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ABSTRACT: Scanning electron microscopy (SEM) and trans-
mission electron microscopy (TFM) have been performed on
skin material of patients with pityriasis versicolor who were
orally treated with itraconazole. Before as well as after ther-
apy, variously sized spherical structures were observed on the
surface of the keratinocytes with SEM. TEM examination re-
vealed Pityrosporum ovale, predominantly in its mycelial
phase, inside keratinocytes. The spherules as observed by
SEM appeared to be amorphous, lipid-like droplets originat-
ing from the inside of the keratinocytes. The cytoplasm of the
keratinocytes was at least partly occupied by the same amor-
phous material. It is therefore suggested that P. ovale pene-
trates the keratinocyte where degradation of the normal ker-
atinous content to amorphous material takes place. This
newly formed Upidic substrate may be an essential nutritive
factor. The lipidified state ofthe stratum corneum persisted for
at least 3 weeks after eradication of the fungus by itracona-
zole. It is speculated that the presence of large quantities of
tbis lipid-like material might be the cause of hypopigmenta-
tion because it may constitute an ultraviolet light block.

While investigating the effects of itraconazoie in
patients suffering from pityriasis versicoior,

we came across some peculiar ultrastructurai aspects,
hitherto not reported, that might shed additionai light
on the pathogenicity of Pityrosporum ovale in human
skin.

The underiying cause(s) of the yeast to myceiiai
transition and the concurrent changes of the stratum
corneum in pityriasis versicoior are poorly understood
at present.'"^ The observations of the present study
deal with the transformation of P. ovale yeast to my-
ceiiai phase, the source of essentiai nutritive factors to
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promote mycelial growth, and the possibie iiaison be-
tween the changes in structure of the stratum cor-
neum and the iocai hypopigmentation ofthe infected
areas.

Materials and Methods

Twenty patients with ciinicai symptoms of pityriasis versi-
color and positive Wood's light examination, positive KOH
examination, and a p(jsitive culture for P. ovale were in-
ciuded in the study. Each patient received 100 mg itracona-
zoie twice daiiy for 5 consecutive days. Before the start, at
the end of therapy, and 3 weeks after the end of treatment,
si<in scrapings were tai<en for electron microscopic examina-
tion. These skin scrapings were immediately fixed at room
temperature in 3"/o glutaraldehyde buffered to pH 7.4 with
0.1 M sodium cacofJyIate for at ieast 2 weeks and riiised in
the 5ame buffer supplemented with 0.22 M sucrose. Sam-
pies were postfixed in 2% OSO4 buffered to pH 7,4 with
0.05 M veronal acetate at 4 C for 1 hour. iHereafter, the
sampies were rinsed in the same buffer and dehydrated in
graded series of ethanoi. At this point, the samples were
divided. One part was routineiy embedded in Epon (Ladd
Research industries, Burlington, VT) for TEM. The other part
for SEM was passed through a gradient of ethanoi-acetone
mixtures to 100"/o acetone, criticai point dried, and covered
with a thin iayer of goid before examination in a Philips
(Eyndhouen, The Netherlands) SEM 500 microscope. Ui-
trathin sections for TEM were counterstained with uranium
acetate and iead citrate before examination in a Philips EM
300 microscope.

Semithick sections fO.25-2Mm} of the same materiai were
prepared for light microscopic identification of abnormai
substances as observed in the electron microscope. Differ-
ential stains such as periodic acid-Schiff (PAS), Sudan black
B, oii red O, and trichrome were appiied for this identifica-
tion.

Results

Myceiiai and yeast elements of P. ovale were abun-
dantly present in all pretreatment samples. The pres-
ence of P. ovale, especially mycelial eiements, inside
keratinocytes was reguiariy observed in the transmis-
sion electron microscope (Fig. 1).
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FtG. 1. Transmission electron microscopy of srratum corneum of a patient with pilyriasis versicolor before itraconazole treatment, Povale
in its mycelial phase is seen inside a keratinot yte. Note that the normal tonofilament content is largely replaced by amorphous material
(asterisks) (X14,300). Inset: Semithick light microscopic section stained with Sudan black B. The areas surrounding P, ovale cells (arrows) are
stained, suggesting the lipidic nature ot ihe material. (XI 700)

Ititerestingly, the keratinous content of such in-
vaded cells has been replaced by amorphous, moder-
ately electron-dense material the nature of which
might be lipidic (see below}. Material of the same
structural composition was abundantly present in be-
tween the keratinocyte layers, most often in the fortn
of variously sized spheres (Fig. 2).

In whole-mount preparations of skin scrapings for
SEM, the extracellular lipid-like material was recog-
nized as smooth surface spheres attached to keratin-
ocytes and tungal elements (Fig. 2, inset). These
spheres unambigously originate from broken-down
keratinocytes.

In order to determine the nature of the altered con-
tent of the keratinocyte and of the extracellular
spheres, semithick sections were stained with tolui-
dine blue, a polychrome stain, PAS, Sudan black B,
and oil red O. The material stained only with the two
latter stains, which is indicative of a lipidic nature (Fig.
1, inset}.

At the end of itraconazole treatment, when the
number of fungal structures decreased and most of

them looked necrotic, the lipidification of the kerati-
nocytes remained identical. Lipid-like droplets be-
tween the keratinocytes did not vary in appearance
and amount after itraconazoie treatment. The same
held true three weeks after the end of treatment when
fungal elements were lacking in almost all samples.

Discussion

This study demonstrates that in pityriasis versicolor
the cells of the stratum corneum become invaded by
P, ovale. thereby confirming previously published ul-
trastructural studies.'^*" The predominant, possibly
exclusive, form of the invading fungus is the hyphal
form. This observation correlates the findings with
other yeasts such as Car^dida albicans, ior which the
hyphal form has been recognized as being invasive.''-^
Along with the presence of hyphal elements inside the
ceils, the keratinous content of such cells largely
changes into amorphous material. Histochemical dif-
ferential staining with Sudan black B and oil red O
suggests a lipidic nature. Huge amounts of similar-
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Fic. 2, Same as previous figure, showing the abundance of extracellular lipid-like spherules of various sizes (asterisks) {X14,600). Inset:
Scanning electron microscopy of the same preparalion showing multiple spherules attached to keratinocytes (asterisk) and to P- ovale
mycelium (arrowhead). (XI 725)

looking material are found in between keratinocytes.
Its keratinocyte origin is suggested by the existence of
frequent membrane ruptures in hugely swollen kera-
tinocytes and the ultrastructural similarities of the
amorphous material in both intracellular and extracel-
lular compartments. It is therefore most likely that the
extracellular lipid-iike spherules ensue passively after
membrane disruption and do not form after the mate-
rial is actively expelled from keratinocytes.

The reason why lipidification has not been de-
scribed in previous publications dealing with ultra-
structural changes in pityriasis versicolor is not clear.
One possible explanation is that in our study the long
duration of fixation (2 weeks} protects the "lipid-like"
material from solubilization during the subsequent
preparatory steps for electron microscopy.

Destruction of tonofilaments in keratinocytes in-
vaded by P. ovale has been reported earlier,^ but re-
placement by huge quantities of "lipidic" material as
seen in our study has not been mentioned before. The
exact nature of this material needs to be determined.
It can be speculated that essential nutritive material

for P. ovale is formed through the degradation of host
material by fungal enzymes. An extracellular site of
lipase activity in P. ovale has been demonstrated pre-
viously.^ Although in line with the well-known de-
pendency for lipids to support in vitro growth of P.
ova/e,^"" the role of lipids for the in vivo growth initia-
tion and maintenance of P, ovate in the stratum cor-
neum is controversial.^ Our observation lends support
to the hypothesis that lipids produced under the influ-
ence of P, ovate are essential to the development and
maintenance of this lipophilic yeast in the stratum
corneum.

Another speculative aspect worthy of further docu-
mentation concerns the role of the lipid-like material
in the hypopigmentation reaction. It has been sug-
gested previously that the fungus may filter ultraviolet
(UV} light and prevent tanning of the infected area'^;
however, this hypothesis is debatable." Other
theories currently withheld to explain hypopigtnenta-
tion deal with impaired melanosome formation and/
or transfer to keratinocytes.""'^ Having observed the
massive lipidification ofthe stratum corneum in all the
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present cases, we may speculate that the hypochro-
mic reaction is related to filtering UV light by such a
"lipid" screen. It is clear that in fungal infections other
than those caused by P. ovale a "lipidification" of the
stratum corneum has never been described.

Itraconazoie, although demonstrating a clear-cut
antifungal effect, as shown before,"' does not influ-
ence the lipidification process of the host celis. This is
consistent with the observation that hypopigmenta-
tion persists for 3-4 weeks after disappearance of via-
ble fungi from the skin because it takes about 4 weeks
for normal epidermal regeneration.

Current work is devoted to the further biochemical
and histochemical characterization ofthe "lipid-iike"
material in terms of its role as an essential nutritive
factor in the induction of hyphai growth and its possi-
ble roie in the hypopigmentation reaction.
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Rabies

Rabies is a highiy fatai infectious disease caused by a neurotropic virus that affects all species of
warm-blooded animals including humans. Infection with rabies virus occurs most commonly
when infected saliva is introduced into an open wound or abrasion of either the skin or mucuous
membrane, usually by the bite of a rabid animal. There are, however, instances in which rabies
virus has been transmitted through non-bite routes. After gaining entry, the virus spreads through
the neural pathways of the host without stimulating effective host defence mechanisms. The
pathogenicity in man is probably reiated to the spread of the virus centripetaiiy to the central
nervous system, aiong the peripheral nerves. Following the infection of centrai nervous system
the virus may multiply in tissues such as the saiivary glands, kidneys, brown fat, and in some
species, in muscles and iungs. However, the virus is primariiy found in the nerves. The incubation
period of rabies varies frotn ten days to several months in man.

The naturai history of human rabies tnay be divided into five stages: incubation period, pro-
dromal phase, acute neuroiogic phase, coma, and death. The usuai duration of tbe disease in
animals and man is 2-6 days, sometimes longer; the shortest recorded clinicai course was iess
than 24 hours. Rabid animals usuaily show a change in behavior, with excitability or paralysis,
foiiowed by death. The post-exposure ciinicai picture in humans is of no vaiue for the diagnosis
and treatment of this disease. The only practical way of diagnosing the disease in human beings
before the appearance of symptoms is, by retrospectively analysing the source of exposure. In the
case of nonprovoked dog bite exposure, the dog is cioseiy watched and if it dies within 10 days,
postexposure treatment is immediateiy begun.—Khan MA. Diesch SL, Goyal SM. Current status of
rabies. Int } Zoon 1986; 13:215-229.






