescence is 

seen, hairs and skin scrapings may be selected at random 

from the c lin ica l material for study. Broken-off hairs or
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hairs which show greyish-white collarettes at their bases 

are most apt to be infected.

b. P lace a hair and a few skin scrapings in a drop of 10 per­

cent potassium hydroxide on a glass slide. Add a cover- 

slip  and heat the slide by placing on the microscope lamp 

or by holding for a few seconds over a Bunsen burner. 

DO NOT BOIL. If  a Bunsen burner is not available, allow 

the preparation to stand 15 to 20 minutes for clearing 

before examination.

c. Examine under the low power of the microscope with 

reduced light for the presence of fungus elements. Note 

the size and distribution of spores on the hairs. For more 

accurate study, examine with the high power lens (450 X 

or 475 X).

The important characteristics of the ringworm fungi 

seen by direct examination of tissues are shown in charts

I and II.

2. Culture of clinical materials

a. Media. Sabouraud’s dextrose agar at pH 5.5 is the stand­

ard medium used for the isolation of the ringworm fungi 

from c lin ica l materials. This medium is available in 

powdered form from several commercial sources. However, 

for the isolation of fungi from heavily contaminated mate­

rials such as animal hair and skin scrapings, better 

results may be obtained by use of the cycloheximide- 

chloramphenicol medium. This selective isolation medium 

is made of Sabouraud’s dextrose agar with the antibiotics: 

chloramphenicol and cycloheximide. Chloramphenicol 

inhib its the growth of most contaminating bacteria, and 

cycloheximide suppresses the growth of many saprophytic 

fungi. The characteristics of the ringworm fungi are not 

changed by these antib iotics, but their isolation is greatly 

facilitated (62). The preparation of this medium is de­

scribed in the appendix. Sim ilar desiccated media are 

commercially available.

b. Inoculation of tubes. Tubes are inoculated by placing 

hairs or skin scrapings (use a sterile scalpel or inocu­

lating needle) on the slanted surface of the medium. It is 

well to push the specimen partially into the agar.

c. Incubation. Tubes are incubated at room temperature 

(25° to 30° C .). C lin ica l material from suspected cases 

of cattle ringworm should be incubated at 37° C. as well
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as at room temperature. (T. verrucosum, the common cause 

of cattle ringworm, develops slowly at room temperature.)

d. Examination of cultures. Tubes should be examined every

4 to 6 days. If saprophytic fungi appear, it is well to 

subculture to fresh tubes any colonies suspected of being 

ringworm fungi. Culture tubes should be held for at least 

four weeks before being considered negative. The colonies 

of ringworm fungi are studied to determine their gross and 

microscopic characteristics. The diagnostic cultural 

characteristics of the ringworm fungi found in animals are 

presented in charts III and IV.
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P la te  I I .

A . H e a v ily  c ru s te d  le s io n s  on dog c a u s e d  by  Af. c a n ia . B .  L o s s  o f h a ir  on n o se  of 

a d u lt  c a t due to Af. c a n ia  in fe c t io n . C . H a ir  in v a d e d  by  Af. c a n ia  sho w ing  s h e a th  o f t in y  

s po re s , 2 00X . D . H a ir  in v a d e d  by  Af. can ia , 4 7 5 X . E . C o lo n y  o f Af. c a n ia  on S abouraud *s  

dex trose  agar . F . C h a r a c te r is t ic  m a c ro c o n id ia  of Af. c a n ia .
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P A R T  II  

R E V I E W  O F  R I N G W O R M  IN A N I M A L S ,  

I T S  T R A N S M I S S I O N  T O  M A N  

A N D  P U B L I C  H E A L T H  A S P E C T S

MICROSPORUM CANIS  IN FE C T IO N S  

Diagnosis

With the proper techniques, fungus-infected skin w ill show 

branched septate mycelium and arthrospores. These spores 

are at first rectangular and appear as segments of a closely 

septate mycelium. At maturity they round up and appear as 

chains of beads. This picture of mycelium and chains of 

arthrospores in skin scrapings is sim ilar for a ll types of 

ringworm infections regardless of the etiologic agent in­

volved. The manner of the fungus invasion of the hair, 

however, is d istinct for each fungus species involved. In M. 

canis infections, the hair is covered with a sheath of very 

small spores. These spores are 2 to 3 microns in diameter, 

and usually cannot be seen clearly unless examined under 

the high power of the microscope. Under a magnification of 

400 to 475 X they can be distinguished easily . They are 

packed together tightly in a mosaic over the surface of the 

hair. If the spores are disloged from the hair, it is found that 

branching mycelial filaments are present in the interior of 

the hair. This type of hair invasion is designated as “ small- 

spored ectothrix”  and is characteristic of infections by 

several Microsporum species: M. canis, M. audouinii, and 

M. distortum.

In order to determine the species involved, it is necessary 

to isolate the pathogenic fungus in culture. Growth appears 

in a few days on Sabouraud’s dextrose agar or sim ilar me­

dia, with or without antib iotics. The culture may be identi­

fied on the basis of its gross and microscopic characteris­

tics by the fifth to seventh day. Chart III lis ts  the diagnostic 

characteristics of this fungus. As noted in the chart, the 

usual culture has a white fluffy surface and develops a 

brilliant yellow pigment on the reverse side of the colony. 

Occasionally this yellow pigment may be m issing. Some rare 

isolates may have a glabrous surface (a smooth, skin-like 

surface without the characteristic fluffy white aerial growth). 

The macroconidia, which are the most important diagnostic
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characteristic of this fungus, are usually present in large 

numbers in the fluffy surface growth. Occasionally they are 

few in number, and in glabrous cultures they may be lacking. 

However, the transfer of such cultures to wort agar* or 

rice grain medium** usually s t i m u l a t e s  production of 

macroconidia.

Review of M. can is  in fect ions in an imals

M. canis is the most common cause of ringworm in cats and 

dogs. It also has been found to cause ringworm in horses 

and monkeys, and occasionally in other animals. Although 

this fungus was first isolated from dogs (20), it is apparently 

much more common in cats. Young animals are infected most 

frequently. M. canis has never been isolated from nature, 

and appears to be essentially a zoophilic fungus; however, 

it is frequently transmitted to man. Fortunately the disease 

does not become epidemic in man, but in areas where M. 

canis infections in animals are common, it may become an 

important public health problem. M. canis infections in cats 

and dogs appear to be the chief source of M. canis infec­

tions in humans. Although pet cats and dogs are numerous 

in both urban and rural areas, M. canis ringworm in the 

United States is largely an urban disease (64). In surveys 

of human ringworm infections (other than tinea pedis) in the 

United States, M. canis accounts for 3 to 67 percent of the 

infections in most urban areas where epidemic M. audouinii 

infections are common (95,140). However, in some areas, 

particularly in Texas, the prevalence has been reported as 

high as 85 percent (139). Infections are most commonly seen 

in children, but are occasionally seen in adults who have 

had contacts with ringworm-infected pets. Subsequently, 

the infections may be passed to close human contacts. One 

report (135) gives evidence of the transmission of M. canis 

by a kitten to eight humans, but in such an outbreak it is 

always difficu lt to ascertain how many of the individuals 

concerned contracted the infection independently from the 

same source. Human-to-human transfer does occur, although 

the infection appears to become attenuated after 4 to 6 

transfers in a series. In Great Britain, where M. canis is 

common as a cause of ringworm in children and adults, it 

tends to run in localized areas. Lawson and McLeod (93) 

have reported an intensive outbreak in Great Britain stem-

♦Wort agar is  a v a ila b le  com m ercia lly  in  dehydrated form.

* *R ic e  grain medium is  prepared by au to c lav ing  rice grains w ith 

water (1 part rice to 4 parts water) in  sm all f la sk s .
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ming from a breeder’ s cattery where 12 animals were shown 

to have M. canis infections. Nine kittens sold from this 

cattery were responsible for 22 human infections. Of the 

42 persons exposed to these kittens, 14 of 15 children (93 

percent) and 8 of 27 adults (30 percent) were shown to have 

become infected. Recently, British public health authorities 

have instituted campaigns to track down human cases to 

their animal source and to enforce treatment or disposal of 

the animal reservoir (89). It would appear that control of 

M. canis infections in cats and dogs is basic to the pre­

vention of human infection. This could be achieved by 

accurate diagnosis by veterinarians, by inspection and regula­

tion of cat and dog breeding establishments, and by elim ina­

tion of strays. An efficacious treatment would be needed 

for this type of control to be effective.

Cats

There are numerous reports in the literature of the 

isolation of this fungus from cats (41,78,89,97,99). In the 

Communicable Disease Center survey conducted over a 

period of 3Vi years, 325 feline specimens yielded dermato­

phytes. Of these, 318, or 97.8 percent, were M. canis.

M. canis infection in the cat is often difficu lt to detect 

c lin ica lly . The cat may appear completely normal or show 

only small scattered areas of alopecia on the face or ears. 

In a study of ringworm in cats by Menges and Georg (107), 

it was reported that of 82 cats in a single cat breeding 

establishment which were later shown by culture to be 

infected by M. canis, 18, or 22 percent, had no visible 

lesions. In many of these, however, a few fluorescent 

hairs or a single fluorescent whisker (usually broken) 

could be detected by use of the Wood’s lamp. Some of the 

cats in this group had neither lesions nor fluorescent 

hairs, yet M. canis was obtained through culture. The 

absence of c lin ica l signs of infection is particularly 

common in cats 1 year or older. Kittens exhibit lesions 

more frequently, and severe c lin ica l cases are sometimes 

observed where scaling and hair loss may be extensive.

Onychomycosis or infection of the claws due to M. 

canis has been described by LaTouche (91). Under the 

Wood’s lamp, infected claws appear in various shades 

of green with various degrees of brightness. Under normal 

lighting conditions, whitish opacities are the striking 

feature of infected claws; however, such opacities may 

be present in the absence of M. canis infection. Scrapings

11



from infected claws reveal the presence of branched my­

celium and M. canis can be readily obtained upon culture.

Dogs

There are numerous references to the isolation of M. 

canis from ringworm-infected dogs (78,92,99,125). In the 

Communicable Disease Center survey, 495 canine speci­

mens yielded dermatophytes. O f these, 329, or 66.5 per­

cent, were M. canis. In the dog, as in the cat, infections 

may be perceptible only with the aid of the Wood’s lamp. 

More commonly, however, one finds clearly defined areas 

of scaling as well as discrete circular areas with loss 

of hair at their centers, and often with vesiculation at 

the borders. Stumps of broken, greyish colored hairs about

2 to 3 mm. in length appear here and there in the lesions, 

especially at the borders. In severe cases, heavy crusts 

may be formed or the infection may be generalized with 

scaling, erythema, and loss of hair over widespread areas.

Horses

Hi. canis infection in horses was first described by 

Bodin in 1896 (19). The etiologic agent was designated 

as “ M. audouinii var. equinum.”  The name M. equinum 

was given to this fungus by Gueguen in 1904 (71). How­

ever, studies by Conant in 1935 (35) and in 1941 (37) 

clearly demonstrated that these strains were identical 

with M. canis.

There are several references to epizootics in horses 

due to M. canis. These have occurred particularly in army 

quarters where large numbers of animals were kept (12,22, 

30,94,116). Iloerlein (78) described a case of M. equinum 

(M. canis) infection in a horse in the United States, and 

also followed the development of lesions in an experi­

mentally infected horse. The animals characteristically 

showed patchy loss of hair and scaliness of the skin. 

Hoerlein described the animals as having a “ moth-eaten 

appearance.”  Ainsworth and Austwick (2) in their survey 

of animal ringworm in Great Britain have recorded one 

outbreak of ringworm in horses due to M. equinum (M. 

canis), and have recently sent us isolates from three 

other outbreaks. In the Communicable Disease Center 

survey, only 2 isolates of M. canis have been obtained 

from horses to date. A review of ringworm in horses by 

Georg et al. (66) describes M. canis ringworm in the 

horse and compares it with other types of ringworm d is­

ease in this animal.
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Other animal  s

It is interesting that M. canis infections appear to be 

common in the monkey. The first isolation of this fungus 

from a monkey was by Emmons. This strain was first con­

sidered to be a new species by Conant (36), and named M. 

simiae. However, in later studies, Conant equated this 

fungus with M. canis (37). In the Communicable Disease 

Center survey over a 3%-year period, of 29 specimens 

from monkeys, 16, or 55 percent, yielded ’/. can is; and of 

52 specimens from ch inch illas , 2 have yielded M. canis.

M ICROSPORUM GYPSEUM IN FE C T IO N S  

Diagnosis

In the case of M. gypseum infections, the Wood’s lamp is 

of little  value. Although it is stated in many texts that a ll 

Microsporum-infected hairs fluoresce under the Wood’ s lamp, 

no fluorescent hairs were observed in 138 specimens of 

animal hairs from which M. gypseum was isolated at the 

Communicable Disease Center. This lack of fluorescence 

of M. gypseum-infected hairs has also been noted in some 

human infections (39,149).

Microscopic examinations of skin scrapings in KOH prepa­

rations reveal septate, branching mycelium and masses of 

arthrospores of various sizes. Infected hairs contain myce­

lia l filaments in their interiors. On the surface of the hairs 

one finds irregular masses of large spores, some of which 

are in chain formation. These spores (arthrospores) are 

quite variable in size , ranging from 5 to 8 microns. They 

are much larger than the arthrospores formed by M. canis. 

Thus, hairs infected by M. gypseum present quite a different 

microscopic appearance than those infected by other Mi- 

crosporum species.

For final identification, cultures must be made. M. gypseum 

grows readily on Sabouraud’s dextrose agar, with or without 

antib iotics, at room temperature. The culture is identified 

on the basis of its gross and microscopic characteristics 

by the fourth to fifth day. Chart III lists the diagnostic 

characteristics of this fungus.

Review of M. gypseum infections in an imals

M. gypseum infections in both animals and man have not 

been recorded frequently in the past. The first iso lation of 

M. gypseum was apparently by Sabouraud (131), who in 1894 

referred to the fungus as “ Trichophyton du chien.”  It was
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P la te  I I I .

A . L e s io n  on le g  o f dog due to M. gy p seu m . B . M. g y p seu m  in fe c t io n  in  the ho rse . 

C . A re as  o f h a ir  lo s s  on s k in  o f horse  due to M . gy p seu m . D . H a ir  in v a d e d  by M. g ypseum  

show s m y ce lium  in  its  in te r io r  and  m a s s e s  o f la rge  spo res  on i ts  su r fa ce . E . C o lo n y  of 

M. g ypseum  on S a b o u ra u d ’ s d e x tro se  agar . F . C h a ra c te r is t ic  m a c ro c o n id ia  o f M. g ypseum .

14



further studied by Bodin who named it Achorion gypseum. 

Not until 1928 was this f u n g u s  p l a c e d  in the genus 

Microsporum by Guiart and Grigorakis (72). A review of the 

literature by A jello in 1953 (3) indicated that only 6 l iso la­

tions of this fungus from animals had been recorded. Nine 

of the reports were concerned with outbreaks among horses 

involving 50 animals, 4 cases were reported in monkeys, 

1 in a dog, 4 in cats, 1 in a tiger, and 1 in a chicken. There­

fore, this review suggested that M. gypseum infections in 

animals were rare. Data from the Communicable Disease 

Center survey, however, indicate that M. gypseum infec­

tions are quite common in animals, especially in the dog 

and the horse. This is not surprising in view of the fact that 

recent demonstrations indicate that M. gypseum is a common 

soil saprophyte. In 1948 the findings of Mandéis et al. (98) 

and in 1952 Cooke (38a), who recovered this fungus from wool 

fabric buried in so il, had suggested that M. gypseum probably 

existed in soil as a saprophyte. Definite proof of sapro- 

phytism was finally obtained in 1952 by Gordon et al. (68) 

when a so il sample collected in Tennessee yielded the 

characteristic macroconidia of M. gypseum, which never are 

produced on the tissues of liv ing animals. Subsequently, 

by a m o d i f i c a t i o n  of the hair-baiting t e c h n i q u e  of 

Vanbreuseghem (144), A jello (3) isolated this fungus from 37 

(31.9 percent) of 116 soil samples taken from various lo ca li­

ties in Tennessee and Georgia. Later analyses of foreign 

and domestic soils by various workers have given sim ilar 

results (4, 45, 56, 69, 77). The worldwide distribution of M. 

gypseum in soil where it exists as a free-living agent ind i­

cates that M. gypseum is essentially a soil-inhabiting fungus 

that only occasionally parasitizes animals and man. Soil 

must be considered the main source of infection for both 

animals and humans, and only infrequently are infections 

transmitted from animal to animal or from animal to man.

Dogs

In the Communicable Disease Center survey, 495 canine 

specimens yielded dermatophytes. O f these, 114, or 23.2 

percent, were M. gypseum. Menges and Georg (109) pub­

lished a review of 46 of these cases, involving 13 breeds 

of dogs. A ll 46 showed lesions which, in general, were 

circular with scaling, erythema, and occasional suppura­

tion; and 7 had generalized infections. The majority of 

the infections were in the “ under-one-year”  age group, 

although animals up to 8 years of age were involved. 

Twenty-nine of the infected dogs were males, 17 were
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females. Prior to this report, only 2 canine cases of 

M. gypseum infection had been recorded (55,131).

Cats

Of 325 feline specimens which yielded dermatophytes 

in the Communicable D isease Center survey, 4 yielded 

M. gypseum. These cases have been described by Kaplan 

et al. (83). A ll of these cats presented lesions ranging 

from slight loss of hair with scaling to the development 

of eczematoid areas or kerions (raised, boggy lesions, 

suppurating at many points). The ages of the animals 

varied from 4 weeks to 3 years. Prior to this report only 

6 authenticated feline infections had appeared in the 

world literature (3,11,55,122,136,141).

Horses

Until 1956 there were only 8 reports of M. gypseum 

outbreaks among horses (12,22,32,94,116,132,143). All of 

these cases were reported from Europe with the exception 

of 2 from Madagascar. In 1 report (116) 40 horses in a 

Belgian remount station were infected, which indicates 

that M. gypseum may produce epizootics in horses.

In the United States the first authenticated equine 

infection due to M. gypseum was that reported by Kaplan 

et al. in 1956 (84). Again, the next year, they described 

an epizootic involving 8 horses and a dog on 1 farm 

premise (87). The infected horses were from 6 months to 

12 years in age. The lesions showed the development of 

heavy crusts which later fe ll off, leaving areas with hair 

loss and stubs of broken-off hairs and giving a rather 

characteristic moth-eaten appearance to the animals. 

The fact that epizootics have been seen in animals sug­

gests that animal passage increases the virulence of soil 

strains which have relatively low virulence as observed 

by animal inoculation experiments. This laboratory’s 

studies of the strain isolated from the epizootic in horses 

indicated a high degree of virulence for the laboratory 

guinea pig, whereas soil strains collected from the pas­

ture where the animals had been kept had very little  

virulence for the guinea pig.

Other animal  s

In the Communicable Disease Center survey of wild 

animals captured in southwestern Georgia, 4 isolations of 

M. gypseum have been made from wild mice (Peromyscus
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polionotus) and 3 from wild rats (Rattus norvegicus). It is 

noteworthy that these wild mice and rats did not present 

v isible lesions.

Four M. gypseum infections in monkeys (76,79) have 

been recorded, 1 in a tiger (94), 1 in a chicken (142), and 

1 in a donkey (30).

T R IC H O P H Y T O N  M E N T A G R O P H Y T E S  IN FECT IO N S

Diagnos is

Since T. mentagrophytes-infected hairs do not fluoresce, 

the Wood’s lamp is of little  value in determining the presence 

of an infection. Skin scrapings from the active edge of a 

lesion or fragments of the crusts examined in KOH mounts 

reveal branching mycelium and arthrospores, as seen in a ll 

types of ringworm. Infected hairs, however, present a more 

specific picture, with branched mycelium in their interiors 

and their surface covered with a sheath of small spores 3 to

5 microns in diameter. These external spores are arranged in 

chains, but are often packed together in a mass. This type of 

hair invasion was referred to by Sabouraud as “ microide 

ectothrix”  or small-spored ectothrix in contrast to the large- 

spored ectothrix as seen in hairs infected by T. verrucosum. 

Microsporum canis also produces small-spored ectothrix 

infections; however, here the spores are smaller, 2 to 3 

microns in diameter, and they are packed together in a 

mosaic. M. conis-infected hairs may also be distinguished 

from T. mentagrophytes-infected hairs by the fact that they 

fluoresce.

F inal identification of the fungus organism is made by 

cultural studies. T. mentagrophytes grows readily on Sab- 

ouraud’s dextrose agar with or without antibiotics at room 

temperature. Characteristics of the culture are given in 

chart IV. Occasionally a strain is isolated which does not 

produce macroconidia. The use of wort agar has been found 

most helpful in stimulating their production. Strains which 

produce considerable deep red pigment can be distinguished 

from T. rubrum with the in vitro hair culture method described 

by A je llo  and Georg (5).

T. mentagrophytes develops many different colonial forms 

and pigments in culture. Because of this fact, many different 

“ species”  have been described on the basis of colony form 

and pigments. However, it has been shown that characteris­

tics such as surface texture and topography, as well as 

pigments, are not stable characteristics; and most of these 

so-called “ species”  represent the same organism. It is
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P la te  IV .

A C a t 's  paw  sh o w in g  lo s s  o f *h'air due  to T. m e n tag ro p h y te a  in fe c t io n . B . S p on taneous  

ringw orm  in  a g u in e a  p ig  due  to T. m e n tag ro p h y te s . C . M onkey  w ith  le s io n s  on the  face  

due to T . m e n tag ro p h y te a . D . H a ir  in v a d e d  by T. m e n tag ro p h y te s . E dg e  o f h a ir  show s 

m a s s e s  o f s m a ll spo res  on i ts  s u r fa ce . E . C o lo n y  o f T. m e n tag ro p h y te a  (v a r . g r a n u la r )  on 

S a b o u rau d '8  de x tro se  agar . F . M ic ro c o n id ia  and  m a c ro c o n id ia  o f T. m e n tag ro phy te a .
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interesting that certain colony types are most commonly 

associated with animal ringworm and human infections con­

tracted from animals, while other varieties are usually 

associated with chronic tinea pedis of humans.

In general, a flat, granular type colony, T. mentagrophytes 

var. granulosum is isolated from animal ringworm. When this 

type of culture is obtained from human ringworm lesions — 

usually suppurative lesions on the exposed parts of the 

body — the physician or dermatologist has reason to suspect 

that there has been an animal source for the human infection.

A second variety, T. mentagrophytes var. quinckeanum, 

sometimes seen in animal infections, particularly in mice 

epizootics, has a heaped and folded colony with a downy to 

velvety surface. This type of colony has been occasionally 

isolated from human ringworm where mice were the source 

of infection.

A flat, downy colony, T. mentagrophytes var. interdigitale 

is usually associated with chronic tinea pedis of man. Only 

rarely has this type of colony been isolated from lower 

animals.

Laboratory studies have demonstrated that T. mentagro­

phytes var. granulosum isolated from animal ringworm fre­

quently converts to T. mentagrophytes var. interdigitale 

after prolonged culture on artific ia l media. A lso, that by 

repeated guinea pig passage (repeated skin infections using 

the retroculture from one pig to inoculate the second, etc.), 

T. mentagrophytes var. interdigitale originally isolated from 

human tinea pedis may be converted to T. mentagrophytes 

var. granulosum (28,47,60). This association of colony type 

with source is not, of course, absolute, but it is a useful 

fact in epidemiological studies. Moreover, that one colony 

type may be converted to another gives proof that they are 

merely colonial variants of a single species. Microscopic 

studies of a ll of these varieties gives further evidence of 

their oneness, for a ll possess a sim ilar microscopic mor­

phology even though the quantity of spores produced is 

variable.

Review of T. mentagrophytes in fect ions in an imals

T. mentagrophytes infections occur among a wide group 

of animals. Recent studies indicate that small pets, espe­

cially dogs, and many wild animals, particularly rodents, are 

important reservoirs of this parasitic fungus. In the Communi­

cable Disease Center survey, T. mentagrophytes has been 

isolated from the following animals: rats, mice, ch inch illas, 

opossums, guinea pigs, dogs, cats, horses, 1 cow, and 1
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kangaroo. In the survey by Ainsworth and Austwick in 

Britain (2), T. mentagrophytes was isolated from dogs and 

cats. It is also known that this fungus infects rabbits, 

muskrats, squirrels, foxes, monkeys, sheep, and pigs.

As one would expect, human ringworm due to T. mentagro­

phytes is commonly seen in rural areas. In a survey of rural 

and urban ringworm by Georg et al. (64), T. mentagrophytes 

var. granulosum accounted for 31, or 49.2 percent, of 63 

infections (excluding tinea pedis) among rural dwellers in 

central Michigan, but this variety of T. mentagrophytes was 

not isolated from any of 108 infections observed in urban 

communities in this area.

In contrast to T. verrucosum infections, which usually 

can be traced to contacts with infected cattle, the source of 

human T. mentagrophytes infections in rural areas is not 

often easy to discover. Although large farm animals are 

occasionally infected by T. mentagrophytes, in the series of 

studies carried out by this laboratory neither horses nor cows 

were found to be important sources of human T. mentagro­

phytes infections. As with T. verrucosum, however, there is 

considerable evidence that T. mentagrophytes infections may 

be transmitted from animals to man or from animal to animal 

by contaminated materials such as feed, equipment, etc. 

In a number of epidemics that have occurred in horses the 

disease was apparently transmitted from animal to animal 

by contaminated brushes and harnesses. In the severe 

“ favus”  epidemics due to T. quinckeanum ( T. mentagro­

phytes var. quinckeanum) which occurred in Australia in 1918 

(24) and in sim ilar outbreaks in Germany (137) and Czecho­

slovakia (52), human infections were contracted apparently 

by the handling of grain and straw contaminated by ringworm- 

infected mice. The fact that w ild mice and rats may harbour 

this fungus on their fur, as evidenced by the Mycology Unit’s 

survey of wild animals, gives weight to the assumption that 

certain areas of farm premises, especially feed bins and 

barns, may be contaminated by spores and infected hairs 

shed by these animals. It is felt that rodents play an impor­

tant role in the transmission of T. mentagrophytes infections 

in rural areas. The ubiquity and great numbers of infected 

wild mice and rats would constitute a much more likely 

source of infection than the occasional case of T. mentagro­

phytes infection that occurs among pets or farm animals.
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Horse s

T. mentagrophytes was described as a cause of ring­

worm in the horse by Sabouraud in 1893 (130). Since that 

time a number of reports have been made concerning 

equine ringworm due to T. mentagrophytes, including 

rather extensive epizootics among large groups of horses 

(22,30,94,116,121). In the Communicable Disease Center 

survey only 1 case of equine ringworm due to this fungus 

was found; likew ise, Ainsworth and Austwick (2) recorded 

1 equine case in the survey in Britain. Reviewing ring­

worm in the horse, Georg et al. (66) describe the T. 

mentagrophytes infection and compare it with other types 

of ringworm infections in this animal.

Dogs and cats

Few reports of T. mentagrophytes infections in dogs 

and cats have appeared in the literature (29,88,102,131). 

The recent survey by the Communicable Disease Center, 

however, indicates that T. mentagrophytes is a fairly 

common cause of ringworm in dogs and an occasional 

cause of ringworm in cats in the United States. During a 

3lA year period of study, 495 dog-hair specimens yielded 

dermatophytes. O f these, 45, or 9.1 percent, were T. 

mentagrophytes. Of 805 cat-hair specimens which yielded 

dermatophytes, 3 were T. mentagrophytes. In the British 

survey (7) T. mentagrophytes was isolated in 6 instances 

from dogs, and twice from cats. In a review of T. men­

tagrophytes infections in 18 dogs and in 2 cats by Georg 

et al. (67), various degrees of involvement and tissue 

reaction were observed, ranging from loss of hair in small 

areas to heavily crusted and inflamed lesions involving 

large areas of the animal’s body. Fuentes has reported 

inapparent infections in the cat due to T. mentagrophytes 

(55).

Other domest icated an imals :  cows,  rabbi ts,  sheep,  

and pigs

There are few references to T. mentagrophytes infec­

tions in cattle. Sabouraud described a “ Trichophyton du 

veau”  in 1894 (131) which appears to have been T. 

mentagrophytes. More recently, Meude and Webb (114) 

described an outbreak of T. mentagrophytes infection 

among calves in Great Britain. In the Communicable 

D isease Center survey, one isolation of T. mentagrophytes 

was made from a cow.
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Vilanova and Casanovas (146) described a T. mentagro- 

phytes epizootic among domesticated rabbits in Spain. 

The lesions were often quite inconspicuous, with scaling 

and loss of hair as the only c lin ica l signs of the disease. 

Fourteen human infections involving 8 children and 6 

adults were traced to direct or indirect contact with these 

ringworm-infected rabbits. Sim ilarly, in Brazil Rocha- 

Furtado (127) (1947) has reported epidemics of T. men- 

tagrophytes infections in children which also appear to 

have had infected rabbits as the source.

Guilhon, Charton, and Durieux (73) have reported 3 

T. granulosum (T. mentagrophytes) infections in sheep.

Sabouraud (131) described a “ Trichophyton du pore”  in 

1894 which appears to have been T. mentagrophytes. 

Recently McPherson (103) has also described ringworm of 

the pig and here it is very clear that the causative agent 

was T. mentagrophytes.

Breeding stock of fur-bearing an imals :  ch inch i l la s  

and si lver foxes

Ringworm infections of the chinchilla have become an 

important economic problem. During the past few years 

our laboratory has confirmed several outbreaks of T. 

mentagrophytes ringworm from chinchillas in Maryland, 

Georgia, Connecticut, Alabama, and Canada. In a ll cases 

infections had spread rapidly involving large numbers of 

animals. In itia l lesions, represented by the breaking-off 

and falling-out of hair, frequently occur near the base of 

the ta il or around the mouth. In some cases the lesions 

first appear as scab-like plaques which can be felt 

through the fur, but loss of hair is soon apparent. In other 

cases large, raised, suppurating lesions have developed. 

Young animals up to 6 months are most commonly affected. 

Spontaneous recovery occurs in some animals with no 

permanent damage to the pelts. However, segregation and 

treatment of infected animals, and disinfection of prem­

ises is important in controlling an epizootic. In describ­

ing an epizootic which occurred in Canada, Blank et al. 

(16) pointed out that the rather common affection in chin­

chillas known as “ fur s lipp ing”  is probably caused by 

T. mentagrophytes.

An epidemic among silver foxes being bred for pelts 

has been described by F la tla  (50).
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Laboratory gu inea p igs ,  mice,  and rats

Spontaneous T. mentagrophytes infections among lab­

oratory animals have been noted by many workers, and 

there are numerous records of infection of laboratory 

personnel through the handling of such animals.

In Argentina Negroni (117) isolated T. mentagrophytes 

from 2 guinea pigs that had developed crusty lesions 

around their eyes and ears. Fuentes and Aboulafia (54) 

did the same with apparently healthy guinea pigs from a 

number of breeding colonies maintained by various lab­

oratories in Cuba. In Georgia Menges and Georg (108) 

have reported an epizootic which occurred among several 

thousand guinea pigs where T. mentagrophytes was iso­

lated from 130 of 151 animals cultured. Occurring chiefly 

on the head but also on the back, the lesions were circu­

lar and scaly, with erythema and loss of hair. In addition, 

T. mentagrophytes was occasionally isolated from animals 

without visible lesions. Although the lesions frequently 

underwent spontaneous healing, the fungus could be 

isolated from the skin and fur long after this apparent 

healing. The fact that animals may carry infective fungus 

elements with no v isib le lesions suggests the importance 

of culturing new stock and of holding newly acquired 

animals in quarantine before adding them to the regular 

stock.

T. mentagrophytes ringworm has been reported among 

other laboratory rodents. Parish and Craddock (119) 

described an epizootic involving 50 percent of a group of 

2,000 laboratory mice, and Catanei (31), Booth (21), and 

Dolan et al. (44) have also reported T. mentagrophytes 

infections in mice and rats. At CDC we recently observed 

infections in 10 laboratory rats from New Jersey.

Wi Id animal  s

The reports by Charles (34) from Maryland, and by 

Errington (48) from Iowa indicate that T. mentagrophytes 

may be epizootic among wild muskrats. Adams et al. (1) 

have described an outbreak of T. mentagrophytes infec­

tion involving 35 percent of a population of Snoeshoe 

hares on an island in Flathead Lake, Montana; DeLamater 

(42) has described an infection in a squirrel; and Emmons 

(46) has isolated T. mentagrophytes from a ringworm 

infection in a monkey.
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P la te  V .

A . C a lf  in fe c te d  by  T. v e rrucosum . B . C lose-up  o f h e a v i ly  c ru s te d  le s io n  on cow  h id e .

C . H a ir  in v a d e d  by  T. verrucosum . E dg e  o f h a ir  show s m a s se s  o f la rge  spo res  on i ts  

s u r fa ce . D . C o lo n y  o f T . verrucosum  on S a b o u rau d 's  d e x tro se  agar . E . M asse s  o f ch lam y- 

d o spo re s  in  c u ltu re  o f T. verrucosum  grown a t 37° C . F . N u tr it io n  tu b e s  show ing  re q u ire ­
m ent for v ita m in s . L e f t  to r ig h t: c a s e in , c a s e in  4- in o s i t o l ,  c a s e in  th ia m in , c a s e in  + 

th ia m in  a nd  in o s i to l .  T h is  s tra in  re q u ire s  a c o m b in a t io n  o f th ia m in  a nd  in o s i to l .
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A survey of w ild animals captured in southwestern 

Georgia by the Communicable Disease Center (111) re­

vealed that ringworm of w ild animals due to T. mentagro- 

phytes is by no means uncommon. From 21 species of 

1,142 wild animals, 88, or 7.7 percent, yielded the der­

matophytes Microsporum gypseum and T. mentagrophytes. 

To date, our laboratory has isolated T. mentagrophytes 

from the follow ing animals trapped at random: 16 mice 

{Peromyscus polionotus, P. gossypinus, Mus musculus), 

23 rats (Sigmodon hispid is, Rattus norvegicus, R. rattus), 

and 7 opossums (D idelphis Virginia and D. marsupialis) . I t  

is noteworthy that none of these animal hosts from which 

dermatophytes were recovered exhibited any skin lesions.

T R IC H O P H Y T O N  V E RR U C O SU M  IN FECT IO N S

D i a g n o s i  s

The examination of skin scrapings or fragments of the 

crusts reveals branching mycelium and chains of arthro- 

spores, as seen in a ll types of ringworm infections. The 

infected hairs, however, show a more specific picture. The 

interior of the hairs may show branching mycelium, but on 

the outside of the hair there is a characteristic sheath com­

posed of chains of very large spores 5 to 8 microns in diame­

ter. Such hair invasion is called “ large-spored ectothrix”  

(the “ megalosporon”  of Sabouraud). Infected hairs do not 

fluoresce under a Wood’s lamp.

To complete the laboratory diagnosis, cultures should 

be made. Although T. verrucosum w ill grow on Sabouraud’s 

dextrose agar at room temperature, the growth is so slow 

that the fungus takes several weeks to appear and is fre­

quently overgrown by the more quickly developing bacteria 

and saprophytic fungi that may be present in the inoculum. 

The growth of T. verrucosum may be stimulated by the addi­

tion of thiamin* to the medium, and by incubation at 37° C. 

The use of antibiotics to inhib it the growth of bacteria and 

saprophytic fungi, as described in Part I, is of especial 

value in the isolation of this slow-growing fungus. Identifica­

tion of the fungus is based on the gross and microscopic 

characteristics of the fungus culture. Characteristics of the 

culture are given in chart IV . A physiological characteristic

* T he  th ia m in  m ed ium  i s  d e s c r ib e d  in  P a r t  I .
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which is useful in the identification of this organism is the 

fact that a ll strains have a complete requirement for thiamin 

or a combination of thiamin and inositol. Nutritional tests 

for demonstrating this growth requirement have been de­

scribed by Georg and Camp (63).

Review of T. verrucosum infections in an imals  

Catt le

Ringworm in cattle appears to be common in the United 

States as well as in other parts of the world. The vast 

majority of these infections (98 to 100 percent in most 

areas) are due to T. verrucosum. Recent reports indicate 

that this disease of cattle is common in New York State 

(78), Pennsylvania (51), Iowa (27), New Hampshire (80), 

Michigan (64), Canada (13), England (2,90,104,113), 

Europe (70), and Australia (97).

T. verrucosum is likewise a common cause of human 

ringworm in rural areas, and there is ample evidence that 

human infections are directly or indirectly contracted 

from cattle (17,51,64,70,128). Aside from the public 

health importance of this disease, T. verrucosum infec­

tions in cattle have economic importance as disfiguring 

lesions impair the appearance of stock that is to be sold. 

There is evidence also that grossly infected calves do 

not gain weight as rapidly as noninfected stock.

Ringworm of cattle occurs largely in calves, although 

it is o c c a s i o n a l l y  seen in adult animals. In the 

Communicable Disease Center survey, 61 specimens of 

cattle hair yielded dermatophytes. A ll isolates in this 

series (except one T. mentagrophytes) were T. verruco­

sum. The majority of the specimens were from young 

animals (under 2 years of age). These findings agree with 

those of McPherson (104) and indicate the high suscepti­

b ility  of young stock. The spread of infection is often 

low with only one or two animals in a herd becoming 

infected. However, when animals are kept together in 

large groups or in close quarters, infection may spread 

rapidly and 50 to 60 percent of a herd become infected. 

Epizootics occur most commonly among very young calves. 

McPherson concludes from his studies that incidence of 

infection in a herd depends on the proportion of calves in 

the total stock.

In the study of rural ringworm in Michigan (64) a sea­

sonal distribution was evidenced in human T. verrucosum 

infections. In this group, 83.9 percent of the cases oc-
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curred from November through April. This corresponded 

to the seasonal p r e v a l e n c e  of ringworm in cattle in 

Michigan as reported for the year 1954 by the Michigan 

Veterinary Service (112). According to this report, ring­

worm was diagnosed among 1,539 herds of cattle for the 

months of November through April. In contrast, during the 

summer and fa ll months, May through October, only 346 

herds were reported as infected. Thus 81.6 percent of the 

herd infections occurred in the winter and early spring 

months. In surveying ringworm in cattle in northern 

Britain, McPherson (104) did not find any significant 

change in prevalence correlated to season, location of the 

herd, nutritional status, lighting of the cattle sheds, or 

the presence of lice on the cattle.

Since Walker (148) has shown that T. discoides ( T. 

verrucosum)-infected hairs remain viable in storage under 

laboratory temperature for 15 months or longer, the impor­

tance of cleansing and destroying fungus spores on the 

floors, woodwork, stanchions, and scratching posts in the 

barn environment should be stressed. Although most cases 

of human infection can be traced to direct contact with a 

ringworm-infected calf, a s ignificantly large number of 

infections apparently have been transmitted indirectly 

(64,129). Transmission among a herd of cattle no doubt 

occurs this way also. Walker (148) demonstrated the 

presence of T. discoides (T. verrucosum)-\n{ected hairs 

on a scratching post used by most of the cattle in a herd, 

and Blank (13) described the development of infection in 

a newly purchased cow which had been placed in a stan­

chion previously occupied by a ringworm-infected cow.

Ringworm lesions in cattle range from areas of slight 

scaling and loss of hair to clearly circumscribed plaques 

1 to 4 inches in diameter covered with greyish white 

crusts which may become very thickened. The lesions are 

most numerous on the head around the eyes or muzzle and 

frequently on the neck, but other parts of the body may be 

affected. In young calves, where the infection may be 

extensive, large areas over the top of the head, back, 

and rump may be covered with heavy crusts. In an active 

lesion the crust is firmly attached, and when forcibly 

removed, moist, bleeding areas remain. Pus may be found 

under the crusts, and if pruritus is present, raw areas are 

seen. Around the edge of the lesions, and in the crust 

itself, stubs of broken-off infected hairs may be found. 

When a lesion begins to heal, the heavy crust is lost and 

dry scaly patches with hair loss are seen.
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Other  a n im a l s

In spite of the fact that one of the first isolations of 

the fungus later known as T. verrucosum was from an 

outbreak of ringworm involving 40 horses (19), this fungus 

has rarely been reported as causing ringworm in horses. 

Other reports in the literature include isolation from a 

donkey (19), a dog (8), a goat (7), and sheep (30,57,74).

In the course of the Communicable Disease Center 

survey, T. verrucosum has been isolated from donkeys, 

a burro, and a horse. In their survey in Great Britain 

Ainsworth and Austwick (2) recorded one isolation from a 

horse. It is interesting that the horse had been pastured 

with cattle which were h e a v i l y  i n f e c t e d  with T. 

verrucosum.

T R I C H O P H Y T O N  E Q U IN U M  I N F E C T I O N S

D iagnos i  s

With the proper techniques, fungus-infected skin w ill 

reveal branched septate mycelium and arthrospores, as 

seen in a ll types of ringworm infections. Infected hairs, 

however, reveal a more specific picture. The interior of the 

hairs contains branched mycelium, but on the outside of the 

hair one finds chains of rather large spores, 3.5 to 8 microns 

in diameter, with an average size of 5.8 microns. This type 

of hair invasion is best described as “ ectothrix with medium­

sized spores in chains.”  The size of the spores is interme­

diate between those of T. mentagrophytes (3.0 to 5.0 microns) 

and the extremely large-spored T. verrucosum (8 to 10 m i­

crons). Sabouraud described the hair invasion of T. equinum 

as “ ectothrix megaspore”  in contrast to the “ microide”  type 

produced by T. mentagrophytes.

To complete the laboratory diagnosis, cultures must be 

made. T. equinum grows readily on Sabouraud’s dextrose 

agar, with or without antib iotics, at room temperature. 

Characteristics of the culture are given in chart IV. A physi­

ological characteristic which is useful in the identification 

of this fungus is the fact that T. equinum has a complete 

requirement for n icotin ic acid. For a detailed description of 

this fungus see Georg et al. (66).
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P l a t e  V I.

A . H o rse  in f e c te d  by  T. eq u inum . B .  H a i r  i n v a d e d  by  T. e q u inu m  show s  c h a in s  of 

la rge  spores  on i t s  s u r fa ce .  C .  C o lo n y  of T. equ inum  on S a b o u r a u d 's  dex trose  agar .

D . M ic r o c o n id i a  of T . e q u inu m . E .  N u t r i t i o n  t ubes  show ing  re qu i re m en t  for n i c o t i n i c  a c id .  

L e f t  to r igh t :  c a s e i n ,  c a s e i n  +• n i c o t i n i c  a c id .
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R ev ie w  of T.  equ inum  i n f e c t i o n s  in a n im a l s  

Horses

T. equinum appears to be the most common cause of 

equine ringworm in the United States, Europe, and South 

America. Of 26 equine infections recorded in a study by 

the Communicable Disease Center during 1957 (64), 57.7 

percent were due to this organism. The other 11 repre­

sented 4 other species.

The literature indicates that T. equinum has caused 

much ringworm in horses in the past. It was first de­

scribed from France by Matruchot and Dassonville in 

1898 (101). Since that time there have been a number of 

well authenticated reports from Europe and South America 

(22,94,96,116,132). Ainsworth and Austwick’s recent 

survey of animal mycoses in Britain (2) revealed that T. 

equinum infection in the horse is common in that country. 

In describing a number of epizootics which spread rapidly 

from stable to stable, they found that the incubation period 

appeared to be about three weeks.

A number of strains of this fungus were isolated in the 

United States and Canada during our animal ringworm 

survey. The majority came from isolated cases of equine 

ringworm. Several strains, however, came from an epizootic 

described by Batte and Miller (6) which developed in race 

horses in several Atlantic Coast stables. These horses 

are continuously moved as the racing season progresses 

southward in the fall and northward in the spring. The fun­

gus was first isolated from this epizootic in 1953 and 

again in 1955. Prolonged treatment appeared to be effec­

tive in controlling the spread of the disease in the treated 

animal; however, reinfection and new cases arose due to 

the introduction of infected animals into a stable. Colts 

and yearlings were the most susceptible, but animals of 

a ll ages became infected. It is probable that infected 

hairs which remained on brushes and combs and saddle 

gear were a source of infection.

Infected horses usually present a number of ringworm 

plaques. Isolated lesions are scattered over the hind­

quarters and shoulders, while others are grouped together 

in the saddle area where they tend to become confluent. 

Lesions first appear as swellings which can be felt 

through the hair, and in these areas the hairs become 

matted and “ glued-together.”  Slight traction allows the 

removal of these hairs in a single block, the remainder 

being held at their base by a scaly crust. The lesions
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enlarge by loss of peripheral hairs. A review of equine 

ringworm by Georg et al. (66) describes T. equinum ring­

worm in the horse and compares it with other types of 

ringworm disease in this animal.

Human contagion has occurred in a number of epizootics 

of T. equinum ringworm, but the number of cases is ap­

parently low (22,96,101,133).

Other  an im a l  s

We have observed a T. equinum infection in a dog (66), 

a young Doberman Pinscher that showed generalized loss 

of hair and scaling. However, the infection disappeared 

spontaneously in 3 to 4 weeks. The dog was born and 

raised in a rural area where direct or indirect contact 

with horses could have occurred, and it appears most 

likely that the source of infection was infected horses.

T R I C H O P H Y T O N  G A L L I N A E  I N F E C T I O N S  (“ favus”  of poultry) 

D i a g n o s i s

Material should be scraped from the edges of lesions or 

crusts on the combs, wattles, or any affected area of the 

skin. The feathers are not invaded by the fungus, but in ­

fected skin scales may be found at the base of the feathers. 

KOH preparations show many short, thick, branched, and 

twisted bits of mycelium and chains of spherical arthrospores.

To complete the laboratory diagnosis, cultures should be 

made. Growth appears after 7 to 14 days on Sabouraud’s 

dextrose agar, with or without antib iotics, at room tempera­

ture. The culture is identified on the basis of its gross and 

microscopic characteristics. Chart IV lis ts  the characteris­

tics of this fungus species. For a detailed description of T. 

gallinae, see Georg (59).

Rev ie w  of T.  g a l l i n a e  i n f e c t i o n s  in a n im a l s  

Ch i c k e n s

Ringworm or “ favus”  in chickens was first described 

by Megnin in 1881 (106) as a disease which produced a 

fine moldiness on the combs and cheeks of chickens. 

In the United States, where the disease is also known as 

“ white comb,”  it was first described by Beach and Halpin 

in 1918 (10) after several outbreaks had occurred in 

Wisconsin over a period of several years. Rie del (126) 

also reported an outbreak of the disease in 1950, and 

Bu llis  (25) has described an outbreak that involved 125
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P l a t e  V I I .

A . T . g a l l in a e  i n f e c t i o n  on the comb and  w a t t l e s  of a roos ter .  B .  C lose-up  of a hen  

show in g  i n f e c t i o n  o f  the sk in  due to T . g a l l in a e .  C .  C o lo n y  of T. g a l l in a e  on S ab o u r au d 's  

dextrose  agar .  D .  M a c ro c o n id i a  o f  T. g a l l in a e .  E .  Sk in  s c ra p in g  from in f e c te d  roo s te r  

show in g  m y c e l i a l  e le m en ts .
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of a group of 500 chickens. However, in none of these 

outbreaks in the United States was the causative fungus 

clearly described.

T. gallinae infections are apparently not uncommon 

in South America. Dr. A. Cury, of the Institute Oswaldo 

Cruz at R io de Janeiro, has sent us two cultures isolated 

from infected cocks in Brazil. In the recent survey of 

ringworm in animals in Great Britain by Ainsworth and 

Austwick (2), one case of T. gallinae infection in fowl 

was recorded. This outbreak has been described by 

Carnagan et al. (26).

Recently the CDC laboratory studied a T. gallinae 

culture isolated from a scalp lesion on a four-year-old 

Puerto Rican girl. A field investigation was undertaken 

to determine the source of the child ’s infection. It was 

found that the family owned five apparently healthy 

chickens which were the favorite pets of the child. Upon 

close examination, however, minute dry scales were 

found on the comb of one of the chickens. T. gallinae 

was isolated from this chicken. The disease was then 

reproduced on chickens in this laboratory using the cul­

ture isolated from the child. This case has been reported 

by Torres and Georg (134). This is the second authentica­

ted case of T. gallinae in a human being. The first record 

of the isolation of T. gallinae from a human was by 

Sabouraud (133) in a footnote in “ Les Teignes,”  1910.

Other  a n im a l s

T. gallinae infection of wild birds has been reported 

by Patia la  (120) in F in land . These infections are a con­

spicuous disease in the black grouse (Lyrurus tetrix), 

which is a common game bird in that country.

Baudet (9) has reported an infection in a dog which 

had been confined for two months to a small enclosure 

where chickens had been kept.

R A R E  C A U S E S  O F  R IN G W O R M  IN A N I M A L S  

Microsporum a u d ou i n i i  

D i a g n o s i  s

The c lin ica l picture of M. audouinii infections in 

animals appears to be sim ilar to that seen in M. canis 

infections. M. audouinii-infected hairs fluoresce brightly 

under a Wood’s lamp, and show the same characteristic 

sheath of small spores (2 to 3 microns) as do M. canis-
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infected hairs. As a result, M. audouinii infections can be 

differentiated from M. canis infections only by cultural 

methods. The cultural characteristics of M. audouinii are 

listed in chart III.

Rev ie w  of M. au d o u i n i i  i n f e c t i o n s  in a n im a l s

M. audouinii is considered to be a “ human type”  or 

anthropophilic fungus, and indeed its occurrence in 

animals is exceedingly rare. It is the most important 

agent of epidemic ringworm in schoolchildren in the 

United States, and in recent years thousands of cases 

have been reported from a ll sections of the country. 

Infections are transmitted both directly and indirectly 

from child to child, with no evidence that animals play 

any role in its transmission.

Experimental studies indicate that it is d ifficu lt 

to infect laboratory animals such as guinea pigs and 

rabbits with most strains of M. audouinii; nevertheless, 

there are 3 reports in the literature of spontaneous in ­

fections in dogs (81,115,132), 1 in a monkey (138), and 

1 in a guinea pig (147). A report of M. audouinii infection 

in rabbits has been made by Ravaio li and Tonolo from 

Italy (123). However, it is clear from the description of 

the lesions in the rabbits, as well as the characteristics 

of the fungus isolated, that the authors were dealing with 

ringworm due to Trichophyton mentagrophytes.

These few cases do not indicate that animals consti­

tute a reservoir for human infections. But the fact that 

lower animals can become infected by this dermatophyte 

would suggest that they may on rare occasions be a 

source of human infections. It is possible that extensive 

cultural studies of animal contacts of human cases might 

revise our present concepts of the part played by animals 

in the epidemiology of M. audouinii infections in man.

Dog s

The first report of M. audouinii infection in a dog 

was that of Sabouraud in 1908 (132). A second case 

was reported by Murrell in 1951 (115). In this latter 

case, the boy who owned the dog subsequently be­

came infected, and the child presumably got the in ­

fection from the dog. The lesion on the dog was in the 

form of a circinate eczematous plaque on the lower 

jaw. Kaplan and Georg (81) described the third case 

of U. audouinii infection in a dog. This case occurred
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P l a t e  V I I I .
A .  C o lo n y  o f  M. a u d o u in i l  on S a b o u r a u d ’ s dex trose  agar .  B .  M y c e l ium  and  ch lamydo- 

spores  o f  M. a u d o u in i l .  C .  M a c ro c o n id ia  of M. a u d o u in ii . T h e se  poo r ly  d e v e lo p e d  spores 

are on ly  very ra re ly  ob se rve d .  D . C o lo ny  o f  M . d ia to r tu m  on S a b o u r a u d ’ s dex trose  agar.

E .  M a c ro c o n id ia  o f  M. d ia to r tum , 47SX .  F .  M a c ro c o n id ia  o f  M. d l a to r tum , 1200X .
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in a Boxer puppy with multiple circular, scaly, ery­

thematous areas of alopecia up to 3 mm. in diameter 

on the abdomen, chest, and left front leg. It is inter­

esting that in this case, 2 children in the household 

had been found to have tinea capitis with fluorescing 

hairs approximately 2 weeks before the puppy was 

acquired. Unfortunately, cultural studies had not been 

performed on the children. Here it would appear, if the 

children had \1. audouinii ringworm, that the infection 

in the children may have been transmitted to the dog. 

Since this report, 2 further cases of M. audouinii 

infections in dogs (one in a Terrier and one in a 

Boxer) have been studied by this laboratory.

Microsporum d is tor tum

M. distortum was first encountered in New Zealand by 

DiMenna and Marples in 1954 (43). They described this 

fungus as a new species after iso lating it from 12 human 

cases of ringworm. C lin ica lly , the infections appeared to be 

sim ilar to M. audouinii infections. These workers could not 

demonstrate any animal source of these infections.

In 1957, Kaplan et al. (85) described the isolation of M. 

distortum from 4 monkeys and 1 dog in the United States and 

described 6 possible human contact infections. M. distortum 

appears to have been introduced into the United States by 

monkeys imported from Central America. C lin ica lly , the in ­

fections simulate those due to M. canis or M. audouinii. 

Infected hairs fluoresce under a Wood’s lamp, and show a 

sheath of small arthrospores 2 to 3 microns in diameter. 

M. distortum infections can be differentiated only by cul­

tural studies (see chart III).

The cultural characteristics of M. distortum may be found 

in the report by Kaplan et al. (85). Since their report, this 

laboratory has studied one isolate from a human infection 

which was apparently contracted from an infected monkey

(23).

T r i chophy ton  s c h o e n l e i n i i  ( c l i n i c a l  favus  in a n im a l s )

The literature is very confusing concerning the etiology 

of favus in animals. This is undoubtedly due to the fact that 

many different species of dermatophytes can produce a 

disease c lin ica lly  known as favus.

Favus of both man and animals is characterized by the 

development of yellowish to greyish-white cup-like crusts or 

scutulae which adhere to the skin in great masses. These 

crusts are made up of epithelia l debris, mycelium, and
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P l a t e  IX .

A. C o lo n y  of T*. a c h o e n le in i i  on S ab o u r aud ’ s dex trose  agar .  B .  I r r egu la r  h yphae  or 

“ chande l ie r s**  of T. acho  en l e in i i .  C .  C o lo n y  of T. rubrum  on S a b o u r a u d ’ s dex trose  agar . 

D. R ev e rse  o f  T. rubrum  co lo ny  sh o w in g  dark red p ig m e n t a t i o n .  E .  M ic r o c o n id i a  o f  T. 
rubrum . F .  C h a r a c t e r i s t i c  p e n c i l- s h ap e d  m a c r o c o n id i a  of T . rubrum .
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masses of irregularly shaped arthrospores often arranged 

in chains.

The c lassica l favus of man is caused by T. schoenleinii. 

This disease is common in southern Europe and North Africa 

and constitutes an important public health problem. Human 

favus due to this fungus has been seen occasionally in the 

United States, particularly in our port cities. Recently, 

however, we are becoming aware that endemic areas for this 

disease exist in several of our southern States. The infection 

has not been reported from animals in this country, but this 

organism is a potential agent of disease in dogs, cats, and 

mice, hence should be sought for in endemic areas where 

these animals may constitute a reservoir.

Lesions of a “ favic type”  had been observed in mice by 

a number of the early workers in the field of medical my­

cology, and claims had been made that these were identical 

to the lesions of human favus due to T. schoenleinii. How­

ever, the majority of these reports were based on c lin ica l 

impressions only. Of the few reports which were accompanied 

by descriptions of cultures., Sabouraud accepted only two, 

those of DuBois and of Unna and Franck (120). The report of 

DuBois is interesting in that a hedgehog which had been 

confined in the same house where the infected mouse had 

been caught also had favic lesions and T. schoenleinii was 

recovered from both animals. Photographs of these animals 

are shown in “ Les Teignes,”  pages 546 and 547 (120).

Favus due to T. schoenleinii has been reported in the cat 

by Lebert (according to Richou, 125) and in the dog by 

Catanei in North Africa (29).

An interesting report of favus in a canary has been re­

ported by Fisher (49) who named his isolate Achorion 

passerinum. However, from the description of the fungus, it 

appears to have been T. schoenleinii.

Microscopically, favus due to T. schoenleinii is different 

from other so-called “ favus”  disease in the manner of the 

invasion of the hair. In T. schoenleinii infections, the hairs 

are invaded throughout their length by branching mycelial 

strands which are filled with vacuoles that contain air 

bubbles and fat droplets. The infected hairs become dull, 

greyish, and brittle. They seldom break off but are depilated 

as a whole. Permanent alopecia may result from this disease. 

F ina l identification of the fungus agent is made by cultural 

studies. Characteristics of the fungus culture may be found 

in chart IV.

38



C lin ic a l fa v u s  due to  o th e r fu n g i

C lin ica l favus, as evidenced by the development of 

heavy cup-like crusts or scutulae, may be produced by 

a number of dermatophyte species. The commonest cause 

is usually attributed to “ Trichophyton quinckeanum.” 

Epizootics in mice due to this organism have been de­

scribed by a number of authors (15,24,38). Workers in this 

laboratory who have had an opportunity to study a number 

of cultures from “ favus”  in mice which have been desig­

nated as “ T. quinckeanum”  are of the opinion that this is 

not a d istinct species but merely a colonial variant of 

T. mentagrophytes {T. mentagrophytes var. quinckeanum). 

However, after iso lating this fungus from infected mice in 

Canada, Blank (15) is of the opinion that it is not only 

distinct from T. mentagrophytes but should be placed in 

the genus Microsporum as M. quinckeanum.

Other dermatophyte species which can produce c lin ica l 

favus in animals and humans are: M. gypseum, T. verruco- 

sum, T. violaceum, and T. gallinae.

Since all of the above fungi may at times produce a 

sim ilar c lin ica l picture, it is only by isolation and study 

of the etiologic agent that correct identification can 

be made.

Tr i chophyt on  rubrum

T. rubrum is a common cause of ringworm in humans, being 

most frequently found in infections of the feet and na ils , and 

on areas of the body, particularly the axillae and the groin. 

The disease is apparently transmitted from individual to 

individual by direct or indirect contact.

T. rubrum infections appear to be extremely rare in an i­

mals. The first authenticated case of T. rubrum infection in 

animals was that of Chakraborty et al. (33) in 1954, who 

reported the isolation of this fungus from skin lesions in 1 

dog and 2 cows in Calcutta, India. The cultures were subse­

quently studied and confirmed by this laboratory.

The second report was that of Kaplan and Gump, 1958 

(131). This was an infection in a one-year-old Boxer who 

exhibited a single, raised erythematous plaque which later 

developed a dry, scaly appearance with loss of hair. It is 

noteworthy that the owner of this dog had a mild case of 

tinea pedis for several years duration, and had the habit 

of rubbing the dog with his bare feet. Cultural studies of
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scrapings from this man’s feet revealed that his infection 

was also due to T. rubrum. In this case there is good pre­

sumptive evidence that the infection was transmitted from 

the owner to the dog.

T. rubrum is essentially an anthropophilic fungus; how­

ever, as evidenced by these reports, it can produce infec­

tions in animals. A description of the fungus may be found 

in chart IV.

Tr i chophy ton  v io l a ceu m

The first reference to animal infection by T. violaceum 

was by Bloch in 1911 (18). This author described a case of 

spontaneous favus in a mouse due to Achorion violaceum 

(T. violaceum). However, the description of the fungus iso­

lated, as well as the ease with which experimental infec­

tions were produced in guinea pigs, leaves considerable 

doubt that the culture actually was T. violaceum.

In the recent literature, however, there are two well au­

thenticated reports of T. violaceum infections in animals. 

These were spontaneous ringworm infections of cattle in 

Yugoslavia. Ozegovic and Grin (118), in a study of 289 cases 

of cattle ringworm infections in Bosnia and Herzegovenia, 

found 93.3 percent due to T. verrucosum and 6.7 percent 

due to T. mentagrophytes. However, they found one case of 

ringworm in a calf to be due to T. violaceum. Similarly 

H ajs ig  (75), also from Yugoslavia, found T. verrucosum to be 

the common cause of ringworm among 19 infected cattle 

studied. But among this group he found one calf which 

had a mixed infection due to T. verrucosum and T. violaceum.

T. violaceum is the most important cause of human ring­

worm in Yugoslavia as well as in many of the southern 

European and Mediterranian countries. It seems likely  that 

here, where T. violaceum infections are extremely high in the 

human population, that animal infections due to this anthro­

pophilic organism are most likely to occur. They are probably 

secondary to human infection.

T. violaceum may be isolated from c lin ica l materials by 

methods described in Part I. A description of the fungus may 

be found in chart IV.

Kera t i nom yces  a j e l l o i

K. ajelloi was isolated by Vanbreuseghem from Belgian 

soil in 1952 (145). The fungus had been recovered by baiting 

moistened soil samples with filaments of human hair. At 

about the same time and by a sim ilar technique, A je llo  (3)
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P l a t e  X .

A. C o lo n y  o f  T. v io la ce un ^  on S a b o u r a u d ’ s dextrose  agar .  B .  I r r egu la r  m y c e l iu m  o f  T. 

v io la c e u m . C. G i a n t  Malari^ar squ ir re l ,  the on ly  a n im a l  s p e c ie s  in  w h i c h  s p o n tan e o u s  

K . a je l lo i  i n f e c t i o n  h a s  been  ob se rved .  (C ou r te sy  of New Yo rk  Z o o l o g i c a l  G a rd en s ) .  

D . Sk in  s c ra p ing  from sp o n tan e o u s  K . a je l lo i  i n f e c t i o n .  E .  C o lo n y  o f  K . a je l lo i  on 

S a b o u r a u d 's  dex trose  agar .  F .  C h a r a c t e r i s t i c  m a c r o c o n id i a  of K . a je l lo i .
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isolated this same organism from Tennessee and Georgia 

so ils . Since this time, K. ajelloi has been found to have 

wide distribution in the so il in many areas of the world 

(40,53,100).

The morphological characteristics of the fungus growth 

and the fact that it was keratinophilic suggested that this 

organism might have pathogenic properties, but repeated 

attempts to produce infections in experimental animals 

resulted in failure. Proof of its pathogenicity, however, 

was provided by* a case of spontaneous skin infection which 

occurred in a Malabar giant squirrel at the Chicago Zoologi­

cal Park (65). Communicable Disease Center studies of the 

skin scrapings from this animal revealed fungal elements, 

and K. ajelloi was repeatedly isolated. The strain isolated 

from the squirrel proved to be pathogenic to the guinea pig, 

and produced typical lesions of ringworm in this animal. 

On the basis of these findings, K. ajelloi is considered to be 

a dermatophyte, an animal pathogen, and a potential human 

pathogen.

K. ajelloi may be readily isolated from c lin ica l materials 

by the methods described in Part I. A description of the 

fungus may be found in chart III.

SURVEY OF  RINGWORM OF  ANIMALS IN THE UNITED STATES

Recognizing the fact that animal ringworm is of definite public 

health importance, the Mycology Unit of the Communicable Disease 

Center, in cooperation with the Veterinary Public Health Section of 

the Center, in itiated an animal ringworm study in 1953. An integral 

part of this study was a survey to determine the fungi involved and 

the prevalence of these infections in our lower-animal population. 

This survey was conducted with the cooperation of veterinarians from 

a ll parts of the United States who submitted c lin ica l materials from 

animals with skin lesions for mycologic study. In addition, a com­

panion survey was carried out on wild animals trapped in southwest 

Georgia by personnel of the Newton F ie ld Station of the Communi­

cable Disease Center. It is noteworthy that the wild animals did not 

show any cutaneous abnormalities at the time the specimens were 

collected. The findings from these studies for the 18-month period 

of January 1956 to June 1957 are presented in Tables I and II, 

adapted from a report by Kaplan, Georg, and A je llo .*

As noted in Table I, during the period covered, specimens from 

2,361 domestic animals with skin lesions were examined. These 

materials were submitted by veterinarians from 35 States in a ll sec­

* K a p l a n ,  W . ,  A j e l l o ,  L . ,  a n d  G e o r g ,  L . :  R e c e n t  d e v e l o p m e n t s  i n  a n i m a l  r i n g w o r m  

a n d  t h e i r  p u b l i c  h e a l t h  i m p l i c a t i o n s .  A n n .  N .  Y .  A c a d .  S c i .  7 0 : 6 3 6 - 6 4 9 ,  1 9 5 8 .
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tions of the country. Pathogenic fungi were recovered from animals 

residing in 29 different States. From the total number of specimens 

studied, 642 (27.2 percent) were found to be positive by culture. 

Nine dermatophyte species and Trichosporon cutaneum* were isolated 

and identified from the c lin ica l materials submitted. These were: 

Microsporum canis, M. gypseum, M. audouinii, M. distortum, Tri­
chophyton mentagrophytes, T. equinum, T. verrucosum, T. rubrum, 

Keratinomyces ajelloi, and Trichosporon cutaneum. As might be 

expected, the majority of these dermatophytes are specialized zo- 

ophilic parasites of lower animals. However, two of the species, 

M. gypseum and K. ajelloi, are soil organisms, and two others, 

M. audouinii and T. rubrum, are essentially human pathogens.

During the period covered by this report, hair specimens from 

2,350 wild animals were cultured (Table II). Twenty-one different 

animal species, comprising rodents and larger mammals, are in ­

cluded in this series. From these animals, M. gypseum was recovered 

in 3 instances, once from a Norway rat (Rattus norvegicus), and twice 

from the old field mouse (Peromyscus polionotus). The dermatophyte 

T. mentagrophytes was isolated from 6 opossums (Didelphis mar- 

supialis), 1 cotton rat (Sigmodon hispidus), 1 old field mouse (P. 

polionotus), and 1 Norway rat (R. norvegicus). In addition, 74 iso­

lates were obtained of a fungus which at that time was referred to 

as the “ red Microsporum.”  This organism was recovered from 11 

opossums (D. marsupialis), 1 raccoon (Procyon lotor), 2 skunks 

(,Mephitis mephitis), 1 cottontail rabbit (Sylvilagus floridanus) 57 

cotton rats (S. hispidis), 1 house mouse (Mus musculus), and 1 

Norway rat (/?. norvegicus).The “ red Microsporum”  is now considered 

to be a new species and has been recently described by A je llo** as 

Microsporum cookei. Although this fungus is closely related to the 

dermatophyte species, a ll experimental attempts to demonstrate 

pathogenicity for man or animals have been unsuccessful. Thus the 

public health importance of this new fungus species remains to be 

determined.

It should be pointed out again that none of the wild animals 

studied exhibited any skin or hair abnormalities. Hair specimens 

had been collected simply from areas around the nose and around 

the base of the ta il from each animal examined. Although M. gypseum 

and T. mentagrophytes are recognized as potential pathogenic fungi, 

in none of the animals from which they were recovered in this series 

was there any evidence of skin or hair invasion.

The survey of ringworm in animals conducted by the Communi­

cable Disease Center, as well as sim ilar programs which have been 

developed in Great Britain, indicate that ringworm in animals is a 

common dermatologie condition with definite public health im pli­

cations.

♦ K a p l a n , W . :  P l e d r a  i n  l o w e r  a n i m a l s .  A  c a s e  r e p o r t  o f  w h i t e  p i e d r a  i n  a m o n k e y  

a n d  a r e v i e w  o f  t h e  l i t e r a t u r e .  J .  A m .  V e t .  M . A .  1 3 4 : 1 1 3 - 1 1 7 ,  1 9 5 9 .

* * A j e l l o ,  L„ : : A  n e w  m i c r o s p o r u m  a n d  i t s  o c c u r r e n c e  o n  s o i l  a n d  o n  a n i m a l s .  

M y c o l o g i a ,  5 1 : 6 9 - 7 6 ,  1 9 5 9 .
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TABLE 1

DOMESTIC ANIMAL RINGWORM SURVEY, JANUARY 1956 TO JUNE 1957: 
DERMATOPHYTES ISOLATED BY HOST SPECIES

Host Animal 
Species

Number
Speci­
mens
Exam­
ined

Organisms Isolated

Total
Posi­
tive

Percent
Positive
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Dog 1659 252 68 1 1 41 i 3* 368 22.1
Cat 524 193 4 3 200 38.1
Cattle 58 29 29 50.0
Horse 56 2 12 4 18 32.1
Monkey 21 10 4 1 15 71.4
Ch inch ilia 12 1 2 3 25.0
Guinea pig 9 6 6 66.0
Rabbit 8 0 0.0
Donkey 2 1 1 2 100.0
Sheep 5 0 0.0
Malabar

squirrel 1 1 1 100.0
Chicken 1 0 0.0
Parakeet 4 0 0.0
Chimpanzee 1 0 0.0

Total 2361 358 84 1 5 52 5 30 i 1 + 3* 1 642 27.2

* K .  a j e l l o i  s tra in s  not show n to be p a tho g en ic .

t r .  cu t a n e u m .  (T h is  organ ism  is  not an agent of r ingw orm ,bu t cau se s  a d ise a se  of the ha ir  sha fts  known 

as w hite  p ie d ra . T h is  d ise a se  has been desc r ib ed  in  low er an im a ls  by K ap la n .)



TABLE 2

WILD ANIM AL RINGWORM SURVEY, JANUARY 1956 TO JUNE 1957: 
FUNGI ISOLATED BY HOST SPECIES

Host Animal Species
Number

Specimens
Examined

Fungi Isolated

Microsporum
gypseum

Trichophyton
mentagrophytes

Microsporum
cookei

Opossum
(Didelphis marsupialis) 379 6 11

Raccoon
(Procyon lotor) 552 1

Skunk
(Mephitis mephitis) 246 2

Gray fox

(Urocyon cinereoargenteus) 87
C ottonta il rabbit

(Sylvilagus floridanus) 205 1
Cotton rat

(Sigmodon hispidus) 336 1 57
House mouse

(Mus musculus) 91 1
Gray squirrel

(Sciurus carolinensis) 3
Red fox

(Vulpes fulva) 18
Cotton mouse

(P eromyscus polionotus) 18
Fox squirrel

(Sciurus niger) 51
Marsh rabb it

(Sylvilagus palustris) 4
Dom estic cat (fera l)

(Felis domestica) 26
Bobcat

(Lynx rufus) 61
Old fie ld  mouse

(Peromyscus polionotus) 61 2 1
Harvest mouse

(Reithrodontomys sp.) 4

Roof rat
(Rattus rattus) 76

Golden mouse
(Peromyscus nuttalli) 1

Wood rat
(Neotoma floridana) 1

Otter
(Lustra canadensis) 1

Norway rat
(Rattus norvegicus) 129 1 I 1

Total 2,350 3 9 74
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A P P E N D I X

Formula  of the  s e l e c t i v e  i s o l a t i o n  med ium  for p a thogen i c  fungi

C Y C L O H  E X I M I D E - C H L O R  A M PH  E N I C O L  M E D IU M *

Com pos i t i o n :

Sabouraud’s dextrose agar (2% agar content) 

Cycloheximide** 0.5 mg./ml.

Chloramphenicol*** 0.05 mg./ml.

P repara t ion :

1 L i t e r

(1) Suspend 65 gm. dehydrated Sabouraud’s dextrose agar 

(to which has been added 5.0 gms. agar) in 1000 ml. 

water. Heat to boiling.

(2) After removal from heat, add chloramphenicol (50 mg. 

suspended in 10 ml. 95 percent alcohol) to the medium.

(3) Add cycloheximide solution (500 mg. in 10 ml. acetone).

(4) Mix well and distribute into tubes.

(5) Autoclave at 118° C. for 10 min. Slant and allow to 

harden.

Note: For the iso lation of T. verrucosum from animal hairs, 

it is an advantage to add thiamin (0.01 mg./liter) to the 

above medium. Both thiamin and the antib iotics, chloram­

phenicol and cycloheximide, are heat stable at an acid pH, 

and therefore may be autoclaved in the medium.

♦Two e s s e n t i a l l y  s im i l a r  m e d ia ,  i n  d e h y d ra te d  form, are a v a i l a b l e  

c o m m e rc i a l l y :  M y c o s e l  A ga r  (B a l t im o re  B i o l o g i c a l  C o . )  a nd  Myco- 

b i o t i c  Agar  (D i f c o  C o . )

♦♦ A c t i- d io ne ,  t r ade  n am e  fo r  c y c lo h e x im id e ,  i s  d i s t r i b u t e d  by  the 

U p jo h n  C o . ,  K a l a m a z o o ,  M ic h ig a n .

♦ ♦ ♦ C h lo rom yce t in ,  t r ade  n am e  for c h lo r a m p h e n ic o l ,  i s  d i s t r i b u t e d  by  

P a rk e  D a v i s  a nd  C o . ,  D e t r o i t ,  M i c h i g a n .

T rade  n a m e s  are u s e d  for  i d e n t i f i c a t i o n  p u r p o s e s  o n ly ,  and  t h e i r  u se  

d oe s  n o t  c o n s t i t u t e  e n d o rs e m e n t  o f  th e s e  p r o d u c t s  b y  th e  P u b l i c  H e a l t h  

Se rv ice .
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CHART I

PRELIMINARY DIAGNOSIS OF RINGWORM IN ANIMALS FROM C LIN IC AL MATERIALS

Microsporum and Keratinomyces Infections

Animals
Location and Appearance of Lesions

Wood’s Light Direct Examination in KOH Mounts Fungus

Affected Examination Skin Scrapings Hair Species

COMMON:

C ats

Dogs

OCCASIONAL:

H orses

M onkeys

RARE:

C h in c h illa s  

(2 cases 
reported)

S ca tte red  le s io n s , but e s p e c ia lly  on 

head. A d u lt ca ts  and dogs: in fe c tio n s  may 

be c l in ic a l ly  in a p pa re n t, or may be rep re ­

sented by lo s s  o f h a ir o n ly . Young a n im a ls : 

le s io n s  u s u a lly  more c le a r ly  d e fine d . D is ­

c re te  c irc u la r  areas o f h a ir  lo ss  w ith  s c a l­

ing and o c c a s io n a lly  v e s ic u la r  borders are 

common. H eavy c ru s ts  may deve lop  in 

th e se  areas. Severe c l in ic a l cases may 

appear in  both young and a d u lt a n im a ls , 

w ith  heavy c rus te d  areas or w ide sp re a d  

lo s s  o f h a ir, s c a lin g  and e rythem a. H orse: 

le s io n s  p a r t ic u la r ly  in harness areas 

( " g ir th  i t c h ” )

B r ig h t y e llo w - 

green f lu o re s ­

cence o f 

in fe c te d  h a irs

M yce lium  and 

ch a in s  o f 

a rth ro sp ore s

Sheath o f sm all spores 

(2-3 H) in m osa ic , com ­

p le te ly  surrounds h a ir 

a t base. E a s ily  d is ­

lodged from h a ir in 

p re p a ra tio n . M ycelium  

w ith in  h a ir  runn ing  

p a ra lle l to  its  length

Microsporum
canis

COMMON:

Dogs

OCCASIONAL:

C ats  
H orses 
W ild  rodents

In fe c tio n  may be c l in ic a l ly  inapparen t. 

O ften a s in g le  le s io n  on head o r leg  or 

s ca tte re d  d is c re te  le s io n s  over body. 

C irc u la r  areas w ith  lo ss  o f h a ir and some 

s c a lin e s s , or heavy y e llo w is h -b ro w n  c rus ts  

w h ich  la te r fa l l  o f f  le a v in g  a "m o th -e a te n ”  

appearance to  a n im a l. H a irs  loose  a t 
edges o f c ru s ts . Some h a irs  embedded in 
c ru s ts

No

flu o re sce n ce

M yce lium  and 

m asses o f 

ve ry la rge 

a rth ro sp ore s , 

some in 

cha ins

L arge  spores (5-8 |i)  

in ch a in s  or in 

irre g u la r masses 

on su rfa ce  o f h a irs . 

M yce lium  w ith in  h a ir, 

runn ing  p a ra lle l to  its  

length

Microsporum
gypseum



RARE:

Dogs 

(3 cases 

reported) 

M onkey 

(1 case 

reported) 

G uinea p ig 

(1 case 

reported)

S in g le  or sca tte re d  le s io n s , c irc u la r  

w ith  lo s s  o f h a ir, s c a lin g , and some 

erythem a. E czem atous le s io n s  reported

B rig h t ye l low- 

green f lu o re s ­

cence o f 

in fe c te d  ha irs

M yce lium  and 

ch a in s  o f 

a rth ro sp ore s

Sheath o f sm a ll 

spores (2-3 p.) in 

m osa ic , co m p le te ly  

surrounds h a ir a t base. 

E a s ily  d is lo d g e d  from 

h a ir  in p rep a ra tio n . 

M yce lium  w ith in  ha ir 

runn ing  p a ra lle l to  

its  length

Microsporum
audouinii

OCCASIONAL:

M onkeys

RARE:

Dogs 

(1 case 

repo rted)

S in g le  or sca tte red  le s io n s , c irc u la r  

w ith  lo ss  o f h a ir and sc a lin g

B r ig h t y e llo w - 

green f lu o re s ­

cence o f 

in fe c te d  h a irs

M yce lium  and 

ch a in s  o f 

a rth rospores

Same as above Microsporum
distortum

EXTREMELY

RARE:

M alabar 

g ia n t sq u irre l 

(1 case 

repo rted)

S cattered le s io n s  w ith  ha ir loss  and 

s c a lin g

No

flu o re sce n ce

M yce lium  and 

ch a in s  o f 

a rth rospores

M ycelium  w ith in  h a irs . 

No d is t in c t  sheath o f 

spores about h a irs

Keratinomyces
a je llo i



CHART II

PRELIMINARY DIAGNOSIS OF RINGWORM IN ANIMALS FROM CLINICAL MATERIALS

Trichophyton Infections

Animals
Location and Appearance of Lesions

Wood’ s L ight D irect Examination in KOH Mounts Fungus

Affected Examination Skin Scrapings Hair Species

COMMON:
Mice
Rats
Dogs
Cats
Rabbits
Chinchi lias
Guinea pigs

Most common on head near mouth and 
eyes, or at base of ta il,  but may be any­
where on body. Infection may be c lin ic a lly  
inapparent. Usually find irregularly defined 
areas o f the hair loss w ith considerable 
scaling. Heavy crusts may form. Occasion­
a lly  pustules form at edges of lesion and 
suppuration beneath crusts.

No fluorescence Mycelium and chains 
o f arthrospores

Sheath or isolated 
chains of spores 
(3-5 |_l) on surface 
o f hair. Mycelium 
w ith in  hair

Trichophyton
mentagrophytes

OCCASIONAL:
Horses
Cows
Muskrats
Opposums
Squirrels
Foxes

RARE:
Pigs

Horse: lesions p a rticu la rly  in harness 
areas ( "g ir th  itc h ” ).

Wild rodents: in fections often c lin ic a lly  
inapparent. In rodent epizootics, lesions 
may be heavy raised crusts o f " fa v ic  
type”

COMMON:
C attle

RARE:
Horses
Donkeys
Burros
Dogs
Sheep

U sually on head or neck, but may be 
scattered on body, legs, or ta il.  In calves 
lesions may be very extensive. Coin­
sized or larger d is tin c t plaques w ith 
heavy greyish-white crusts. When crusts 
are removed, moist, bleeding areas are 
seen. Old lesions lose heavy crusts, show 
scaliness and broken-off hair stumps

No fluorescence Mycelium and chains 
of arthrospores

Sheath or isolated 
chains of large 
spores (5-10 n) on 
surface o f hair

Trichophyton
verrucosum



COMMON:
Chickens
Turkeys

RARE:

Wild birds 
Dog (1 case 
reported)

White powdery scaliness which tends 
to form concentric rings on comb and 
w attles. Later heavy white crusts form 
in these areas ("w h ite  comb”  or “ favus 
of ch ickens” ). In rare cases in fection may 
spread over body which shows scaliness 
of the skin. Does not involve the feathers

i
No fluorescence Mycelium and chains 

o f arthrospores
Feathers not 
affected

Trichophyton

gallinae

COMMON:

Horses

RARE:

Dog (1 case 
recorded)

Scattered lesions especia lly  in saddle 
area ( "g ir th  itc h " ) .  C ircu lar lesions with 
matting of hair fo llow ed by hair loss and 
development of crusts. As lesions heal 
crusts fa ll o ff leaving bald areas and g iv­
ing the animal a “ moth-eaten”  appearance

No fluorescence Mycelium and chains 
o f arthrospores

Sheath or isolated 
chains of spores 
(3.5-8 U.) on surface 
of hair. Mycelium 
w ith in  hair

Trichophyton

equinum

OCCASIONAL:

Dogs
Cats
Mice
Monkeys

Commonly on the head, and occasionally 
on the back. Heavy ye llow ish  crusts fre­
quently depressed at the ir centers to form 
“ cups" or “ scutu lae.”  Crusts may be 
aglomerated to form large masses. These 
are tig h tly  adherent to the skin which 
bleeds wnen they are removed

Not reported in 
animals. (In human 
in fections, none or 
dull w h itish  fluo­
rescence has been 
reported)

Masses of very ir ­
regular mycelium 
and arthrospores 
some in chains

Hair invasion not 
reported in animals. 
In human in fections, 
hairs are invaded 
throughout their 
length by branching 
mycelium which con­
tain vacuoles and 
fat droplets

Trichophyton

schoenleinii

RARE:

Dogs 
(2 cases 
reported)

Cows 
(2 cases 
reported)

Single or scattered lesions showing 
loss of hair, scaling, and erythema

No fluorescence Branching mycelium Hair invasion rare. 
In experimental 
animal in fections, 
chains of spores 
have been observed 
on outside of hair, 
and mycelium w ith in  
hair

Trichophyton

rubrum

RARE:

Cows 
(2 cases 
reported)

Lesions s im ila r to those caused by T. 

verrucosum in ca ttle
No fluorescence Branching mycelium Not reported in 

animals (endothrix 
in humans)

Trichophyton

violaceum



CHART III

C U L T U R A L  CHARACTERISTICS OF RINGWORM FUNGI ISOLATED FROM ANIMALS

Microsporum and Kera t ino  myces Spec ies

Fung us  Spec ies C o lo ny  — Sabouraud Dextrose Agar 

wi th or wi thou t  Antib iot ics

M ic roscop ic  Cha r ac t e r i s t i c s

Microsporum canis 

(Syn: M. lanosum, 

M. felineum,

M. equinum)

G row th  ra p id . S urface a t f i r s t  w h ite , s i lk y ,  w ith  

b r ig h t y e llo w  p igm en t in  p e rip h e ra l g ro w th . A fte r  

2-4 w e eks , s u rfa ce  dense , tan , c o tto n y , som e­

tim e s  in ir re g u la r  tu f ts  o r c o n c e n tr ic  r in g s , o fte n  

w ith  c e n tra l knob o f h e a v ie r g ro w th . R everse  s id e  

o f co lo n y  b r ig h t y e llo w , becom es d u ll o range- 

brown. R are s tra in s  show no p igm en t on re ve rse . 

G row s w e ll on r ic e  g ra in s

M a c ro c o n id ia  num erous, 8-15 

c e lle d , s p in d le -s h a p e d , o fte n  

te rm in a tin g  in a d is t in c t  knob, 

and w ith  th ic k ,  ve rru c o se  w a lls .  

M ic ro c o n id ia  few , c la v a te , 

u s u a lly  s e s s ile  on the  hyphae

Microsporum gypseum 

(Syn: M. fulvum, 

Achorion gypseum)

G row th  ra p id . C o lo n y  f la t  w ith  ir re g u la r ly  fr in g e d  

border and c o a rs e ly  pow dery  su rfa ce  ran g in g  from 

lig h t  och re  to  deep c innam on brow n. T u f ts  o f 

w h ite , f lu f f y ,  s te r i le  (p le m o rp h ic ) g ro w th  deve lop  

ra p id ly  on su rfa ce  o f c o lo n y . R everse  s ide  o f 

c o lo n y , d u ll y e llo w  to  tan , ra re ly  p in k is h  to  red. 

Good g ro w th  on r ic e  g ra in s

M a c ro co n id ia  num erous, 3 -9  

c e lle d , e l l ip s o id ,  sh o rte r and 

b roader than those  o f M. ca n is  

and w ith  th in n e r, rough w a lls .  

M ic ro c o n id ia  rare , c la v a te , 

u s u a lly  s e s s ile  on th e  hyphae

i



M ícrosporum  a u d o u in ii C o lo n y  s lo w  g ro w in g , flat, v e lv e ty ,  w ith  w h it is h -  

tan to  b ro w n ish  su rfa ce . R everse  s id e  o f c o lo n y , 

l ig h t  sa lm on, o range-tan , or non-p igm ented . 

G row th  on r ic e  g ra in s  ve ry  poor

M yce liu m  u s u a lly  s te r ile  w ith  

many ch la m yd o sp o re s . M ic ro ­

c o n id ia  u s u a lly  ra re , c la v a te , 

s e s s ile  on the  hyphae. M acro­

c o n id ia  u s u a lly  ab sen t, but 

sm a ll num bers fou nd  in some 

s tra in s . When p re se n t, are la rge, 

ir re g u la r ly  s p in d le  shaped, th ic k  

w a lle d  w ith  a sm ooth or rough 

su rfa ce . A b o rt iv e  and b iz a rre  

shaped m a c ro co n id ia  are m ost 

com m only seen

tM crosporum

d is to rtu m

G row th  ra p id . C o lo n y  f la t  w ith  a te n den cy  to  

d e ve lo p  ra d ia l g ro o ve s . S urface  v e lv e ty  to  f lu f fy ,  

w h ite  to  tan . Some s tra in s  have l i t t le  a e r ia l my­

c e liu m , and appear w a xy . R e verse  s id e  o f co lo n y  

c o lo r le s s  to  d u ll y e llo w is h - ta n . Good g row th  on 

r ic e  g ra ins

M a c ro c o n id ia  num erous. T hey  

are th ic k  w a lle d  w ith  a rough 

su rfa ce , and m arke d ly  d is to r te d  

in shape. M ic ro c o n id ia  pear- 

shaped, s e s s ile  on the  hyphae

K e ra fin o m yce s

a je l lo i

G row th  ra p id . C o lo n y  f la t  or som ew hat heaped 

and fo ld e d . S urface f in e ly  pow dery or dow ny, 

cream  to  tan  or o range-tan in c o lo r . A re a s  o f 

w h ite  f lu f f y  (p le o m o rp h ic ) g row th  de ve lo p  ra p id ly .  

R everse  s id e  o f  co lo n y  is  c o lo r le s s  o r a deep 

b lu is h -b la c k

M a c ro c o n id ia  num erous. T hey  

are long and s le n d e r w ith  p a ra l- 

led w a lls  ta p e rin g  a t each end 

(c y lin d ro fu s ifo rm ) and com posed 

o f 8-12 c e l ls .  T he  w a lls  o f m acro­

c o n id ia  are w id e  ( th ic k e r  than 

th o se  o f M. canis) and have a 

sm ooth s u rfa ce . M ic ro c o n id ia  

abundant in some s tra in s , rare in 

o th e rs , o va te  to  p y rifo rm  s e s s ile  

on the hyphae



C U L T U R A L  C H A R A C T E R I S T I C S  OF RINGWORM FUNGI  I S O L A T E D  FROM ANIMALS

C H A R T  IV

Trichophyton Species

Fungus Species Colony - Sabouraud Dextrose Agar with 

or without Antibiotics

Microscopic Characteristics

Trichophyton
mentagrophytes

(Syn: T. gypseum,

T. granulosum,

T. quinckeanum

G row th rap id . C o lony f la t ,  or heaped and 

irre g u la rly  fo ld ed . Surface co a rse ly  granu lar 

to  powdery to downy, or co tto n y , w h ite  to 

cream, o c c a s io n a lly  y e llo w  or p in k . Reverse 

s id e  o f co lo n y , rose-brow n, o c c a s io n a lly  

y e llo w is h , orange, or deep red

M ic ro co n id ia  very numerous, sm all 

g lobose to  s lender and e longate 

borne s in g ly  along hyphae or in 

p in e -tre e -lik e  te rm ina l c lu s te rs . 

M acrocon id ia  rare or abundant in 

some s tra in s , 2-5 c e lle d , th in -w a ile d , 

s l ig h t ly  c lub-shaped, sp ind le-shaped, 

or long and n e a rly  penc il-shap ed . 

T ig h tly  wound s p ira ls , nodu lar 

bodies may be numerous

Trichophyton
verrucosum

(Syn: T. foviforme,

T. album,

T. discoides,

T. ochraceum)

G rowth very s low , may not appear u n til 10 to 

14 days in cuba tion . C o lony u su a lly  sm a ll, 

heaped and fo ld ed , o c c a s io n a lly  f la t  and d is c  

shaped. C o lo n ie s  a t f i r s t  g labrous and w axy, 

som etim es deve lop ing  w h ite  or ye llo w  pow­

dery or downy surface grow th. No grow th on 

v ita m in -fre e  m edia. Most s tra in s  requ ire  

th ia m in  and in o s ito l,  some requ ire  th iam in  
on ly . G rowth more rap id  a t 3 7 ° C.

On Sabouraud’ s dextrose agar, u su a l­

ly  o n ly  a th in  irre g u la r m ycelium  

w ith  chlam ydospores. I f  grown at 37 ° 

C ., chlam ydospores very numerous 

and form heavy cha ins . On th iam in  

enriched m edia, m ycelium  is  more 

regu la r and m ic ro co n id ia  may be 

numerous. They are sm all ond d e l­

ica te  borne s in g ly  along hyphae. 

M acrocon id ia  extrem e ly  rare, 3-5 

c e lle d , th in , smooth w a lls ,  vary 

con s id e ra b ly  in s ize  and shape



Trichophyton
equlnum

1 G rowth rap id . C o lony f la t,  but develops fo ld s  

w ith  age. Surface at f i r s t  w h ite  and f lu f fy  

w ith  b rig h t y e llo w  pigm ent in periphera l 

g row th. L a te r surface becomes f la t te r  and 

v e lv e ty  and cream to tan. R everse side o f 

co lony  a t f i r s t  b rig h t ye llo w , la te r p ink to 

deep red-brown. No growth on v ita m in -fre e  

m edia. All s tra in s  require  n ic o t in ic  acid

M ic ro co n id ia  few  to many, g e ne ra lly  

th in  and elongate. M acrocon id ia  very 

rare w ith  th in , smooth w a lls

Trichophyton
schoenlelnll

(Syn; Achorion
schoenlelnll)

Growth s low , u su a lly  irre g u la rly  heaped and 
fo lded , tough and lea thery, tend ing  to crack 

the agar. Surface w h ite  to  tan, g labrous and 

w axy or w h ite  w ith  powdery or downy surface 

grow th. O ccasiona l s tra in s  grow la rg e ly  sub­

merged in th e  agar. A l l  s tra in s  w i l l  grow in 

a v ita m in -fre e  medium. Grows as w e ll at 

room tem perature as at 37° C.

M ycelium  h ig h ly  irre gu la r. Coarser 

hyphae tend to  become knobby and 

clubbed a t ends (cha nd e lie rs). 

Chlam ydospores u s u a lly  numerous. 
M ic ro con id ia  very  rare. M acrocon id ia  

absent

Trichophyton
rubrum

(Syn: T. purpureum)

G rowth s lo w . C o lony f la t  or heaped, w ith  a 
w h ite  f lu f fy  surface. O ccas iona l s tra in s  w ith  

a powdery or ve lv e ty  surface  w h ich  becomes 

h ig h ly  fo lded . Such s tra in s  are at f ir s t  w h ite  

to cream in co lo r, but la te r become a deep 

rose. Reverse s ide  o f  most is o la te s  show a 

red to deep pu rp lish -red  p igm enta tion . T h is  
d isappears in subcu ltu res. Rare s tra in s  lack 

th is  deep red pigm ent on f i r s t  is o la t io n , may 

be ye llo w ish -o ra n g e  on reverse

M icro con id ia  rare in most f lu f fy  
s tra in s , th in  and d e lic a te  and oc­

curring  on ly  along s ides o f hyphae. 

M ic ro con id ia  common in v e lve ty  or 

g ranu lar s tra in s , more g lobose and 

occu rring  along the  m ycelium  and 

in p in e -tre e -lik e  c lu s te rs . M acro­

con id ia  rare in most s tra in s , but 
most common in g ranu lar cu ltu res , 

u s u a lly  e longate  and th in  w ith  p a ra l­

le l s ides and b lu n t ends, 3 - 8 c e lls

Trichophyton
vlolaceum

G rowth very s lo w . C o lony heaped and verru- 

cose. Surface g labrous, at f irs t  cream then 

lavender becoming deep purp le . O ld cu ltu re s  

may develop downy surface  grow th, may lose 

pu rp le  pigm ent.

M ycelium  th in , irre gu la r w ith  
chlam ydospores. M ic ro con id ia  

u su a lly  no t found



R E F E R E N C E S

(1) Adams, L ., Salvin, S .B ., and Hadlow, W .J.: Ringworm in a population
of snowshoe hares. J . Mammol. 37:94-99, 1956.

(2) Ainsworth, G .C ., and Austw ick, P .K .C .: A survey of anim al mycoses in

Britain: General aspects. Vet. Rec. 67:88-97, 1955.

(3) A je llo , L .: The dermatophyte, Microsporum gypseum, as a saprophyte

and parasite. J . Invest. Dermat. 21:157-171, 1953.

(4) A je llo , L .: Soil as a natural reservoir for human pathogenic fungi. Science

123:876-879, 1956.

(5) A je llo , L ., and Georg, L .K .: In vitro hair cultures for d ifferentiating

between atyp ical iso la tes of Trichophyton mentagrophytes and Tri­
chophyton rubrum. Mycopath. et m y c o l .  appl. 8:1-17, 1957.

(6) Batte, E .G ., and M iller, W.S.: Ringworm of horses and its  control. J. Am.

Vet. M. A. 123:111-114, 1953.

(7) Baudet, E .A .R .F .: Recherches experimentales sur les Trichophyton

animaux à cultures faviformes. Ann. parasit. hum. et comp. 10:520-541, 

1932.

(8) Baudet, E .A .R .F .:  Sur une dermatomycose du chien, a l ’aspect de favus,

produite par un Trichophyton a culture faviforme. Ann. parasit. hum. et 
comp. 13:568-575, 1935.

(9) Baudet, E .A .R .F .:  Sur une dermatomycose du chien produite par Micro­
sporum (Achorion gallinae). Ann. P aras ito l. 17:443-446, 1939.

(10) Beach, B .A ., and H alp in , J .G .: Observations on an outbreak of favus.

J. Agri. Res. 15:415-420, 1918.

(11) Be llag i, S.: Die in Ungarn einheim ischer Mikrosporon, Trichophyton,

Epidermophyton, und Achorion-pilze. Derm. Woch. 83:1155-1169, 1926.
(12) Bergner, K .: Mikrosporon equinum und Achorion gypseum a ls Erreger von

Flechtenerkrankung bei Pferden. Ztschr. f. Infektionskr. 58:121-141, 

1942.
(13) Blank, F .: Ringworm of cattle due to Trichophyton discoides and its

transm ission to man. Canad. J . Comp. Med. 17:277-281, 1953.

(14) B lank, F .: Dermatophytes of anim al origin transm issible to man. Am. J . M.

Sc. 229:302-316, 1955

(15) B lank, F .: Favus of m ice. Canad. J. Microbiol. 3:885-896, 1957.

(16) B lank, F ., Byrne, J .L . ,  Plummer, P .J .G ., and Avery, R .J .:  Iso lation  of

Trichophyton granulosum Sabouraud, 1909, from ch inch illas  showing 
“ fur-slipping” . Canad. J . Comp. Med. 17:396-402, 1953.

(17) B lank, F ., and Craig, G .E .: Fam ily epidemics of ringworm contracted from
cattle . Canad. M. A. J . 41:234-235, 1954.

(18) B loch, B .: Das Achorion violaceum, ein bisher unbekannter F avusp ilz .

Derm. Zeitschr. 18:815-833, 1911.

(19) Bodin, E .: Les teignes tondantes du cheval et leurs inoculations humaines.

Thèse, Paris , 1896, 128 pp.

(20) Bodin, E ., and Almy, J .:  Le microsporum du chien. Recue il Med. Vét.
V III (4):161-183, 1897.

(21) Booth, H .: Mouse ringworm. Arch. Dermat. & Syph. 66:65-69, 1952.

(22) Brocq-Rousseu, D ., Urbain, A ., and Barotte, J .:  Etude des teignes du

cheval et l'immunité' dans les teignes expe'rimentales. Ann. Inst. 

Pasteur 41:513-551, 1927.

(23) Brooks, B.: Personal communication (Washington, D .C .), 1957.

(24) Buchanan, R .E .: Favus herpeticus, or mouse favus. P oss ib ility  of pro­

duction of favus in man from Australian wheat. J . A. M. A. 72:97-100, 
1919,

56



(25) B u llis , K .L .: Personal communication, (Massachusetts), 1950.

(26) Camaghan, R .B .A ., G itter, M., and B laxland, J .D .: Favus in poultry:
An outbreak of Trichophyton gallinae infection. Vet. Rec. 68:600-602, 

1956.

(27) Carney, R .G .: Inflammatory ringworm due to Trichophyton faviforme. Arch.

Dermat. & Syph. 59:209-216, 1949.

(28) Catanei, A .: Études d es m odifications des caractères culturaux d’ un Tri­
chophyton gypseum. Arch. Inst. Pasteur Alge'rie 7:287-302, 1929.

(29) Catanei, A .: Premieres recherches sur les teignes du chien en A lgerie.
Arch. Inst. Pasteur Algerie 14:104-108, 1936.

(30) Catanei, A .: Etude des teignes des animaux en Algerie. Arch. Inst. Pasteur
Alge'rie 17:520-529, 1939.

(31) Catanei, A .: Les teignes de la souris blanche à Alger. Arch. Inst. Pasteur

Alge'rie 20:305-308, 1942.

(32) Cazalbou, L .: Note sur un nouveau favus du cheval observe'a Madagascar.

B u ll. Soc. path. exot. 6:300-303, 1913.

(33) Chakraborty, A .N ., Ghosh, S ., and B lank, F .: Iso lation  of Trichophyton
rubrum (C aste llan i) Sabouraud, 1911, from anim als. Canad. J . Comp. 
Med. 18:436-438, 1954.

(34) Charles, V .K .: A ringworm disease of muskrats transferable to inan. J.
Wash. Acad. Sci. 30:338-344, 1940.

(35) Conant, N .F .: Synonymie de Microsporum canis Bodin 1902 et de M. equinum
N icho las et Lacomme, 1906. Ann. parasito l. 13:161-164, 1935.

(36) Conant, N .F .: Studies in the genus Microsporum. III. Taxonomic studies.

Arch. Dermat. & Syph. 36:781-808, 1937.

(37) Conant, N .F .: A s ta tis t ic a l ana lys is  of spore s ize in the genus Micro­
sporum. J . Invest. Dermat. 4:265-278, 1941.

(38) Connor, J .I . :  Favus in mice and men. Med. J. Austra lia . ii:765-767, 1932. 

(38a) Cooke, W.B.: Western Fungi — II. Mycologia, 44:245-261, 1952.

(39) Dalton, J .E .,  Slaughter, J .C .,  Jenk ins, R .E ., Phe lps, S., and Hackney,

V .C .: Microsporosis due to Microsporum fulvum. J .  Invest. Dermat. 
15:421-423, 1950.

(40) D an ie ls, G .: Iso lation  of Keratinomyces aje llo i from so ils  in Great Britain .

Nature 174:224-226, 1954.

(41) Davidson, A .M ., and Gregory, P .H .: K itten carriers of Microsporum felineum
and their detection by the fluorescence test. Canad. M .A . J . 29:242-247, 
1945.

(42) De Lamater, E .D .: The squirrel as a new host to a ringworm fungus.
Mycologia 31:519-526, 1939.

(43) DiMenna, M., and Marples, M .J.: Microsporum distortum Sp. nov. from New

Zealand. Tr. Brit. Mycol. Soc. 37:372-374, 1954.

(44) Dolan, M.M., Kligman, A.M., K obylinsk i, P .G ., and Motsavage, M .A.:

Ringworm epizootics in laboratory mice and rats: Experimental and 

accidental transm ission of infection. J . Invest. Dermat. 30:23-25, 1958.
(45) Durie, E .B ., and Frey, D.: Iso lation  of Microsporum gypseum and of

Keratinomyces aje llo i from Australian soil. Nature 176:936, 1955.

(46) Emmons, C.W.: Trichophyton mentagrophytes (P inoyella  sim ii) isolated

from dermatophytosis in the monkey. Mycopathologia 2:317-319, 1940.
(47) Epstein, S.: Presentation of the hypothesis that Trichophyton interdigitale

is a degenerated Trichophyton gypseum. J . Invest. Dermat. 1:141-168,

1938.

(48) Errington, P .L .: Observations on a fungus skin disease of Iowa muskrats.

Am. J . Vet. Res. 3:195-201, 1942.

(49) F ischer, E .: Favus beim Kanarienvogel (Achorion passerinum). Derm.

Wochnschr. 39:1359-1361, 1928.

(50) F la tla , L .: Ringworm in the fox and cattle . Skand. Vet. T idskr. 29:753-780
1939.

(51) Fowle, L .P . ,  and Georg, L .K .: Suppurative ringworm contracted from

cattle . Arch. Dermat. & Syph. 56:780-793, 1947.

(52) Fragner, P ., and Krauskopf, J .:  Trichophyton gypseum Bodin 1902 var.

Quinckeanum 1885, B lanchard 1896, the cause of epidemic infection in 

processing straw. Ceska' Mycol. X/2:47-49, 1956. (C zech ., & Eng.).

57



(53) Frey, D.M., and Durie E .B .: The iso la tion  of keratinophilic  fungi, in ­

c luding Microsporum gypseum, from Australian so il. Australian J . Exper. 

B io l. & M. Sc. 34:199-204, 1956.

(54) Fuentes, C .A ., and Aboulafia , R .: Trichophyton mentagrophytes from

apparently healthy guinea pigs. Arch. Dermat. 71:478-480, 1955.

(55) Fuentes, C .A ., Bosch, Z .E .,  and Boudet, C .C .: Occurrence of Trichophyton
mentagrophytes and Microsporum gypseum on hairs of healthy cats. 

J . Invest. Dermat. 23:311-313, 1954.

(56) Fuentes, C .A ., Bosch, Z .E ., and Boudet, C .C .: Iso lation  of Microsporum
gypseum from soil. Arch. Dermat. 71: 684-687, 1955.

(57) Gammel, J .A ., and Work, J .L .:  Sycosis parasitica due to Favotrichophyton
album var. singulare. Arch. Dermat. & Syph. 38:756-772, 1938.

(58) Gentles, J .C ., and O ’Su llivan , J .G .:  Correlation of human and animal

ringworm in west of Scotland. Brit. M. J . (ii):678-682, 1957.

(59) Georg, L .K .: Cultural and nutritional studies of Trichophyton gallinae and

Trichophyton mengninii. Mycologia 44:470-492, 1952.

(60) Georg, L .K .: The relationship between the downy and granular forms of

Trichophyton mentagrophytes. J . Invest. Dermat. 23:123-141, 1954.

(61) Georg, L .K .: The role of anim als as vectors of human fungus diseases.

Tr. N .Y . Acad. Sei. Ser. II, 18:639-647, 1956.

(62) Georg, L .K ., A je llo , L ., and Papageorge, C .: Use of cyclohexim ide in the

selective iso lation  of fungi pathogenic to man. J . Lab . and C lin . Med. 

44:422-428, 1954.

(63) Georg, L .K ., and Camp, L .B .:  Routine nutritional tests for the iden tif ica ­

tion of dermatophytes. J . Bact. 74:113-121, 1957.

(64) Georg, L .K ., Hand, E .A ., and Menges, R .A .: Observations on rural and

urban ringworm. J . Invest. Dermat. 27:335-353, 1956.
(65) Georg, L .K ., Kaplan, W., A je llo , L ., W illiamson, W.M., and T ilden, E .B .:

The parasitic  nature of the so il fungus Keratinomyces ajelloi. In press.

(66) Georg, L .K ., Kaplan, W., and Camp, L .B .: Equine ringworm with special
reference to Trichophyton equinum. Am. J . Vet. Res. 18:798-810, 1957.

(67) Georg, L .K ., Roberts, C .S ., Menges, R.W ., and Kaplan, W.: Trichophyton
mentagrophytes infections in dogs and cats. J . Am. Vet. M. A. 130: 

427-432, 1957.

(68) Gordon, M .A ., A je llo , L ., Georg, L .K ., and Zeidberg, L .D .: Microsporum
gypseum and Histoplasma capsulatum spores in so il and water. Science 

116:208, 1952.
(69) Grin, E ., and Ozegovic', L .: Microsporum gypseum as a parasite in man

and as a saprophyte iso lated from so il. Radovi V III Naucno drustvo 

NRBIH 5-14, 1957. (Yugoslavian , Eng lish  Summary).
(70) Grin, E ., O zegovic, L ., and Vasiljevic', A .: Ringworm in cattle  and endemic

dermatophyte infections of the scalp  of man. Radovi VI Naucno drustvo 

NRBIH 43-68, 1956-(Yugoslavian, Eng lish  Summary).

(71) Gue'guen, F .: Les  champignons parasites de l ’homme et des animaüx.

i'hese  de Paris , 1904, 229 pp.

(72) Guiart, J .,  and Grigorakis, L .: L a  c lass ifica tion  botaniques des champignons

des teignes. Lyon Me'd. 141:369-378, 1928.

(73) Guilhon, J . ,  Charton, A ., and Durieux, J .:  Teigne du mouton. B u ll. Acad.

Vet. France. 28:465-468, 1955.

(74) Guilhon, J .,a n d  O b lig i, S.: Une nouvelle enzootie de teigne ovine. B u ll.

Acad. Vet. France. 29:443-445, 1956.

(75) H a js ig , M.: S imultaneous mycosis by Trichophyton verrucosum var. album
and Trichophyton violaceum in cattle . Veterinarski arhiv. (Zagreb). 

28:235-239, 1957. (Yugoslav ian , Eng lish  Summary).

(76) Hasegawa, M., and Yamamoto, K .: Uber einen bei Affen dezuchteten P ilz :

Microsporon fulvum. Jap . J . Dermat. & Urol. 39:220-222, 1936. (In 

Japanese).
(77) Hejtma'nek, M.: Saprophytic stages of dermatophytes in nature. (Contribu­

tions to the epidemiology of dermatomycoses III) . B io log ia . C äs. Slov. 

Akad. V ied. 12:928-938, 1937.(Czech., Eng lish  Summary).
(78) Hoerlein, A .B .: Studies on anim al dermatomycoses. I. C lin ic a l stud ies.

Cornell Vet. 35:287-298, 1945.

58



(79) Hoffman, H .: Uber eine P ilzerkrankung beim Affen hervorgerufen wahr­

sche in lich durch Achorion gypseum. Derm. Woch. 86:353-354, 1928.
(80) J ills o n , O .F ., and Buckley, W.R.: Fungous disease in man acquired from

cattle and horses. (Due to Trichophyton faviforme.) New England J . Med. 
246:996-999, 1952.

(81) Kaplan, W., and Georg, L .K .: Iso la tion  of Microsporum audouinii from a

dog. J . Invest. Dermat. 28:313-315, 1957.

(82) Kaplan, W., Georg, L .K ., and A je llo , L .: Recent developments in animal

ringworm and their public health im plications. Ann. N .Y . Acad. Sc. 

70:636-649, 1958.

(83) Kaplan, W., Georg, L .K ., and Bromley, C .L .: Ringworm in cats caused by
Microsporum gypseum. Vet. Med. 52:347-349, 1957.

(84) Kaplan, W., Georg, L .K ., and Fosnaugh, C .J .:  Iso lation  of the dermato­
phyte, Microsporum gypseum from a horse with ringworm. J . Am. Vet. M. 
A. 129:381-383, 1956.

(85) Kaplan, W., Georg, L .K ., Hendricks, S .L ., and Leeper, R .A .: Iso la tion  of

Microsporum distortum from anim als in the United States. J . Invest. 

Dermat. 28:449-453, 1957.

(86) Kaplan, W., and Gump, R .H .: Ringworm in a dog caused by Trichophyton
rubrum. Vet Med. 53:139-142, 1958.

(87) Kaplan, W., Hopping, J .L . ,  and Georg, L .K .: Ringworm in horses caused
by the dermatophyte Microsporum gypseum. J . Am. Vet. M. A. 131: 

329-332,1957.

(88) Kral, F .: C lass ifica tio n , symptomatology, and recent treatment of animal

dermatomycoses (ringworm). J . Am. Vet. M. A. 127:395-402, 1955.

(89) La  Touche, C .J .:  The Leeds campaign against m icrosporosis in children

and domestic anim als. Vet. Rec. 64:398-399, 1952.

(90) La Touche, C .J .:  Some observations of ringworm in calves due to Tri­
chophyton discoides Sabouraud. Vet. Rec. 64:841-844, 1952.

(91) La Touche, C .J .:  Onychomycosis in cats infected by Microsporum canis
Bodin. Vet. Rec. 67:578-581, 1955.

(92) La  Touche, C .J .:  The importance of the animal reservoir of infection in the

epidemiology of animal-type ringworm in man. Vet. Rec. 67:666-669,

1955.
(93) Lawson, G .T .N ., and McLeod, W .J.: Microsporum canis. An intensive

outbreak. Brit. M. J . (ii):1159-1160, 1957.

(94) Lebasque, J .:  Recherches morphologiques et b io log iques sur les trichophy­
tons me'gaspore du cheval et du boeuf. Ann. parasito l. 12:418-444, 1934.

(95) Lew is, G.M., Hopper, M .E ., W ilson, J.W ., and P lunkett, O .A .: An Introduc­

tion to Medical Mycology. 4th Ed. Chicago, The Year Book P ub l., Inc., 

1948.

(96) Mackinnon, J .E .:  Ep izootica de tina en caballos y contam inacion de

hombre. Arch. Uruguayos de Med. C ir. y Espec. 8:498-502, 1936.

(97) Mancy, E .S .: Superficial fungous infection in V ictoria.. M. J . Australia

(i):883-885, 1952.

(98) Mandels, G .R ., Stahl, W .H., and Levinson , H .S .: Structural changes in wool
degraded by the ringworm fungus Microsporum gypseum and other micro­

organisms. Textile Rec. J . 18:224-231, 1948.
(99) Marples, M .J.: The ecology of Microsporum canis Bodin in New Zealand.

J . Hyg. 54:378-387, 1956.
(100) Marples, M .J.: Personal communication (New Zealand), 1958.

(101) Matruchot, L ., and Dassonv ille , C .: Sur un nouveau Trichophyton produisant

l’herpes chez le cheval. Compt. Rend. Acad. Sei. Paris . 127:279-281, 

1898.

(102) Matruchot, L ., and Dassonv ille , C .: Sur les teignes du chien. B u ll. Soc.

centr. med. vet. 56:50-71, 1902.
(103) McPherson, E .A .: Trichophyton mentagrophytes. Natural infection in pigs.

Vet. Rec. 68:710-713, 1956.

(104) McPherson, E .A .: A survey of the incidence of ringworm in cattle  in

Northern Britain . Vet. Rec. 69:674-679, 1957.

(105) McPherson, E .A .: The influence of physical factors on dermatomycosis in

domestic anim als. Vet. Rec. 69:1010-1013, 1957.

59



(106) Megnin, P .: Nouvelle maladie parasitaire de la peau chez un coq. Compt.

Rend. Soc. B io l. 33:404-406, 1881.

(107) Menges, R.W ., and Georg, L .K .: Observations on feline ringworm caused

by Microsporum canis and its  public health s ign ificance . Proc. Am. Vet. 

M. A. (Aug. 15-18):471-474, 1955.

(108) Menges, R.W ., and Georg, L .K .: An epizootic of ringworm among guinea
pigs caused by Trichophyton mentagrophytes. J .  Am. Vet. M. A. 128: 

395-398, 1956.

(109) Menges, R.W ., and Georg, L .K .: Canine ringworm caused by Microsporum
gypseum. Cornell Vet. 47:90-100, 1957.

(110) Menges, R.W., and Georg, L .K .: Survey of anim al ringworm in the United

States. Pub. Health Rep. 72:503-509, 1957.
(111) Menges, R.W ., Love, G .J ., Smith, W.W., and Georg, L .K .: Ringworm in w ild

anim als in Southwestern Georgia. Am. J . Vet. Res. 18:672-677, 1957.

(112) M ichigan Veterinary Reporting Service. Ann. Rept. I. 1954.

(113) Mortimer, P .H .: Man, an im als , and ringworm. Vet. Rec. 67:670-672, 1955.

(114) Muende, I., and Webb, P .: Ringworm fungus growing as a saprophyte under

natural conditions. Arch. Dermat. & Syph. 36:987-990, 1937.

(115) Murrell, T.W.: Microsporum audouini, iso lated  from a dog. Arch. Dermat.

& Syph. 63:683, 1951.
(116) Neefs and G illa in : Contribution a 1’ etude de la teigne. Ann. Med. Vet.

Beige. 76:193-209, 1931.

(117) Negroni, P .: Trichophyton lacticolor cultivado en dos casos de tina

espontanea de la cobaya. Rev. Soc. argent, b io l. 8:7-9, 1932.

(118) Ozegovic, L ., and Grin, I .E .:  Dermatomycosis in domestic an im als in our

country with specia l a t t e n t i o n  to their extension in Bosnia and 

Herzegovina. Veterinaria (Sarajevo). 6:1-12, 1957. (Yugoslav ian , 

E ng lish  Summary).
(119) Parish , H .J .,, and Craddock, S.: A ringworm epizootic in m ice. Brit. J .

Exper. P ith . 12:209-212, 1931.

(120) P a tia la , R .: On fungus d iseases in game. Papers on Game Research

6:21-22, 1951.

(121) Perez Cornejo, S.: Contribution al estudio m icologico de la tina del

caballo . Zoo iatria , Ch ile  3:7-17, 1954.

(122) Rabut, R ., et Canal: Deux foyers de Microsporum felineum. Un cas

d’Achorion gypseum. B u ll. Soc. franc, dermat et syph. 34:891-892,1927.

(123) R ava io li, L ., and Tonolo, A.: Infezione da Microsporum audouini Gruby

ne l coniglio . Rendiconti d’ Instit. Super, d. Sanita. 19:1201-1206, 1956.
(124) Report of Medical Mycology Committee of B ritish  Medical Research Council:

Animal reservoir of ringworm infection in B rita in . Brit. M. J . (i):963-965,

1956.

(125) R ichou, L .: Etude sur les teignes des carnivores. These, Ecole Nat. Vet.

d’A lfort, Vanin, Saint-Gaudens, France, 1950.

(126) R iede l, B .B .: Favus and its  treatment with a quarternary ammonium com­

pound. Poultry Sci. 29:741-742, 1950.

(127) Rocha Furtado, A.: A proposito de una epidemia de tinha no R io  de
Janeiro , causada pelo Trichophyton mentagrophytes (Robin, 1853) 

Blanchard, 1896, Mem. Inst. Oswaldo Cruz 45:407-440, 1947.

(128) Rook, A .J .,  and Frain-Bell, W.: Cattle  ringworm. Brit. M. J . ii:1198-1200,

1954.
(129) Rook, A .J .,a n d  Frain-Bell, W.: Cattle  ringworm in man. Med. Illu s . 8:823-

826, 1954.

(130) Sabouraud, R .: Trichophyton megalosporon pyogene du cheval. Ann. Inst.

Pasteur 7:497-528, 1893.

(131) Sabouraud, R .: Les trichophyties humaines. P aris , Rueff et C ie, 1894.

(132) Sabouraud, R .: The dermatomycoses common to man and anim als. Brit.

M. J . 2:1089-1094, 1908.

(133) Sabouraud, R .: Les Teignes. Paris , Masson et C ie ., 1910.
(134) Torres, G ., and Georg, L .K .: A human case of Trichophyton gallinae in fec­

tion. D isease contracted from chickens. Arch. Dermat. 74:191-197,1956.

(135) Saunders, W.: Small scale  epidemic of ringworm caused by a pet. New York

J . Med. 52:1673, 1952.

60



(136) Scherben Verhandlungen der Weiner dermatologische G ese llschaft. Arch. f.

Derm. u. Syph. 125:47, 1920.
(137) Schneider, W.: Favusepidem ie durch Feldm äuse. Hautarzt 5:348-351, 1954.

(138) Scully , J .P . ,  and Kligm an, A.M.: Coincident infection of a human and an

anthropoid with Microsporum audouini. Arch. Dermat. & Syph. 64:495- 

498, 1951.

(139) Smith, L.M .: Personal communication (Texas), 1958.

(140) Swartz, J .H ., Rockwood, E .M ., and G lick lich , E .A .: A survey of tinea
cap itis , inc lud ing  favus. Arch. Dermat. & Syph. 60:486-494, 1949.

(141) Trice, E .R ., and Shafer, J .C .:  Occurrence of Microsporum gypseum (M.
fulvum) infections in the D istrict of Columbia Area. Arch. Dermat. & 

Syph. 64:309-313, 1951.

(142) Truffi, M.: Favo della palpebra da Achorion gypseum. G ior. ita l. mal.

ven. pe lle . 55:330-331, 1914.

(143) Urbain, A ., Barotto, J . ,  and Capdebeille , H .B .: Sur un cas de teigne equine

due a 1’Achorion gypseum. B u ll, et mem. Soc. centr. med. vet. 

102:50, 1926.

(144) Vanbreuseghem, R .: Technique biologique pour l ’ isolement des dermato­
phytes du sol. Ann. Soc. Beige Med. Trop. 32:173-178, 1952.

(145) Vanbreuseghem, R .: interest theorique et practique d’ un nouveau dermato­

phyte iso le  due sol: Keratinomyces aje llo i gen. nov., sp. nov. B u ll. 

C lasse des Sciences, 5th. Series. 38:1068-1077. 1952.

(146) V ilanova, X ., and Casanovas, M.: Observations c lin iques et mycologiques
sur une e'pide'mie de trichophytie transmise du lapin a l ’homme. Presse 

med. 59:1760-1762, 1951.

(147) Vogel, R .A ., and Timpe, A.M.: Spontaneous Microsporum audouini infection

in a guinea pig. J . Invest. Dermat. 28:311-312, 1957.
(148) Walker, J P o s s i b l e  infection of man by indirect transm ission of Trichophy­

ton discoides. Brit. M. J . (ii):1430-1433, 1955.

(149) W ilson, J.W ., and P lunkett, O .A .: Lack of fluorescence of scalp  hairs
infected with Microsporum gypseum {fulvum). J . Invest. Dermat. 16: 

119-120, 1951.

*  U.S. GOVERNMENT PRINTING OFFICE : 1960 0 — 536130



1


