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ABSTRACT
Background: Dermatophytosis is a superficial fungal infection found in hot and humid areas particularly in tropical
regions and affects the keratinized regions of the body. It is usually treated with a combination of topical and systemic
antifungal therapy as well as improved hygienic measures. Over the last few decades there has been an increase in the
prevalence of dermatophyte infections which are poorly responding to standard antifungal therapy.
Methods: Modified Whitfield’s ointment is a combination of 5%-5% Salicylic acid and Benzoic acid with an
emulsifying ointment as a vehicle which has both a fungistatic and a keratolytic action. Oral Griseofulvin is a
systemic antifungal agent which is a fungistatic agent. The combination of the above agents is synergistic. A
randomized double blind, within-patient-placebo-controlled trial was designed for the treatment of dermatophytosis
poorly responsive to standard antifungal therapy.
Conclusions: This may shed light on the treatment of dermatophytosis poorly responsive to standard antifungal
therapy.
Trial Registration: This trial is registered with WHO trial registry number (Universal trial number): U111-12358791.
Keywords: Dermatophytosis, Modified Whitfield’s ointment, Griseofulvin, Clinical trial

INTRODUCTION
Dermatophytosis is a superficial fungal infection which
causes of superficial skin infections. They are mould
fungi adapted to parasitize keratin layer of the skin
through the production of proteases and is limited to the
stratum corneum. Dermatophytosis is mostly caused by
Trichophyton, Microsporum and Epidermophyton spp.
transmitted by human, animal or soil contact and occur in
hot and humid climatic conditions.1
Localized disease usually responds to topical therapy. 2
Antiseptic preparations such as Whitfield ointment were

used in the past. Systemic therapy is generally used for
extensive disease and tinea incognito and examples are
griseofulvin, fluconazole, itraconazole and terbinafine.
These drugs reach effective cutaneous levels but prior to
selection of an appropriate agent a number of
considerations are necessary, including culture results
(and perhaps minimal inhibitory concentration (MIC)),
cure rate, cost, complications, drug interactions,
convenience, compliance, and the age, health, and
medical history of the patient.3,4 The use of topical agents
along with systematic therapy have been shown to have
an effect enhancing the action of the antifungals.5
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Last few years have seen the emergence of forms of
dermatophytosis which are difficult to treat despite of use
of multiple topical and systemic therapy.6 This has been
documented predominantly in India. At least 3-4% of
dermatophytosis are now considered to be chronic,
secondary to host factors such as obesity, changes in
patterns of clothing and hygiene, environmental factors
such as global warming, migration of labour, or
pharmacologic factors.6,7 Patients with immunocompromised status, diabetes mellitus, atopy, and intake
of systemic corticosteroids are also predisposed to
chronic dermatophytosis.8
Clinical resistance has been defined as the persistence or
progression of an infection despite in vitro activity
against the organism. Such failures can be attributed to
incorrect diagnosis, immunosuppression, suboptimal dose
or duration of therapy and hygienic practices among
patients are responsible for spread and persistence of the
infection despite of treatment.9 A successful clinical
response depends on the susceptibility of the pathogenic
organism, the host immune system, drug penetration and
distribution, patient compliance, and absence of a
protected or persistent focus of infection.8 In
vivo resistance is also correlated with antifungal misuse
because patients often fail to complete the full course of
treatment. Thus, the inadequate use or dosage of drugs
contributes to the failure in eliminating the disease agent
completely, encouraging growth of the most resistant
strains, which may lead to hard-to-treat fungal
infections.10
Some predisposing factors particularly relevant to India
which may also be applicable to Sri Lanka are wide overthe-counter (OTC) availability and rampant use of topical
steroid and antifungal combinations by the patients
themselves or unrestricted prescription of these products
by quacks and general practitioners.11,12 The above has
led to altered cell mediated immunity in the skin and
alteration in the morphological patterns of the infection
making diagnosis a challenge.13
Clinical Trichophyton rubrum strain has been found to
exhibit primary resistance to terbinafine.14 An amino acid
substitution has been linked to primary resistance
observed among patients.15
Benzoic acid and Salicylic acid ointment known as
modified Whitfield’s ointment combines the fungistatic
action of benzoate with the keratolytic action of
salicylate. The traditional half strength formulation
contains Benzoic acid and Salicylic acid in a ratio 2:1
(usually 6%:3%). Benzoic acid is a fungistatic agent,
hence eradication of the infection occurs only after the
infected stratum corneum is shed, and continuous
medication is required for weeks to months. Salicylic
acid is rapidly absorbed by the skin and causes the
keratinocytes to swell, soften and desquamate. It causes
mild irritation at the site of application.16

Griseofulvin inhibits microtubule function and hence
disrupts assembly of the mitotic spindle. It is given via
the oral route and peak concentration of the drug is
reached within 4 hours with variable blood levels and is
detectable in the stratum corneum of the skin in 4-8
hours. Absorption may be enhanced by giving it with a
fatty meal. The unwanted side effects of treatment
include headache, nausea, vomiting, diarrhoea, dry mouth
and hepatotoxicity. Griseofulvin is categorized as a class
C (a probable but rare cause of clinically apparent liver
injury) drug in terms of liver injury. It may cause mild
elevation of transaminases but is usually asymptomatic
and resolve even with continuation of medication. The
documented incidence of acute severe liver injury is less
than 1% and does not warrant routine assessment of liver
enzymes.16,17
There are few trials evaluating the standard and modified
preparations of the Whitfield ointment which is still a
widely used treatment in many parts of the world.
Although there is widespread, global availability of many
of the interventions, in reality many people, particularly
in resource-poor countries, may only have access to older
treatments such as Whitﬁeld’s ointment or even
Castellani’s paint.
Benzoic acid is an irritant to the skin and most patients
find it difficult to tolerate high percentages of benzoic
acid, especially in hot humid climates and hence the
adherence to treatment is poor. Low percentages of
salicylic acid do not remove the stratum corneum
adequately and therefore, drug penetration to deeper
layers of the epidermis may not happen adequately.
Taking these factors into consideration, World Health
Organization (WHO) in its publication Dermatological
preparations for the Tropics has suggested a modified
Whitfield ointment with 5% benzoic acid and 5%
salicylic acid for tropical countries.18
Hence it is possible to combine the keratolytic effect of
Salicylic acid and the fungistatic properties of both
benzoic acid and oral griseofulvin and exploit their
synergistic action to successfully treat treatment resistant
dermatophytosis.
There is a rising incidence of dermatophytosis poorly
responsive to standard antifungal therapy documented in
Asian countries which are developing nations often
relying on underfunded public health systems. Hence
there is a need for cost-effective treatment options to curb
the challenge of poorly resolving forms of
dermatophytosis. The possible approaches are the use of
combined systemic antifungals and modified versions of
previously used treatments such as Whitfield ointment.
Oral griseofulvin is an accepted and time tested systemic
fungal used in the treatment of dermatophytosis. The
dose required in 2.3 mg/kg hence a dose of 500-1000 mg
for an adult. Due to the mechanism of action griseofulvin
needs to be given over a long period for the treatment to
be effective. Modified Whitfield’s ointment is a
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fungistatic agent composed of salicylic acid, benzoic acid
and emulsifying ointment. Salicylic acid has a keratolytic
action which enhances the systemic drug penetration and
cutaneous drug levels of oral griseofulvin hence enabling
effective and persistent levels of the drug.1

Whitfield’s ointment with oral griseofulvin given over a
period of 8 weeks is effective in the treatment of poorly
resolving forms of dermatophytosis due to the synergistic
nature of the two treatments.
METHODS

There is a scarcity of studies on dermatophytosis poorly
responsive to standard antifungal therapy which is
increasingly becoming a challenge in clinical practice.
Since most of these patients have failed to respond to
conventional systemic antifungals, we intend to evaluate
the effectiveness of the combination of oral griseofulvin
and topical modified Whitfield’s ointment in
dermatophytosis poorly responsive to standard antifungal
therapy.
Objectives will be to assess the effectiveness and safety
of topical modified Whitfield’s ointment applied twice
daily along with oral griseofulvin 500 mg daily in adults
with dermatophytosis poorly responding to standard
antifungal therapy. Thus, we hypothesize that modified

Trial design
The study will be conducted as a randomized double
blind, within-patient-placebo-controlled trial. All will be
part of both treatment arms. The response as well as the
rate of healing is dependent on a myriad of factors
ranging from immunogenic factors, hygienic practices
and environmental factors. Any patient-related factors
that may have determined the outcome of the treatment
will be controlled by the within-patient design. This
protocol was designed complying with the Consolidated
Standards of Reporting Trials (CONSORT) statement.
Figure 1 provides an overview of the study as a
CONSORT trial flow chart.

Figure 1: CONSORT flow diagram for the trial.
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Participants
The participants will be males or females aged more than
18 years who will provide informed written consent, with
clinically confirmed dermatophytosis, poorly responsive
to standard antifungal therapy (dermatophytosis for a
duration of 3 months or more which has been treated with
2 or more systemic antifungals) and with the presence of
two or more skin lesions caused by dermatophytosis.
The following categories of patients will be excluded
from the study: patients who did not give consent,
patients with contraindications for griseofulvin such as
chronic liver disease, acute porphyria, recent
exacerbation of systemic lupus erythematosus, patients
who have a history of adverse reactions to the ingredients
of the modified Whitfield’s ointment, pregnancy
(excluded by the last menstrual period, if unsure of the
dates, treatment was commenced after the next menstrual
period), a male patients who wanted to father a child
within the next 6 months, women who were breast
feeding, patients with lesions involving the nails and
scalp and patients with mental disorders who are unlikely
to adhere to the instructions and treatment procedure of
the study.
The patients will be recruited from the outpatient
dermatology
clinic
“Skin
Center”,
Sirimavo
Bandaranayake Mawatha, Kandy, Sri Lanka. The study
will be conducted at the Department of Pharmacology,
Faculty of Medicine University of Peradeniya, Sri Lanka.
The patients will be enrolled for duration of 22 months.
Interventions
All patients will be screened based on the eligibility
criteria. Past medical history/medication history will be
reviewed. The patients who fulfil the criteria were
selected and informed written consent was obtained by a
medically qualified co-investigator who was not involved
in the routine medical care of the patient. Consent will be
sought and documented by explaining the nature of the
study, probable risks, benefits and the follow up visits
that would be needed to be carried out. Demographic
data, prior treatment history for dermatophytosis,
comorbidities and concomitant medications will be
documented. If the patients will be able to be followed up
for duration of 8 weeks and attend regular fortnightly
reviews, they were recruited to the study. Patients were
informed to continue any medications that they may have
taken previously and attend any clinics they may have
attended previously. At the initial visit symptoms based
on visual analogue score (VAS) and examination findings
(the examination was carried out by the principal
investigator (PI) who was a consultant dermatologist and
findings documented in accordance with the 4-point
Lickert scale (absent, mild, moderate, severe)). Lesions
will be documented on a diagram of the data collection
sheet and traced on to tracing paper and the area of the
lesion calculated by the grid method.

Based on the location and the number of lesions, they
will be randomized into two groups based on a flip of a
coin. Skin scrapings will be taken for direct microscopy
from both groups of lesions.
The allocation of the lesions to the two arms will be
documented on a paper with a human figure and placed
within an envelope which contained the trial number,
name and address. The envelopes were placed under lock
and key. The envelopes will be opened at each
subsequent visit only by the pharmacist and a single coinvestigator before dispensing the treatment as they will
be responsible for dispensing the treatment.
Lesions in one group will receive the modified
Whitfield’s ointment whereas the lesions on the other
group received the emulsifying ointment without any
active ingredients.
All patients will be dispensed oral griseofulvin 500mg
which is a drug dispensed as a tablet. The griseofulvin
will be purchased in bulk and the quantity required for
two weeks (14 tablets) duration was dispensed to the
patients.
Benzoic acid, salicylic acid and components of the
emulsifying base: emulsifying wax, white soft paraffin
and liquid paraffin are all elemental compounds. The
above compounds will be procured from and the
modified Whitfield’s ointment will be prepared by a
qualified pharmacist at the department of Pharmacology.
The emulsifying ointment will be prepared with 50%
white soft paraffin, 30% emulsifying wax and 20% liquid
paraffin. White soft paraffin, liquid paraffin and
emulsifying wax will be placed within an evaporative
dish and melted to together in a water bath at 60° C. The
ointment will be made according to the recommendations
of WHO’s “Dermatological Preparations of the Tropics”
and the formula stated in the electronic medicines’
compendium. Benzoic acid and salicylic acid will be
added to the prepared emulsifying ointment to make the
modified whitfield ointment (benzoic acid-5%, salicylic
acid-5%) as stated in WHO’s “Dermatological
Preparations of the Tropics”. Fifty grams of the modified
Whitfield’s ointment and the emulsifying ointment will
be placed within standard plastic containers by the
pharmacist. The containers were labelled with
“instructions for external use only, apply twice daily,
keep away from children, store in a cool dry place, with
the date of manufacture and expiration”. The modified
Whitfield’s ointment has a shelf life of approximately 3
months. The emulsifying ointment has a shelf life of 2
years.
All patients received oral griseofulvin 500 mg at night
and be advised to take the drug with a glass of milk or a
fatty meal. The patients needed to apply the ointments
twice daily. The patients were provided with two wooden
spatulas for the two ointments. They were asked to take
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the required amount of the ointment with a wooden
spatula, get it onto the palm of the hand, and apply it on
to the lesions by using a fingertip until an adequate layer
is present to cover the lesions and to include 1 cm outside
the active edge of the lesion.
The patients will be asked not to re-insert the left-over
ointment to the container and wash the spatula before
applying ointment the next time. All patients will be
given a demonstration on the method of application of
treatment and a leaflet on how to apply the medication to
ensure uniformity of application of the two medications
and the importance of maintaining proper hygiene. A
demonstration of how to apply the ointment will be done
at each visit.

severe) will be carried out. Lesions will be documented in
a diagram of the data collection sheet and traced on to
tracing paper and the area of the lesion calculated by the
grid method. Skin scrapings will be taken for direct
microscopy from both groups of lesions. Any adverse
events and adherence to treatment will be documented.
The lesions will be documented on a diagram and a copy
given to the patients to ensure that the appropriate
treatment was carried out on the appropriate group of
lesions. Immediately prior to assessment of the lesions
the above-mentioned copy will be given to the pharmacist
to prevent bias during the assessment of the lesions.
Outcomes

If the lesion was located at a site that is not reachable to
the patient’s hand (e.g., lesions on the back) the ointment
was applied by another person. A patient diagnosed of
having dermatophyte infections on the flexural surfaces
will be asked to apply a thin layer of the Whitfield’s
ointment and the emulsifying ointment on the respective
groups of lesions to minimize irritation. However, if the
patient found the ointment to be irritating, a ZnO paste
will be dispensed to the patient and requested to apply it
over the fold which would act as a barrier. The ointments
will applied away from the layer of ZnO. The area of the
lesion covered by ZnO was deducted from the surface
area of the lesion during the assessment.

The primary outcome measures will be clinical
assessment of each lesion: symptoms and overall
improvement based on VAS, examination findings (The
examination will be carried out by the PI and findings
documented in accordance with the 4-point Lickert scale)
and assessment of each lesion by calculating the surface
area of the lesions by the tracing paper and grid method.
The secondary outcome measures will be mycological
assessment by direct microscopy of skin scrapings of the
two groups of lesions (KOH-20%+Parker’s Indian ink)
and adverse events. To minimize errors in measurement
all co-investigators will be trained in the assessment of
the lesion prior to the commencement of study by the PI.

Containers of emulsifying ointment and modified
Whitfield’s ointment will be stored in a cool dry place in
the Department of Pharmacology. The extra chemicals
will be stored within the laboratory at the Department of
Pharmacology. The drugs were stored in the Department
of Pharmacology in a cool dry place and the patients were
informed of keeping the drugs in a cool dry place in their
homes away from children.

Sample size

Patients will be instructed to bring all left-over
medication to the clinic at each visit. The investigator
will be responsible for the assessment of patient
compliance by inquiring from the patient as to whether
he/she has administered the medication according to the
instructions given, counting the number of tablets of
griseofulvin left and checking the left-over ointment in
the container. The adherence to treatment will be
documented on the data collection sheet. Patients will be
given a chart to complete each time they apply ointments
and take griseofulvin tablets. This chart will be reviewed
at each follow up visit. All patients will be
encouraged/counselled on the importance of adherence to
instructions during each visit.

(

Each patient will be followed up every 2 weeks for a
duration of 8 weeks which will be a total of 4 follow-up
visits. At each subsequent visit symptoms based on VAS
and examination findings (the examination will be carried
out by the PI and findings documented in accordance
with the 4-point Lickert scale (absent, mild, moderate,

In sample size calculation the alpha value will be taken to
be 0.05, beta value taken to be 0.05, with an effects size
for the existing systemic treatment of poorly resolving
dermatophytosis of 0.40.19,20 The postulated cure rate
with the new treatment was taken to be 0.70. Hence a
sample size of 65 was calculated.
)
(

where P1=40, P2=70, (

(

)

(

)

)
)

so N=65.

Considering a dropout rate/withdrawal rate of 20% the
total sample size was calculated to be 78 and rounded to a
value of 80. Data will be analysed at the end of the study.
The data from patients who have withdrawn from the
study will not be analysed.
Randomization
Sequence generation
The body will arbitrarily be divided into two parts as
right and left as shown in Figure 2. A coin will be tossed
and the lesions will be randomized to the two sides. If it
as “Heads” the modified Whitfield’s ointment will be
applied to the right side of the body whereas the
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emulsifying ointment will be applied to the left side of
the body. If it is “Tails” the emulsifying ointment was
applied to the right side of the body whereas the modified
Whitfield’s Ointment was applied to the left side of the
body.

If the lesions were located unilaterally in the upper and
lower limbs and torso, the body was divided into upper
and lower two parts by a line passing through the
umbilicus as shown in Figure 4. The lesions were divided
as upper and lower and a coin was tossed. If it is
“Heads”, the modified Whitfield’s ointment was applied
to the upper half of the body whereas the emulsifying
ointment was applied to the lower half of the body. If it is
“Tails” the emulsifying ointment was applied to the upper
half of the body whereas the modified Whitfield’s
ointment was applied to the lower half of the body.

Figure 2: Randomization of lesions if the lesions are
situated bilaterally.

Figure 4: Randomization of lesions if the lesions are
located unilaterally.
Allocation concealment mechanism

Figure 3: Randomization of lesions if the lesions are
confined to a single extremity.
If the lesions are confined to a single extremity it was
divided into two parts as proximal and distal as shown in
Figure 3. A coin was tossed. If it is “Heads” the modified
Whitfield’s ointment was applied to the lesions on the
proximal part whereas the emulsifying ointment was
applied to the distal part of the body. If it is “Tails” the
emulsifying ointment was applied to the lesions on the
proximal part whereas the modified Whitfield’s ointment
was applied to the lesions on the distal part of the body.

Fifty grams each of modified Whitfield’s ointment and
emulsifying ointment was placed within identical
containers by the pharmacist. The ointments were
prepared in batches and each ointment would contain a
batch number. A random letter sequence generator was
used to generate 3 pairs of letters at the beginning of the
manufacturing of the ointments. These letters were
assigned to the ointments. The above code was unknown
to the Clinician and the assessor. The random Letter
Sequence Generator will be used to generate a sequence
of letters for example as “G - M” (Combination 1), “J O” (Combination 2) and “Y - N” (Combination 3). The
ointments were prepared in batches and each ointment
contained a batch number. Each batch was comprised of
1 kg of modified Whitfield’s ointment and 1 kg of
emulsifying ointment and will be prepared every two
weeks approximately. The modified Whitfield’s ointment
(the first letter of the combination) was placed in
containers marked “G”, “J” and “Y”. The emulsifying
ointment (the second letter of the combination) was
placed in containers marked “M”, “O” and “N”. A
random number generator will be used to generate a
sequence of numbers containing 100 numbers and 3
columns for the 3 combinations of treatments. The order
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in which the treatment was dispensed was based on the
above sequence that was generated.
Implementation
The random sequence will be generated by the trial coordinator. The allocation of the lesions to the two arms
will be documented on a paper with a human figure and
placed within an envelope which contained the trial
number, name and address. The envelopes were placed
under lock and key. The envelopes were opened at each
subsequent visit only by the pharmacist before dispensing
the treatment. A record of the above allocation along with
the batch number was maintained by the trial pharmacist
and a co-investigator who was to act as the trial coordinator were aware of the allocation in each patient.
Blinding
The clinician as well as the assessor will be blind to the
allocation of the groups of lesions.
Statistical methods
The primary end point of the study will be complete
clinical clearance of the lesions. The area of the lesions
will be measured during each visit. A factorial study
design will be carried out with a 2 × 2 ANOVA repeated
measures. Mycological clearance will be documented and
assessed by a chi-square test. A descriptive analysis of
the clinical features and adverse events encountered by
the patients will be carried out.
DISCUSSION
This article represents a protocol of a study to assess the
treatment of resistant forms of dermatophytosis which
will be conducted as a randomized double blind, withinpatient-placebo-controlled trial. Chronic dermatophytosis
is a common condition in Asia contributed for by the
climatic conditions, hygienic practices and the treatment
patterns.
Griseofulvin (1000 mg/day) compared with ketoconazole
(200 mg/day), both for 4 weeks of treatment, and no
difference in cure rates was seen. The trial had a total of
29 participants and hence inadequately powered.21 Two
small trials compared griseofulvin (500 mg/day) with
terbinaﬁne (250 mg/day) for either 4 or 6weeks. Both
trials showed that terbinaﬁne had statistically
signiﬁcantly better cure rates, 100% and 86%, whereas
griseofulvin achieved 50% and 33%.22 A comparison of
oral ketoconazole and griseofulvin revealed an almost
equal percentage, 75% and 74% respectively of
improvement though there was a species-based variation
of the response to treatment.23
Antifungal susceptibility testing showed high MIC values
obtained for Trichophyton spp. and 50% of the other
species for terbinafine and griseofulvin.24 Brazilian

studies have revealed resistance of many strains to
griseofulvin but in vitro antifungal susceptibility of
dermatophytosis for the griseofulvin and terbinafine
combination.24,25
Within patient studies though largely uncommon has
been documented in the field of Dermatology due to the
superficial nature of the lesions as well as the use of
topical treatment which are often unlikely to have a
systemic effect. A randomized, double-blind, activecontrolled within patient design was used to compare the
effectiveness of Fenticonazole (2%) cream b.i.d. for up to
maximum of 4 weeks versus clotrimazole (1%) cream
b.i.d. for up to a maximum of 4 weeks. Patients with
bilateral symmetrical lesions were included in the study
and assessed with both clinical and mycological outcome
measures. Further assessment of the number of the
lesions was carried out and treatment given and the
percentage cure rate for the lesions was calculated.26,27
The small randomized control trial (RCT) trial of
Whitﬁeld’s ointment and Variotin applied for eight weeks
only included ten people with athlete’s foot and it is
therefore unsurprising that the trialists failed to detect
differences between these two compounds.28 Combining
salicylic acid with nitrite produces greater effectiveness
than that of salicylic acid alone.29
Whitﬁeld’s ointment versus clotrimazole (1%) cream
each applied three times a day. Based on a negative
culture after two weeks, the standard Whitﬁeld’s
ointment was less effective than clotrimazole (6/28
compared to 16/27 p=0.01). The standard Whitﬁeld’s
ointment was less effective than clotrimazole after two
weeks with 14/28 of participants judged as marked
improvement’ to ’healed’ compared with 21/27
participants (p=0.04). No adverse effects were reported.30
Based on a negative culture after two weeks, Whitﬁeld’s
ointment was less effective than tolnaftate in achieving
mycological cure, with 6/28 cured compared to 12/19
(p=0.007).31
The combination of oral griseofulvin which is a time
tested and cost effective drug for the treatment of
dermatophytosis along with a modified form of
Whitfield’s ointment which is a keratolytic along with the
uniformity in the administration of treatment and advices
on appropriate hygienic practices may be a suitable mode
of therapy for the treatment of patients with
dermatophytosis poorly responsive to standard therapy.
CONCLUSIONS
This may shed light on the treatment of dermatophytosis
poorly responsive to standard antifungal therapy.
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