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To elucidate the mechanisms underlying the self-heal
ing process of experimental dermatophytosis produced 
in guinea pigs by an occlusive method with Trichophy
ton mentagrophytes, epidermal proliferative activity 
was evaluated by the in vivo tritiated thymidine-label
ing technique performed at various intervals after the 
first and second infections . Determination of labeling 
indices disclosed that an increased epidermal prolifera
tion correlated well with the severity of inflammatory 
changes, i.e., a peak activity was noted after 10 days in 
primary infection and at 2 days in reinfection, respec
t ively, and was followed b y subsequent spontaneous le
s ion clearance after 10 days. Application of a heat-killed 
spore suspension produced inflammatory changes with 
enhanced epidermopoiesis, similar to those induced by 
reinoculation of living spores, only in immune animals. 
The present results indicate that the dermatitic changes 
occurring in experimental dermatoph ytosis increase ep
idermopoiesis which facilitates elimination of the fungus 
from the stratum corneum and that host immune activ
ity, particularly contact sensitivity to fungal antigen, 
exerts a crucial role to induce these changes. 

In s uperficia l fungal infections such as derma tophytos is and 
candidiasis, the causative fun gi exist only in the stratum cor
neu m and release various substances to induce the character
istic dermatit ic cha nges. The ir mode of growth , occurring pre
dom inantly in t he nonviabl e port ion of t he skin , makes t he 
primary body defense co ns isting of phagocytosis and killin g of 
t he causative organisms by the phagocytic system rather ine f
fic ie n t in t heir eradication. In experimental candidiasis of 
guinea pigs, Sohnle and Kirkpatrick [1) demonstrated t hat 
delayed type hypersens it ivity to Candida albicans provokes 
increased epidermal prolife ration which facil itates t he elimi
nation of t he cauf\ative orga nisms from t he sk in with resul ta n t 
desquamation. N o such studies have been carried out in der
matophytosis in regaTd to the self-limi ting clinical course. 

The experimenta l de rmatophytosis of gu inea pigs induced by 
a n occlusive met hod provides a reproducible self-healing model 
infection [2). In such infected gu inea p igs a nd a lso in huma n 
patie n ts, it is possible to demonstrate contact sens itiv ity 
aga inst trichophytin, t he antigen released by dermatophyt.es. 
The t richophytin co ntact se nsitivi ty plays an importan t role in 
aggravating dermatiti c changes t hat is presumed to resul t in 
augmentation of epide rmopoi esis [2,3 ]. Furthermore, t ransepi
dermal leukocyte chemotaxis toward t he fungu s- laden horny 
laye r a lso occurs [4]. Us ing t he model of experimental derma
top h ytosis o f gui nea pigs, we have shown t hat t he leukocyte 
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chemotaxis occurs due to complemen t activation as well as to 
release of fungu s-derived chemotact ic factors. Complement is 
activated by fungal components only through t he a lternative 
pathway in nonimmune an imals, whereas complement activa
tion occurs via both alternative and classic pat hways in immune 
animals [ 4,5 ). 

In t he presen t study, using the infection model of self
limiting experimental dermatophytosis of guinea pigs, we have 
analyzed a tempora l pattern of epidermal proliferation that 
fa cili tates t he elimination of the causative organisms from the 
skin by resultant desquamation in both nonimmune and im
mune animals. W e have studied the correlation between epi
de rmopoiesis and inflammation by paying special attent ion to 
contact sensit ivity to dermatophytes. Our results indicate that 
enhanced ep ide rma l proliferation t hat occurs con currently wi t h 
inflammation plays an important role in lesion cleara nce and 
that the severity of inflammation is greatly influen ced by t he 
host immune state. 

MATERIALS AND METHODS 

Animals and Infection 

Thirty fema le albino guinea pigs (Hartely strain) weighing 300-500 
g were used. They were infected with a zoophilic strain ofT. mentagro
phyl.es under occlusive dressings using the inoculation technique re
ported previously [2]. BrieJ1y, a spo re suspension was applied to the 
manually depilated inoculation site on the back at a concent ration of 
20,000 spores/ cm1 under occlusion for 24 h. T his produced reproducible 
self- healing infection with a lesion coverin g the entire inoculation site . 
To detect the presence of contact sensit ivity to the dermatophyte the 
animals were also inoculated simultaneously with a heat-ki lled spo re 
suspe nsion, which was prepared by autoclaving at 120"C for 15 min , at 
a site symmetric to that inoculated with live spores. The severity of 
the innammat.o ry changes of the produced lesions were grossly graded 
on a subjective sca le of 1 t.o 4 in the fo llowing man ner: 1, weak 
erythematous spotty lesions; 2, diffuse erythematous lesions with or 
without sca les: :3, in fil trated erythematous scaly-crusty l es i o n ~: 4, angry 
inllammatory lesions with se rious weeping or thick crusts. 

The animals, once recovered from the first in fection, i.e., immune 
animals, were reinoculated in the same way 1 mont h late r. 
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Trichophytin Shin Test 

The t.est was performed in 3 animals every day by injecting 0.1 ml 
of 0.01 % purified tr ichophyt.in in t radermally and observing the re
sponse at 24 h , as described previously [2], until the development of 
positive reactions. Uninfected animals showed no delayed-hypersensi
t ivity reactions. 

Autoradiography 

The tritiated thymidine autoradiograp hic study was perfo rmed in 
normal skin before in oculat ion in 8 animals as a control, and in lesional 
skin of at least 3 animals at 2, 7, 11, 14, 17, and 26 days after the first 
inocul ation and at 1, :2 , 4, 7, 12, and 17 days after reinoculation. The 
animals were injected with 0.1 ml t ri tiated thymidine (New England 
Nuclea r, 1000 1-'Ci/ ml , 23 .7 Ci/mol) intradermally. T hree -millimeter 
skin punch biopsies were taken from t.he sites 1 h late r. The specimens 
we re prepared for autoradiography as reported previously (5J . A cell 
was considered labeled if it had more than 7 grains over the nucleus 
and the resul ts were expressed as the number of labeled epidermal cells 
per 1000 basa l ce lls (labeling index, Ll) . All basa l cells on a sect ion 
were counted except for those associated with hair folli cles. 
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RESULTS 

Clinical Changes in Experimental T. men tagrophytes Infection 

Clinical courses of T. mentagrophy tes infection were very 
similar in each animal, as shown schemat ically in Fig 1. The 
inoculation site first became erythematous at 1-2 days after 
infection and the intensity of eryt hema increased gradually 
unt il 8 days, at which t ime, almost concurrently with the 
demonstrabili ty of delayed-hypersensitivi ty reactions to t richo
phytin in every animal, t he lesions became infiltrated suddenly 
and covered by thick sil ve ry scales. Climax inf1ammatory 
changes were observed between 9-14 days, after which, slough 
ing of the crusty scales wi t h massive fun gal elements occurred 
and healing began to ta ke place . By week 4 the lesions were 
replaced by smooth alopecic scar. 

The animals that had recovered from t he primary infect ion 
were reinoculated with T. mentagrophy tes in the same way. 
They showed a more rapid onset of inflammatory changes, 
which were observable even at t he t ime of removal of the 
occlusion after 24 h, reached a peak within 2 days, and began 
to subside 4- days after infection. T he infection was completed 
within 10 days. 

An autoclave-killed spore suspension did not produce any 
changes on the skin of inexperienced animals. However, it 
induced an erythematous reaction ident ical to that produced 
by the living spore suspension on the skin of t he immune 
animals wi th pos it ive t richophytin test reactions, at t he t ime 
of removal of the occlusion. Although the inf1ammatory changes 
were similar to those noted wit h inoculation of the living spores 
un t il 3 days postinoculation, resolut ion of the lesions took place 
more rapidly at t he inoculation site of the heat-killed spore 
suspension, being a lmost completed after 8 days. 

Labeling Indices of the Epidermis 

In t he epidermis of t he control skin only a small number of 
basal cells showed uptake of thymidine (F ig 2). As shown in 
F ig 3, the time course of Ll in infected skin closely paralleled 
the grade of inflammatory changes. The LI increased in the 
initial stage slowly but later rap idly after t he first inoculat ion, 
reaching a max imum at 11 days when t he t hickness of the 
epidermis was also at the max imum (Fig 2), and t hereafter 
began to decrease gradually. However the epidermis studied in 
the clinically alopecic scar at 26 days postin fect ion was still 
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F IG 1. Cli nical severi ty of lesions in nonimmune a nimals a nd im 
mune animals (lower graph ) a fte r inoculation of T. rnentagrophytcs. 
Dolled line with double circles in the lower graph denotes t:he lesions 
induced by t he appl ication of heat-k illed spores in immune animals. 
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F IG 2. a, AuLo radiographic prepa ration of normal guinea pig skin 
wit h a few epidermal basal cells labeling with t ritiated thymidine 
(arrowheads). b, les ion 14 days postinfection now showing a large 
number of basa l or suprabasa l cells (arrowheads) in a highly acanthotic 
epidermis incorporating trit iated t hymidine (H & E, x 400). 
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F IG 3. T ime courses of LI in infected skin from nonimmune and 
immune a nimals. Each poin t represents mean and standard deviation. 
Dotted hne with double circles shows Ll in t he skin les ions induced by 
inoculation of the autoclave- killed spore suspension. 
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highly acanthotic and showed a significant higher level than 
that of the controls (p < 0.02); histologically there was still a 
moderate inflammatory cell infil t ration in the dermis. 

In contrast in nonimmune animals, the LI in immune ani
mals that recovered from the first infect ion, showed a rapid 
increase which reached a maximum at 2 days postinfection. It 
remained at s ignificantly higher levels than that of the controls 
unt il 7 days and gradually returned to normal. LI at the 
inoculation site of the heat-killed suspension also showed a 
similar pattern of change as noted in the lesions produced by 
t he living spores. 

DISCUSSION 

We demonstrated that accelerated epidermopoiesis in the 
skin of guinea pigs infected by T. mentagrophytes correlates 
well with the severity of inf1ammatory reactions and that within 
10 days of the peak of the dermatitic changes spontaneous 
regression of the lesions occurs; the severity of the inflamma
tory changes is variable depending upon the immunologic state 
of the host. Therefore, it is reasonable to presume that the 
enhanced epidermopoiesis gives rise to the self-limiting course 
of the infection, since elevated LI, which is generally considered 
proportional to increased epidermal turnover (6], facilitates 
elimination of the organism with resultant desquamation. In 
studies of experimental Trichophyton uerrucosum infections in 
cattle, Lepper and Anger [7] noted that its epidermal turnover 
t ime was reduced to 12 days in reinoculated areas as compared 
with 18 days in normal skin . 

Our time course study in experimental dermatophytosis 
showed that the epidermal proliferative activity correlated well 
wit h the severity of inflammation. In the lesions of tinea 
corporis of human patients the most inf1ammatory portion is 
a lways noted along the eczematous ring that advances periph
erally, pursuing a part that still retains fungus-laden stratum 
corneum. In their spatial study of the same lesions of tinea 
corporis, Berk et al [8] found that Lis at t he rim were much 
higher than those elsewhere in the lesions and of normal skin. 
In contrast to such annular and rather resistant lesions noted 
in t inea corporis of human patients, those of t he experimental 
infection in guinea pigs are always uniformly inflammatory and 
self-healing. Possibly the horny layer of the guinea pigs, which 
is much thinner, more fragile, and more functionally deficient 
t han that of humans [9], a llows quicker penetration of toxic 
and allergic materials into the skin which elicits inf1ammatory 
changes more effic iently with subsequent desquamation of the 
whole fungus- laden stratum corneum. The fact that, despite 
t he topographic closeness to the prevalent areas such as the 
groin, it is rare for dermatophytosis to occur in the genitalia of 
humans where the horny layer is very th in may also be ex
plained by analogy. 

Contact allergen that permeates through the stratum cor
neum is taken up by t he in t raepidermal antigen-presenting 
cells, i .e. , Langerhans cells, to be presented to T lymphocytes 
for the development of contact sensitivity. Langer hans cells are 
reported to be more efficient in inducing T-cell responses to 
t richophytin than are macrophages [10] . We observed that the 
lesional skin of the non immune animals began to show highly 
inflammatory changes associated with a remarkably elevated 
LI, concurrently with the development of immunoreactivity 8 
days postinfection. Moreover, it is noteworthy t hat even the 
heat-killed spore suspension induces exactly the same rapidly 
developing erythematous response as that produced by the live 
spores in immune animals, reflecting their contact sensitivity 
to t richophytin [2,11]; the subsequent clinical course of such 
les ions is somewhat shorter t han that of the actual infect ion , 

probably because of the lack of fungal growth. These findings 
provide evidence to support the concept that the contact sen 
sitivity to fungal antigens plays an important role in the pro
duction of markedly inflammatory changes as well as the spon
taneous regression noted in dermatophytosis [2,3]. 

Since exudation of serum in the dermatitic lesions takes 
place, ensuing complement activation with resultant leukocyte 
chemotaxis will further augment these changes [4,5]. However, 
it is unlikely that the alternative pathway activation evokable 
even in "virgin" infections plays the role of the initiator of t he 
inf1ammation, since the application of heat- killed spore suspen
sion produced no changes in nonimmune animals. 

In experimental cutaneous candidiasis of guinea pigs, another 
common inf1ammatory superficial fungal infection of t he skin, 
Sohnle and Kirkpatrick [1] observed much higher Lis in t he 
skin of immune animals than in nonimmune animals through
out the time period of infection, which lasted over 10 days in 
both groups. 

It is of interest that the skin that appeared to have already 
recovered from the primary infection still showed acanthotic 
epidermis associated with much higher LI t han that of the 
control skin as well as a moderate inflammatory cell infilt rate 
in the dermis. This is probably due to prolonged local immune 
reactions that persist in the dermis long after eliminat ion of 
the causative fungus from the skin. This may also be related to 
the localized nature of resistance to dermatophyte aggression 
during second-set response [12] . 

In conclusion, both irritan t dermatitis induced by toxic sub
stances derived from dermatophytes, in association with trans
epidermal leukocyte chemotaxis due to complement activation, 
and contact sensitivity reactions to fungal antigens all together 
exert t heir effects to increase epidermopoiesis t hat results in 
rapid elimination of causative organisms from the skin. 
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