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A prospective, non-randomized, open clinical trial was conducted to determine the efficacy of
itraconazole for treatment of Microsporum ferrugineum tinea capitis. Itraconazole capsules were given every
day in continuous group and every day for 1 week on and 3-week off in pulse therapy group. Concomitant
topical therapy with 2% ketoconazole shampoo was used daily. Clinical evaluation consisted of assessing the
degree of hair loss, scaling, erythema, pustule, and crust. In both groups, the treatment was stopped when the
clinical signs of inflammation had resolved and the mycological examination had become negative or at week
12. There were 81 patients consisted of 49 boys and 32 girls enrolled and average dose of itraconazole was 4.5
mg/kg/day. During the 16-week study period (with 4-week follow-up visit) the overall clinical severity score
decreased every visit (p < 0.001). The improvement of the scores showed no statistical difference between both
groups. The cumulative cure rate using combined clinical and mycological cure at week 16 in patients treated
with continuous and pulse regimen was 54.3% (19/35) and 37.0% (17/46), respectively. The cumulative per-
centage of all cure rates including clinical cure, mycological cure and combined clinical and mycological cure
of the continuous group was significantly higher than in the pulse therapy group (p < 0.001). The superior
efficacy of the continuous therapy group was observed after week 8. The cumulative cure rate increased with
the longer treatment duration but decreased with the larger infected area involvement (p = 0.001). All patients
who were not cured showed improvement. There was no significant adverse effect. The higher dosage or the
longer treatment duration of itraconazole may be required for treatment of tinea capitis from M. ferrugineum
to achieve more cure rate.
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Tinea capitis is a dermatophytic infection of
the scalp and hair with involvement of the hair shaft
and pilosebaceous unit that primarily affects preado-
lescent children. It is endemic in many developing coun-
tries and often associated with crowded living condi-
tions(1-5). Systemic treatment is required to eradicate
the infection. Until now griseofulvin has been the main-
stay of therapy for tinea capitis(6-11). However, treat-
ment failure is not uncommon; in those who improve,
infection often clears slowly, occasionally requiring

several months for complete resolution. Many studies
have shown the efficacy and safety of newer oral anti-
fungal agents, including itraconazole, terbinafine and
fluconazole in the treatment of tinea capitis(3,7-10,12).

The aim of this study was to evaluate the
effectiveness of itraconazole both continuous and pulse
therapy in the treatment of children with tinea capitis
caused by Microsporum (M.) ferrugineum.

Material and Method
A prospective, non-randomized, open clinical

trial was conducted at the Pak-Kred Home for Mentally
and Physically Handicapped Children. The planned
treatment schedule was discussed with and approved
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by the Director of the Institute. All children and
caregivers in the Institute were screened for tinea
capitis.

Inclusion criteria were children having clini-
cal evidence of tinea capitis with a mycological (light
microscopy and culture) confirmation diagnosis of the
disease caused by M. ferrugineum. Exclusion criteria
included: (1) a history of allergy to an azoles; (2) use of
oral antifungal within 8 weeks or use of topical antifun-
gal within 4 weeks before the commencement of
itraconazole; (3) concurrent therapy with medications
known to have an interaction with itraconazole; and (4)
a history of abnormal liver or renal function tests.

The patients were placed on itraconazole
capsule therapy according to their body weight. The
capsules of 100 mg were manufactured by Janssen-
Cilag; 25 mg and 50 mg capsules were prepared by
the hospital pharmacist. Caregivers were instructed to
administer the medication with or after meal. For very
young  patients who were unable to swallow the
capsule caregivers were advised to open the capsule
and mix the beads and contents with medium chain
triglyceride oil to ensure maximum bioavailability.
To prevent any confusion in giving the medication,
the patients in the same buildings were treated with
the same regimen. Itraconazole capsules were given
every day in continuous group until clinical signs of
inflammation had resolved and mycological examina-
tions had become negative. The pulse therapy regimen
involved itraconazole taken once daily with each pulse
lasting 1 week and separated by a 3-week period
without drug. The decision of whether to administer
another pulse was determined by the clinical appear-
ance of the scalp and previous mycological outcome
at the time when the next pulse was due. The treat-
ment was stopped at week 12 in both groups. Con-
comitant topical therapy with 2% ketoconazole sham-
poo was used daily during the course of the study.

Clinical evaluation consisted of assessing the
degree of hair loss, scaling, erythema, pustule, and crust
in the affected sites. Each feature was evaluated on a

4-point scale: absent (0), mild (1), moderate (2), or
severe (3). The overall surface area of the tinea capitis
was recorded. All patients had mycological assessment
including the Wood s light examination, 10% potas-
sium hydroxide (KOH) examination and fungal cul-
ture. The scalp material consisted of epilated hair
stumps, skin scrapings and scales from the infected
sites. All specimens were processed by the hospital s
mycology laboratory. The light microscopic examina-
tion was performed after treatment of the specimen
with KOH solution. Sabouraud dextrose agar supple-
mented with chloramphenicol, and cycloheximide was
used for cultivation. They were incubated at room
temperature and examined once a week for 4 weeks
before being recorded as negative. The fungal
colonies were identified by colony morphology and
microscopic appearance from the slide culture.

Patients were seen in follow-up visits at the
following time periods; at week 2, 4, 8, 12, and 16
after starting the therapy. At each visit, nurses and
caregivers were asked of questions relating to efficacy,
adverse effects, and compliance. Furthermore,
clinical severity assessment, Wood s light and
mycological examination were performed. An overall
evaluation of the effectiveness of therapy was
evaluated at every visit. The assessment of efficacy
was based on the combined evaluation of the score of
clinical parameter and mycological results. The result
was graded as: (1) complete clinical (absence of
clinical parameters associated with visible regrowth
of scalp hair) and mycological cure (negative KOH
examination and culture); (2) improvement, positive
mycology with significant clinical improvement
(reduction of overall clinical severity score > 50%), or
negative mycology with no clinical improvement;
and (3) failure, remaining positive mycology (either
microscopy or culture) with no clinical improvement.
Other laboratory tests were not obtained during the
course of the study; however they were performed
if symptoms or signs developed to warrant adverse
effects.

   Continuous        Pulse    p

Sex;  Male : Female 22:13 27:19 0.704
Age (months) 68.7 + 22.4 64.9 + 26.9 0.500
Dose (mg/kg/day)   4.5 + 0.9   4.6 + 0.8 0.744
Baseline clinical severity score   3.3 + 1.1   3.2 + 1.1 0.720
> 30% area involvement 26/35 (41.9%) 36/49 (58.1%) 0.676

Table 1. Demographic data of the patients and disease characters
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Statistical analysis
All statistical evaluations were performed

using the Software Package for Social Sciences (SPSS)
for windows (Chicago,IL). Means, standard deviations
and percentages were used as descriptive statistics
where appropriate. Chi-square, Student s t-tests,
repeated measures, Kaplan Meier test and Mann-
Whitney U test were used for statistical analyses
according to the type of data. Statistical significance
was defined by a p value of less than 0.05.

Results
A total of 81 children with M. ferrugineum

tinea capitis were enrolled (49 boys and 32 girls).
Itraconazole continuous and pulse therapy were

administered in 35 and 46 cases, respectively. The
details of sex distribution, age, daily dosage, baseline
severity scores, and area involvement of both groups
are shown in Table 1. There was no statistical differ-
ence in demographic data, baseline parameters, doses
of itraconazole, and extent of the disease between the
subjects of both groups. Scaling and hair loss were the
most common presenting symptoms found in 100% in
both groups. Erythema, crust, and pustule were found
in 16 (45.7%), 4 (11.4%), and 1 (2.9%) in continuous
group and 15 (32.6%), 13 (28.3%), and 0 (0%) in pulse
therapy group. The cumulative percentage of overall
clinical severity score decreased every 4-week visit in
both groups (p < 0.001). There was no statistical
difference between groups in the improvement of

Fig. 1  The improvement of clinical parameter score
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overall clinical severity score and scores of each
parameter. Pustule and crust in all of the patients in
both groups improved at week 2. (Figure 1)

Two cases had positive KOH examination but
negative culture at week 12 and showed negative
result at week 16. In contrast, 1 case had negative KOH
examination but had a positive culture at week 16 but
all showed positive result after repeating the tests.

Wood s light examination showed good association
to the result of both KOH examination and fungal
culture (p = 0.001).

The cumulative cure rate using combined
clinical and mycological cure at 16-week follow up
visit in patients treated with continuous and pulse
regimen was 54.3% (19 of 35) and 37.0% (17 of 46),
respectively. There was no failure of the treatment.
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All patients who were not cured showed some improve-
ment at the end of 16 weeks. In the pulse therapy group,
the numbers of pulse required to produce both clinical
and mycological cure were: one pulse in 1 patient
(2.2%); two pulses in 6 patients (13.0%); three pulses
in 4 patients (8.7%), and four pulses in 6 patients
(13.0%). At the end of the study, the cumulative per-
centage of all cure rates including clinical cure, myco-
logical cure and combined clinical and mycological
cure of the continuous group was significantly higher
than in the pulse therapy group (p = 0.001). The supe-
rior efficacy of the continuous regimen was observed
after week 8. (Figure 2) The cure rate of tinea capitis
in this study had a reverse association with the extent
of infected area (p = 0.001). It decreased with larger
surface area of the scalp being affected. It was not
related to either the baseline severity score (p = 0.44),
or the dosage of itraconazole administered (p = 0.635).
There was no significant adverse effect observed
during the study period.

Discussion
Tinea capitis is one of the most common

dermatophyte infections seen in children caused by a
number of different fungal species of the genera
Trichophyton and Microsporum. It is endemic in
several developing countries. Socioeconomic factors
such as family size, overcrowded living condition, poor

sanitary education, lack of good hygiene, and low
socioeconomic class may predispose to infection(2,13).
The clinical presentation of tinea capitis varies by the
etiologic agent from asymptomatic carrier, non-inflam-
matory alopecia to kerion and favus. M. ferrugineum
causes none or minimal inflammation. Only scaling
and hair loss with mild erythema of the scalp were
observed in most cases in this study.

Because the clinical presentation of tinea
capitis is diverse, a definitive diagnosis cannot be
made based on the clinical appearance of the infection
alone. It is important to confirm the diagnosis usually
by morphological examination and fungal culture
before committing the patient to a course of treatment
that will last for several weeks. Microscopic visual-
ization of infected hair shafts is highly specific and is
the only inexpensive method that immediately
confirms infection. However, it is a time-consuming
and requires an experienced observer and equipment
that is not available in every practitionerûs office(14-18).
Fungal culture yields higher accurate identification
of the organism involved and is therefore the most
reliable means of confirming the diagnosis of tinea
capitis. The results may be positive even when micros-
copy is negative, but may take up to 2-4 weeks to
become available, which may cause a delay in the
management(4,12,19). The culture outcome-dependent
drug administration offers a more reliable estimation

Fig 2. Result of the cumulative percentage of cure rate
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of the fungal status. This is of importance, because
children should never be exposed unnecessarily to
systemic therapy. The Wood s light examination
(filtered ultraviolet light peak of 365 nm) is a simple
bedside test that can detect fluorescent forms of tinea
capitis. The M. ferrugineum infection can be recog-
nized readily by the characteristic bright yellow green
fluorescence under the Wood s light examination(4,20).
It demonstrates a great benefit as the helpful diagnos-
tic tool from its high correlation with KOH examina-
tion and fungal culture if the infection is caused by M.
ferrugineum(21). Two cases revealed positive KOH
direct examination but negative culture reflecting
the possible non-viable filaments from the effect of
antifungal treatment of that sample. In contrast, 1 case
had negative KOH examination but positive culture.
The false-negative interpretations can occur in the
following conditions: early case, inflammatory tinea
capitis, incorrectly obtained sample, insufficient
examination, and finding misinterpretation. Since
its sensitivity is not adequate, the fungal culture is
usually necessary(13,19,22).

The principles of tinea capitis management
consist of oral antifungal therapy, adjunctive therapy,
and strategies to reduce reinfection. Topical antimy-
cotic agents are ineffective as sole therapy for tinea
capitis; therefore an oral antimycotic agent is needed
to penetrate the hair follicles and obtain reasonable
cure rates. Griseofulvin has been the gold standard for
the treatment of tinea capitis since 1958 and is the only
drug approved by the Food and Drug Administration
for the treatment of this disease in children. However,
this treatment has been found to be lengthy and the
response rate in pediatric patients with tinea capitis
appears to be decreasing. Higher dosage and longer
duration of treatment may be required(3-5,16-20,23-27).
Ketoconazole has been compared with griseofulvin for
the treatment of tinea capitis and has been found to be
less effective than griseofulvin. Thus ketoconazole is
generally reserved for patients who do not respond
to griseofulvin despite adequate blood levels, are
allergic to griseofulvin  or develop adverse effects(25,27).

New oral antifungal agents such as
itraconazole, terbinafine, and fluconazole has been dem-
onstrated to be effective and safe in the treatment of
tinea capitis(12,20,28). Itraconazole is a lipophilic and
keratinophilic triazole derivative. After administration
it persists in the stratum corneum and continues to
act after drug discontinuation. In contrast to skin, nail
and hair, the drug in plasma decreases to low levels
over 7-10 days. This pharmacokinetic enables it to be

effectively used as short-term pulse therapy(29-32).
Itraconazole has also been shown to be effective in
treating tinea capitis in both continuous therapy and
pulse therapy. When it is given for tinea capitis, the
recommended dosage is about 3-5 mg/kg/day given
until cure(10,20,28). This study demonstrated that although
the cure rate increased with longer treatment duration,
itraconazole 4.5 mg/kg/day given either continuously
or pulse therapy for the treatment of M. ferrugineum
tinea capitis gave a quite low response rate. The cure
rate often continues to progress for several weeks
after the cessation of treatment. The continuous therapy
gives the greater cumulative cure rate than the pulse
therapy regimen. From the association of the cumalative
cure rate, patients affected with larger infected area at
baseline require treatment for a longer period of time
(p = 0.001). The improvement of clinical parameters
and safety profile did not show any statistical signifi-
cantly difference between both regimens.

The reason for poor response of M.
ferrugineum to itraconazole is unclear. The dose of
itraconazole used in this study may have been
inadequate for the treatment of tinea capitis from M.
ferrugineum. The duration of therapy may not have
been long enough. Many data recommended higher
dosage and longer duration of treatment to achieved
superior cure rates(11,33,34). Our study showed that
itraconazole therapy was safe and well tolerated for the
treatment of tinea capitis. However, if patients require
continuous, higher and longer treatment regimen,
laboratory monitoring may be needed. From our study
at the same Institute in 1996, griseofulvin gave the
84.8% cure rate for tinea capitis mostly (66.7%) from
M. ferrugineum infection after 15-week treatment(21).
Because of its high cost and the lack of evidence
for greater efficacy than griseofulvin in the treatment
of tinea capitis from M. ferrugineum, we currently
cannot recommend routine use of itraconazole for
this indication.

The presence of asymptomatic carrier state
is a major contributor to the persistent prevalence
and difficulty in eradicating the infection from M.
ferrugineum, an anthropophilic dermatophyte, which
is highly infectious. A clean environment free from
fomites and avoidance of  sharing personal items
should be encouraged. Searching for carriers and
recommendation for appropriate treatment should be
undertaken. Medicated antifungal shampoos contain-
ing selenium sulfide, ketoconazole, or povidone sham-
poo should be given daily in patients and household
members(16-19,35).
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Any new therapy for tinea capitis should bring
about rapid clinical and mycological cure without
relapse. The ideal antimycotic medication for children
with tinea capitis should possess the following
characteristics, i.e. , (1) high efficacy, (2) good safety
profile and few drug interactions, (3) short treatment
duration, (4) pleasant-tasting liquid formulation, and
(5) low cost. Relative cost effectiveness of griseoful-
vin compared to alternative treatments suggest that it
may be well suited to treat patients with tinea capitis
in developing countries. Regardless of the therapy
employed, one should perform follow-up clinical and
mycological examination. Treatment should be tailored
for each individual patient according to clinical and
mycological response.
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√«¡∑—ÈßÕ“°“√· ¥ß·≈–°“√µ√«®æ∫‡™◊ÈÕ√“„π°≈ÿà¡∑’Ë√—°…“·∫∫µàÕ‡π◊ËÕß‰¥âº≈¥’°«à“°≈ÿà¡∑’Ë√—°…“·∫∫‡ªìπ™à«ß (p < 0.001)

‚¥¬‡√‘Ë¡‡ÀÁπº≈·µ°µà“ßπ’Èµ—Èß·µà —ª¥“Àå∑’Ë 8 ‡ªìπµâπ‰ª Õ—µ√“°“√À“¬®– Ÿß¡“°¢÷Èπ‡√◊ËÕ¬Ê ‡¡◊ËÕ„Àâ°“√√—°…“π“π¢÷Èπ

·≈–Õ—µ√“°“√À“¬π’È —¡æ—π∏åº°º—π°≈—∫°—∫§«“¡°«â“ß¢Õß√Õ¬‚√§ Àπ—ß»’√…–∑’Ë¡’√Õ¬‚√§°«â“ß®–¡’Õ—µ√“ °“√À“¬πâÕ¬

(p < 0.001) ‰¡àæ∫º≈¢â“ß‡§’¬ß®“°°“√„™â¬“ ‚√§°≈“°∫√‘‡«≥Àπ—ß»’√…–·≈–‡ âπº¡∑’Ë‡°‘¥®“°‡™◊ÈÕ M. ferrugineum π’È

Õ“®®”‡ªìπµâÕß„™â¬“ itraconazole „π¢π“¥∑’Ë Ÿß¢÷ÈπÀ√◊Õ„™â¬“√–¬–π“π¢÷Èπ‡æ◊ËÕ„Àâ‰¥âÕ—µ√“°“√À“¬‡æ‘Ë¡¡“°¢÷Èπ


