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Summary Despite the generally excellent results achieved with fluconazole 150 mg weekly in

recurrent vulvovaginal candidosis (RVVC), some patients with a long history of disease

do not achieve complete resolution of symptoms following antimycotic treatment. It is

thought that use of tight synthetic fabric underwear could be a significant factor in

causing recurrence. We decided to compare underwear made of Dermasilk�, a pure

fibroin fabric impregnated with a permanent antimicrobial protection, with a cotton

placebo to see whether it could be a useful adjunctive tool in the management of RVVC.

We recruited 96 women who had a long-term history of RVVC and had not responded

to oral antimycotics with complete satisfaction. The patients were randomly divided into

two groups and instructed to use either white cotton placebo briefs or Dermasilk� briefs.

Both groups were treated with fluconazole 150 mg once weekly for 6 months. After

6 months, the Dermasilk group showed a statistically significant greater decrease of

itching, burning, erythema and a smaller number of recurrences than the cotton group.

Our work suggests that Dermasilk� briefs could be a useful adjunctive tool in addition to

antimycotic treatment to help relieve the discomfort of recurrent vulvovaginitis.
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Introduction

Recurrent vulvovaginal candidosis (RVVC), defined as

four or more episodes of Candida vaginitis in 1 year,

affects about 5–8% of adult women.1 According to the

literature, the most effective treatment of RVVC is oral

fluconazole 150 mg weekly for at least 6 months during

which no recurrences occur in about 90% of cases.2

Despite the excellent results achieved with fluconazole,

it has been our experience that there is a small, but

clinically significant cohort of patients with a long

history of RVVC who, despite antimycotic treatment,

suffer from persistent symptomatology and may require

additional treatments.3

The pathogenesis of vulvovaginal candidosis (VVC) is

complex and influenced by many factors.1 One of the

proposed predisposing factors is the popular use of tight

synthetic fabric briefs that may help create a favourable

environment for Candida germination by increasing

dampness around the vulvar area.4,5 We therefore

decided to investigate the comparative influence of two

different types of briefs in the long-term management of

RVVC. We compared the effect of standard cotton

placebo underwear with underwear made of Dermasilk�

(Alpretec Srl, San Donà di Piave, Venice, Italy) in a

group of women suffering from RVVC during treatment

with an oral antimycotic. Dermasilk� is a pure silk

fibroin fabric impregnated with a permanent antimicro-

bial protection agent (AEM 5772 ⁄ 5) that has been

shown to be useful as an adjunct in the treatment of

atopic dermatitis6–8 and vulval lichen sclerosus.

Subjects and methods

In this 6 months study, we recruited women older than

18 years, attending a Centre for Sexually Transmitted
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Diseases with a history of long-term RVVC (from 1 to

6 years, mean time 2.4 years). All patients had a past

history of treatment with weekly oral fluconazole for a

period of at least 6 months during which they had

continued to experience vulvar irritation that failed to

resolve. In addition, many of these patients had also

been treated with topical antimycotics, Lactobacillus

vaginal tablets, topical boric acid and homeopathy

without success. Patients affected by the following

conditions were not eligible to participate in the study:

pregnancy, diabetes mellitus, HIV seropositivity, vulvar

dermatological diseases, lichen sclerosus, current use of

oral contraceptives and oral antibiotics and oral or

topical antimycotic agents during the previous 4 weeks.

At the time of recruitment, eligible patients presented

with an episode of acute VVC, a positive culture from

vaginal discharge for Candida and a vaginitis severity

score ‡3 as described by Sobel et al. [9]. This severity

scoring system evaluates symptoms (itching, irritation

and burning) and signs (erythema, oedema and exco-

riations or fissures). The severity of each sign and

symptom was scored on a scale of 0 (absent) to 3

(severe). In each patient, bacterial vaginosis was

excluded by pH measurement and Gram stain micros-

copy. The isolation of Candida and the identification of

the species were obtained by cultures on chromogenic

agar (CHROMagar Candida, Vacutest Kima, Padova,

Italy)10; when CHROMagar did not allow certain

identification of the species, an automated yeast bio-

chemical identification system was used (Vitek card,

BioMérieux, Marcy-l�Etoile, France).11

Women who entered the study were treated with

fluconazole 150 mg weekly for 6 months. In addition, a

sealed anonymous envelope containing either three

pairs of white Dermasilk briefs or three pairs of white

cotton briefs, was given to each patient. The study was

double-binded and each envelope containing briefs was

identified by a progressive number; correspondence

between the envelope number and its content was

revealed by the producer of briefs only at the end of the

study. Patients were asked to wear only these briefs, day

and night for the 6 months duration of the study.

During the follow-up visits, after 1, 3 and 6 months,

cultural examination for Candida and scoring of symp-

toms and signs were repeated. A severity score ‡3 with

positive culture was considered a recurrence. Consider-

ing every single symptom and sign, a lower score at

follow-up visit was evaluated as an improvement, a

higher score as a worsening.

Statistical analysis was performed with SPSS 17 and

Stata 10 for Windows. Data were expressed as ordinal

variables, and so they were summarised as prevalence

and frequency; Fisher exact test and Pearson chi square

were used to highlight differences between the groups.

Results

One hundred patients with recurrent VVC were

recruited, but four were lost during follow-up, and so

96 women completed the study. Ages ranged from 18 to

52 years (median age 30.25). Yeast cultures revealed

Candida albicans in 82 patients, Candida glabrata in 11

and Candida parapsilosis in three patients. The patients

were randomly divided into two groups: Dermasilk�

briefs were given to 48 patients (DS group), whereas

cotton briefs were given to the other 48 women (CT

group).

No statistically significant difference was found

between the age of the two groups: median age of the

DS group was 32 years (IQR: 25–39.5 years), whereas

that of the CT group was 28.5 years (IQR: 25–

37.5 years). Mean duration of recurrent VVC and

incidence of symptoms and signs did not statistically

differ between the two groups, even though burning

and dyspareunia were slightly more frequent in the DS

group. No patients reported side effects in either arm of

the study.

Both arms of the study showed similar reductions of

symptoms and signs within the first month of the study,

but after 3 months there appeared to be a divergence

developing in favour of the DS group with regard to

itching, burning and erythema.

At the 6-month time point, the patients in the DS

group showed a significantly greater decrease of itching

and erythema (Fisher exact test P < 0.0001) and

burning (Fisher exact test P < 0.05) than the CT

patients as shown in Table 1.

Severity scores of symptoms and signs recorded during

the follow-up visits showed an improvement after

1 month, whereas after 3 and 6 months, some symptoms

and signs worsened, more frequently in CT group (data

not shown). A statistically significant different trend

between the two groups was gained at the end of the study

for erythema with 25 ⁄ 48 (52.08%) patients in DS group,

but only 7 ⁄ 48 (14.58%) in CT group showing an

improvement in erythema between the 3rd and the 6th

month (Pearson Chi square = 16.392; P < = 0.0001)

(Fig. 1).

Eleven of the 48 (22.91%) patients in the DS group

did not report any recurrences during the study

compared with only four of the 48 (8.3%) patients of

the CT group. (Fisher exact test P = 0.036). Most

patients in the DS group (32 ⁄ 48, 66.7%) had no or one

recurrence, whereas in the CT group, most (29 ⁄ 48,
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60.5%) had two or more recurrences (Table 2). Results

of mycological cultures are summarised in Table 3.

Culture was positive for C. glabrata in four women of DS

group and seven of CT group; C. parapsilosis was found

in two women of DS group and one of CT group. In both

groups, patients positive for these species were more

prone to recurrences.

Discussion

Despite its benign nature, RVVC represents a frequent

cause for medical consultation and a significant reduc-

tion in quality of life of the affected women. Usually

treatment with fluconazole 150 mg weekly for

6 months is well tolerated and efficacious, but often

VVC recurs once therapy is stopped and clear guidelines

about the length of treatment are not available. In

addition, some patients do not obtain a complete

therapeutic and symptomatic resolution during treat-

ment. Several explanations of this phenomenon have

been hypothesised. Candida albicans seems to develop

diminished fluconazole sensitivity after prolonged expo-

sure.12,13 Also, other Candida species are frequently

resistant to fluconazole.14,15 The receptivity to yeast of

vaginal epithelial cells may be increased by expression of

polymorphism of mannose-binding lectine gene, thus

making some patients more prone to develop candido-

sis.16 Finally, some patients with recurrent VVC seem to

develop a vaginal allergic immune response against

Candida, with the production of Candida-specific IgE that

impairs T cell immune response and cytokine secretion.

This acquired immune defect may alter the integrity of

the mucosa and its barrier function, and consequently

prolong chronic vaginal symptoms.17

Although antimycotic therapy is the treatment of first

choice, patients with these complicating features may

require additional therapeutic measures including

advice on appropriate underwear. In the past, doctors

have instinctively tended to advise patients to wear

cotton underwear because cotton is a natural soft fabric,

but there is no clinical evidence to support this practice.

Dermasilk� is a high technology fine-knitted natural

Table 2 Number of patients of DS (patients wearing Dermasilk�

briefs) and CT (patients wearing white cotton briefs) groups that

developed no, one, two or three recurrences during the whole

study (Fisher exact test P = 0.036*).

Recurrences

DS (48

patients)

CT (48

patients)

All patients

(96p)

No recurrences 11* 4 15

One recurrence 21 15 36

Two recurrences 14 20 34

Three recurrences 2 9 11

Table 1 Prevalence (in number) of vulv-

ovaginal symptoms and signs in DS (pa-

tients wearing Dermasilk� briefs) and CT

(patients wearing white cotton briefs)

groups at the dierent checks; severity

scores were not considered in this table, all

symptoms and signs being considered only

as present or absent (Fisher exact test

*P < 0.05; **P < 0.01, ***P < 0.0001).

Baseline

After

1 month

After

3 months

After

6 months

DS CT DS CT DS CT DS CT

Symptoms

Itching 48 48 39 42 20 30 6*** 28

Burning 38 29 19 19 5 8 1* 8

Skin irritation 42** 28 11 13 3 6 0 P = 0.056 5

Clinical signs

Erythema 48 48 43 44 29 35 6*** 38

Oedema 43 39 17 19 1 3 1 3

Excoriations ⁄ fissures 23 11 6 6 1 0 0 0

Figure 1 Improvement of erythema at 6 months in DS (patients

wearing Dermasilk� briefs) and CT (patients wearing white cotton

briefs) groups, calculated on the difference of severity scores be-

tween 3rd and 6th month. During the last 3 months of the study,

erythema continues to improve in DS group, whereas it remains

stable or worsens in CT group.

Table 3 Positive results of mycological cultures at baseline, after 1,

3 and 6 months.

At

baseline

After 1

month

After 3

months

After 6

months

Candida albicans (n) 82 47 33 21

Candida glabrata (n) 11 9 10 11

Candida parapsilosis (n) 3 1 3 2

Positive cultures (n) 96 57 46 34
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fabric made of 100% pure fibroin (medical grade sericin-

free silk) impregnated with a non-migrating permanent

antimicrobial protection (AEM 5772 ⁄ 5). Its physical

properties suggest it could be an ideal fabric for use in

RVVC. The removal of sericin minimises the possibility

of any contact allergic reaction, and it has extremely

low frictional properties due to its long, smooth cylin-

drical filaments. The protein structure of fibroin is

similar to the stratum corneum of the human skin, so

that Dermasilk� is able to absorb a high percentage of

moisture without becoming damp, maintaining a stable

heat and humidity balance next to the skin and

constant skin temperature.

The antimicrobial AEM 5772 ⁄ 5 (3-trihydroxysilyl

propyldimethyloctadecyl ammonium chloride) is a qua-

ternary ammonium compound that is bonded perma-

nently to the fabric and cannot be washed or worn off.

This compound kills microorganisms that come into

contact with it by puncturing the cell wall and inducing

a mechanical cellular lysis. It is not released from the

fabric and so does not migrate onto the skin to alter

local resident flora, unlike other antimicrobial finishes.

AEM5772 ⁄ 5 has been extensively used in hospitals for

over three decades and in DermaSilk for nearly

10 years, and has been shown not to irritate human

tissues.

Dermasilk� has been demonstrated to be significantly

more effective than cotton in the management of atopic

dermatitis.6–8 In vitro studies of this textile have

demonstrated a significant decrease in Staphylococcus

aureus, Pseudomonas aeruginosa and C. albicans.18 A

study conducted in atopic eczema patients over 28 days

demonstrated the benefits of Dermasilk vs. identical silk

minus the antimicrobial finish.19 These features have

led to the inclusion of Dermasilk fabric into European

guidelines for the management of atopic dermatitis.20

The aim of our study was to investigate if Dermasilk�

underwear may be a useful adjuvant tool in the

management of RVVC that had not been completely

resolved by antimycotic treatment. In our study, we

followed up 96 women affected by recurrent VVC for

6 months; 48 patients used cotton briefs and 48

Dermasilk� briefs, in addition to a systemic treatment

with fluconazole 150 mg weekly. Strict adherence to

wearing briefs assigned during the study was reported in

all patients, as they were long-term suffering from VVC

and so highly motivated to seek a solution to their

problem. All patients showed an improvement after the

first month of treatment compared with the previous

4 weeks of wash out. However, signs and symptoms

tended to worsen subsequently, also during fluconazole

therapy, with a higher statistical frequency in the group

using cotton briefs compared with the Dermasilk group.

In fact, at the last follow-up visit, after 6 months,

patients using Dermasilk� briefs maintained better

results compared with women using cotton briefs, with

regard to itching, burning and erythema.

The use of Dermasilk� briefs seemed to reduce the

number of recurrences during antimycotic treatment

compared with cotton briefs. The incidence of recur-

rences in our study is higher than in other reports21, but

it must be noted that our patients suffered from a

particularly persistent form of RVVC and had experi-

enced a high number of VVC episodes during the

previous year that had been already treated with long-

term antimycotic treatment. Moreover, 11 of our

patients had mycological examination positive for C.

glabrata and three for C. parapsilosis; in the literature,

these species are often reported to be resistant to a low

dose of fluconazole, as also evidenced by the results of

our study.

We believe that Dermasilk� briefs are helpful in

recurrent VVC as a result of the fundamental properties

of the fabric. First, the silk fibroin fabric is significantly

better than cotton at removing excess moisture and

maintaining stable water balance and temperature

control, thereby denying the yeast a damp environment

for proliferation. Secondly, the AEM 5772 ⁄ 5 antimi-

crobial finish has demonstrated in vitro the ability to

decrease Candida contamination of the fabric. It does not

migrate from the fabric to the skin, and so it does not

alter local microbiota such as Lactobacillus spp. Finally,

Dermasilk� decreases external sources of vulvar irrita-

tion, thanks to its smooth fibres, and does not exacer-

bate the immuno-mediated inflammatory processes

already present in many women with recurrent VVC,

in line with the theory of vaginal allergic immune

response against Candida.

We appreciate that our study has limitations. The

sample consists of women affected by long-term RVVC

with a high number of active episodes every year and an

incomplete remission after antimycotic treatment. This

fact makes it difficult to undertake a comparison with

other data in the literature. We are unable to specifically

separate the improvement due to the use of fluconazole

from that due to the use of specific underwear, but as

both sets of patients followed the same fluconazole

regime, it is logical to link any variation in outcome

with the choice of briefs.

In conclusion, we believe that advice on appropriate

underwear could benefit patients suffering from RVVC.

This study shows that Dermasilk� briefs are safe and

comfortable underwear for women suffering from RVVC

and appear to provide greater benefit than cotton. They

A. D�Antuono et al.

4 � 2011 Blackwell Verlag GmbH



can contribute to the control of vulvovaginal symptoms

by diminishing external sources of irritation, managing

local humidity and helping restore skin barrier function.

Our data suggest that Dermasilk� briefs could be a

useful and safe adjunctive to antimycotic treatment, free

of side effects, in patients with persistent and recurrent

vulvovaginitis.
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11 Graf B, Adam T, Zill E, Göbel UB. Evaluation of the Vitek 2

system for rapid identification of yeast and yeast-like

organism. J Clin Microbiol 2000; 38: 1782–5.

12 Shahid Z, Sobel JD. Reduced fluconazole susceptibility of

Candida albicans isolates in women with recurrent vulv-

ovaginal candidiasis: effects of long-term fluconazole

therapy. Diagn Microbiol Infect Dis 2009; 64: 354–6.

13 Bulik CC, Sobel JD, Nailon MD. Susceptibility profile of

vaginal isolates of Candida albicans prior to and following

fluconazole introduction - impact of two decades. Mycoses

2011; 54: 34–8.

14 Buitrón Garcı́a-Figueroa R, Araiza-Santibáñez J, Basurto-
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