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Abstract
Onychomycosis is a fungal infection of the fingernails or toenails caused by fungi. Ciclopirox nail lacquer 
is generally used for the treatment of patients with onychomycosis, but the duration of treatment is 
long and indefinite. Hence, Silver nanoparticles were coated with 8% Ciclopirox, and In vitro antifungal 
susceptibility was done to check its effectiveness over plain 8% Ciclopirox. This Analytical study included 
a total of 100 nail-clipping/Nail scrapping specimens from patients attending DVL OPD, MGMCRI, 
with suspected Onychomycosis for a period of one year. The sample was subjected to microscopy and 
culture identification of the pathogen. In vitro Antifungal susceptibility testing was performed against 
plain 8% Ciclopirox and 8% Ciclopirox coated on silver Nanoparticles by broth dilution method as per 
CLSI M38-A. The overall prevalence of Onychomycosis was 39%, caused by 6% of dermatophytes and 
33% of non-dermatophytes. The incidence was 65% in toe nail and 35% in fingernail. The female is 
more predominant than male. Distal and lateral onychomycosis are the commonest clinical types. 
Aspergillus niger (13%) was the etiologic agent of onychomycosis due to NDOM. The MICs with 8% 
Ciclopirox coated on silver nanoparticles ranged from 0.4-0.7 μg/ml and the rate of growth inhibition 
was better when compared to plain 8% Ciclopirox MICs which ranged from 0.5-0.8 μg/ml. The study 
concludes that A. niger is the agent of NDOM and our findings hold implications of Onychomycosis for 
both the clinicians and researchers, to improve the clinical outcomes of the patients. 
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INTRODUCTION
 
 Onychomycosis,  a type of fungal 
infection of the fingernails or toenails can be 
caused by yeasts, dermatophytes and non-
dermatophytic moulds.1,2 Clinically, it can be seen 
as onychogryphosis, that is thickening of the nail 
plate or white to yellow discoloration. It can also 
be seen as Onycholysis, which is separation of nail 
from the nail bed. The worldwide prevalence was 
estimated to be >10% in healthy persons, and 40% 
in individuals >60 years, and estimates for 50% of 
nail ailments in clinical practice.3

 It is reported that the dermatophytes are 
the major causative agents whereas, yeasts and 
Non dermatophytes account for approximately 
20% of onychomycosis cases worldwide.4 Non-
dermatophytic onychomycosis (NDO) is caused by 
hyaline5,6 and dematiaceous7,8 filamentous fungi 
that are commonly found as soil saprophytes 
or plant pathogens. Unlike dermatophytes, they 
are generally not keratinolytic.9 They live on 
the non-keratinized intercellular cement of the 
host tissue and must take advantage of previous 
keratin destruction by dermatophytes, trauma, 
or another nail disease. For this reason, they are 
sometimes considered secondary invaders of the 
nail plate.10 Although the list of NDM species that 
have occasionally been isolated from nails is quite 
long, only a few are regularly identified as real 
causes of onychomycosis. 
 Ciclopirox nail lacquer has demonstrated 
a broad spectrum of activity with efficacy against 
Candida species and some non-dermatophytes. 
Ciclopirox nail lacquer is considered extremely safe 
regarding causally related treatment emergent 
adverse-effects.11 Since decades the medical 
importance of Silver & silver-based compounds has 
been known and found their applications in many 
areas of medicine since decades. Nanoparticles 
(NPs) are of great scientific interest as they differ in 
physical & chemical parameters from their bulkier 
counterpart. These size dependent properties of 
NPs could be attributed to the increased surface 
area that is exposed for reaction when compared 
to their bulky counterpart thereby finding 
application in targeted drug delivery, biosensors, 
antibacterial agents, cancer treatment, gene 
therapy and DNA analysis, enhancing reaction 
rates and magnetic resonance imaging. These 

NPs have also shown antibacterial, antifungal12 
and antiviral activity.13 This study is taken up to 
identify the non-Dermatophytic causative agents 
of Onychomycosis and to check the effectiveness 
of Antifungal drug plain Ciclopirox over Ciclopirox 
coated on Silver Nanoparticles.

METHODS

Sampling method
 A total of 100 nail-clipping specimens 
were obtained from patients with suspected 
onychomycosis attending the Dermatology OPD, 
at MGMCRI for a period of one year. 

Sample collection
 After cleaning the affected area with 70% 
ethanol, nail scrapings will be collected from the 
deepest part of the nail and as close as possible 
to the intact parts of the nail by scraping the nail 
bed, and the hyponychium. Material will also be 
obtained from the underside of the nail plate, with 
emphasis placed on sampling from the advancing 
infected edge most proximal to the cuticle. This is 
the area most likely to contain viable hyphae and 
least likely to contain contaminants. If Candida 
onycholysis is suspected, the lifted nail bed should 
be scrapped. The collected specimen will be placed 
in sterile black paper envelope and folded and sent 
to Microbiology Laboratory, MGMCRI for further 
processing.

Microscopy
 The specimen should be divided into 
two portions for direct microscopy and culture. 
One piece of each nail fragment collected will be 
subjected to wet mount examination using 20% 
Potassium Hydroxide and examined under × 40 
magnifications to identify the presence of any 
fungal elements, including hyphae, arthrospores, 
yeast cells, and pseudohyphae. 

Culture
 The other part of the nail will be 
fragmented and inoculated onto three points on 
two plates of Sabouraud’s dextrose agar (SDA) 
with 0.05% cycloheximide and the other SDA with 
0.005% chloramphenicol, and incubated at 37 °C 
for 7 days. The cultures will be checked daily for 
evidence of growth and processed accordingly. No 
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growth after 7 days will be considered a negative 
culture. 

Criteria
 The criteria for a diagnosis of NDM 
onychomycosis will be made based on nail 
abnormalities consistent with the diagnosis, a 
positive KOH preparation with the presence of 
specific hyphae in the nail keratin, and when 
the culture is done, the failure to isolate a 
dermatophyte in the culture and growth of 
identical mould colonies in the inoculation sites 
of the culture media. Samples with characteristic 
saprophytic hyphal elements on direct microscopy 
and significant growth of NDMs on culture will be 
considered for species identification by colony 
morphology and a microscopic examination with 
lactophenol cotton blue preparation according to 
identification keys. 

Antifungal susceptibility testing
Inoculum preparation
 T h e  i n o c u l u m  w i t h  c o n i d i u m 
sporangiospores was prepared with the help 
of spectrophotometry procedure. To induce 
conidium formation, the fungi were grown on 
potato dextrose Agar for 7 days at 35 °C. After 
this 1 ml of sterile 0.85% saline was used to cover 
the sporulating colonies and gentle probing of the 
colonies was done with the sterile tip of a pipette. 

 The resulting solution was transferred 
to a sterile tube and allowed to settle for 3 to 
5 minutes. The result the resulting supernatant 
homogenised suspension was transferred to sterile 
screw capped container. This mixture was then 
vortexed for 15 seconds. 
 From this mixture 1:50 dilution of 
inoculum was prepared in adequate volume to 
inoculate 1 ml into each well. 

Drug preparation
 Plain 8% Ciclopirox was commercially 
obtained. 8% Ciclopirox coated on Silver 
Nanoparticles was prepared by stirring and 
sonication method. 

Antifungal susceptibility
 The antifungal efficacy of plain 8% 
Ciclopirox and 8% Ciclopirox coated on Silver 
Nanoparticles was determined by microbroth 
dilutions method as per CLSI M38-A2 document. 
The MIC ranges tested were 0.06-2 μg/ml for both 
the drug formulations. After a 7-day incubation 
period at 28 °C, the tubes were analysed. Since 
the end points of ciclopirox is less well defined as 
per CLSI M38 A2, allowing some Turbidity above 
the mic was considered as the end point. For 
ciclopirox the turbidity allowed corresponded 
to approximately 80% or more reduction in the 
growth compared to the growth in the control well. 

Figure 1. Plain 8% Ciclopirox-Rate of growth inhibition and variable drug concentrations
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RESULTS

Onychomycosis
 Of the 100 patients screened, the 
prevalence of Onychomycosis accounted for 
39%, with 6% due to dermatophytes and 33% 
due to Non dermatophytes. The incidence 
was 65% in toenail onychomycosis and 35% in 
fingernail onychomycosis. The prevalence ratio 
of male to female was found to be 1:1.7, with 
a female preponderance. The most common 
clinical types seen were Distal & lateral subungual 
onychomycosis. Aspergillus niger (13%), was the 
most isolated etiological agent of NDOM. Others 
included various Aspergillus species, Curvularia, 
Fusarium, Candida, etc., as shown in Figure 1.

Antifungal Susceptibility Testing
 In vitro antifungal susceptibility by micro 
dilution method for Ciclopirox, the MIC was the 
lowest concentration showing 80-100% growth 
inhibition. The 33 non-dermatophytic strains 
were subjected to antifungal susceptibility testing 
against Plain 8% Ciclopirox and 8% ciclopirox 
coated on silver Nanoparticles. The MIC with 
plain 8% Ciclopirox for Aspergillus sp., Curvularia, 
Fusarium, Blastomyces and Penicillium ranged 
between 0.5-0.8 μg/ml and with 8% ciclopirox 
coated on silver nanoparticles the MICs ranged 
from 0.4-0.7 μg/ml. The rate of growth inhibition 
of the two formulations also revealed that in 
the tubes with the plain drug, the reduction in 
turbidity was observed from day 5 onwards, 

Figure 2. Rate of growth inhibition with varying drug concentrations of Plain 8% Ciclopirox

Figure 3. Rate of growth inhibition with varying concentrations of 8% Ciclopirox coated on Silver Nanoparticles
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whereas, in the tubes with 8% ciclopirox coated 
on silver nanoparticles, the reduction in turbidity 
was observed from day 3 onwards as shown in 
Figures 2 and 3.

DISCUSSION 

 Onychomycosis, a fungal infection 
caused mainly in the toe or finger nails. It is 
more common in adults as well as elderly 
individuals, and its prevalence is higher in 
populations with certain risk factors such as 
diabetes, immunosuppression, poor foot hygiene, 
and those who frequently wear closed-toe shoes in 
hot and humid climates.4 In the present study, 100 
patients were screened for fungal infections and 
they found that 39% of Onychomycosis infection, 
with 6% of dermatophytes and remaining 33% 
of Non dermatophytes. The incidence was more 
in toenail (65%) compared to fingernail (35.1%). 
The results of this study found that females are 
more predominant than the male population 
for this fungal infection. The study results are 
highly similar with Rafat et al., and also shows 
the higher incidence of infection was at the 
age of >50 years.2 Aspergillus niger were the 
predominant etiological agent of NDOM followed 
by other agents like Curvularia, Aspergillus species, 
Fusarium, Candida etc., In our study, in vitro 
antifungal susceptibility testing was performed 
using the microdilution method for Ciclopirox, 
which demonstrated 80-100% growth inhibition 
at the lowest concentration. Studies and surveys 
on the prevalence of onychomycosis in India 
have reported varying rates. Some studies have 
suggested prevalence rates ranging from 0.5% to 
5.0% in different populations across the country.14 

However, these rates may not fully capture the 
extent of the problem due to under-reporting and 
under-diagnosis, as many cases of onychomycosis 
may go unnoticed or untreated.

Non-Dermatophytic Onychomycosis
 The main intention of the study is to 
investigate non-dermatophytic onychomycosis 
(NDO) with critical insights of aetiology and its 
management. This research is mainly to estimate 
the prevalence of Onychomycosis and test the 
efficacy of Silver Nanoparticles coated with 8% 
Ciclopirox as well as plain Ciclopirox. 

Prevalence of onychomycosis
 The present study has identified a 
spectrum of non-dermatophytic fungi responsible 
for onychomycosis, emphasizing the diversity 
within this category. Kaur et al., recorded 
that Trichophyton rubrum (46.67%) was the 
predominant fungus followed by Trichophyton 
mentagrophytes (20.0%) and Candida albicans 
(15.6%) from 60 patients.1 Another large 
multinational cross-sectional study using validated 
questionnaires from 532 patients which includes 
284 toe nail, 248 finger nail and this questionnaire 
became a vital tool for the improvement of 
patient’s lives with onychomycosis.15

Prevalence of Non dermatophytic onychomycosis
 Contrary to the prevailing notion that 
dermatophytes are the primary causative agents, 
but the study results indicate a significant number 
of non-dermatophytic fungi that can also cause a 
serious disease. The prevalence of NDOM accounts 
to 30.1% and 39%16 and were 29.3% and 32.7% by 
moulds and by yeasts, respectively,17 is quite similar 
ranges (33%) to the present study. Based on the 
above statement, moulds are considered as a nail 
invader which ranges from 1.45% to 17.60%. The 
incidence may vary due to geographic differences 
in mould distribution or diagnostic methods. 
This current study highlights the epidemiological 
features of Onychomycosis and shows that A. niger 
is the predominant pathogenic isolates causing 
NDOM. Various studies from different countries 
like Sri Lanka, Cameroon, India, Turkey, Italy and 
UK reported that A. fumigatus and A. terreus are 
the predominant pathogens.18-24

Antifungal susceptibility profile
 Ciclopirox is an antifungal medication 
which is commonly used to treat the fungal 
infections of the skin as well as nails, including 
onychomycosis (fungal nail infection). It targets a 
variety of metabolic processes in the fungal cell.11 
Ciclopirox (Penlac 8%) chelates with the polyvalent 
cations (Fe3+ and Al3+) that are involved in fungal 
enzymatic activity, by interrupting intracellular 
energy production, toxic peroxide degradation, 
depletion of amino acids and nucleotides which 
results in reduction of protein synthesis.11 Our 
study findings also contribute to the understanding 
of treatment strategies for NDOM. In Turkey 
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Erdogan et al., reported a new technique, a 
mild keratolytic to be invaded under nail bed 
for Onychomycosis unresponsive to antifungal 
treatment.25 Notably, the demonstration of 8% 
Ciclopirox coated on silver nanoparticles yielded 
a higher in vitro antifungal efficacy against the 
non-dermatophytes isolates when compared 
to plain 8% Ciclopirox. This is on par with the 
clinical findings of Foley et al., who stated 
that only low-quality evidence supported the 
efficacy of ciclopirox 8% lacquer.26 Testing of 
Ciclopirox have compiled with broad antibiotic 
susceptibility profile to dermatophytes as well as 
non-dermatophytes.26-29 The present study also 
indicated a higher rate of fungal growth inhibition 
with the silver nano-coated drug compared to 
the plain drug. Further studies are warranted to 
establish its optimal use and long-term efficacy of 
the clinical settings.

Future Directions and Recommendations
 The study recommends that the 
incorporation of silver nanoparticles is highly 
helpful to enhance the efficacy of antifungal 
agents. In vitro animal model testing of 8% 
Ciclopirox coated on silver-nanoparticles is highly 
potential than plain 8% Ciclopirox. 

CONCLUSION

 The study concludes that present 
research contributes valuable insights into the 
multifaceted aspects of non-dermatophytic 
onychomycosis. To the extent of our knowledge 
we elaborated our research on the fungal causative 
agents, clinical presentations, and their advanced 
treatment strategies for the benefit of the patients 
as well as clinicians. Our findings hold implications 
for both clinicians and researchers to improve the 
clinical management and their outcomes for the 
patients affected by NDO.
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