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Clinico–mycological correlation of onychomycosis: 
emphasizing the role of non-dermatophytes in a tertiary care 
hospital from Karnataka, India

Background: Onychomycosis is a widespread problem in the 
clinical practice of dermatology, caused by dermatophytes, 
yeasts, and non-dermatophyte molds. In India, relatively little 
work has been done on this problem. It is a known fact that the 
geographical distribution of the fungi may change from time to 
time. Hence, through this study, an attempt was made to identify 
the clinical patterns and causative agents of onychomycosis.

Methods: This study was conducted on 100 clinically suspected 
onychomycosis patients. The necessary clinical details were 
noted with their consent. Nail clippings were collected from 
the most severely affected parts and were subjected to direct 
microscopy in 40% potassium hydroxide before being inoculated 
into Sabouraud’s dextrose agar with and without cycloheximide 
at 25°C and 37°C for up to four weeks. Growth was identified 
following the standard protocols by assessing the rate of growth, 
colony character, lactophenol cotton blue mount, slide culture, 
urease test, germ tube test, etc.

Results: Among the 100 patients, the mean age was 40.8 years. 
The male/female ratio was 1.28:1. Fingernail (49%) involvement 
was more common than toenail involvement (32%). Distal lateral 
subungual onychomycosis (52%) comprised the predominant 
clinical pattern. KOH mount was positive in 46%, while the 
culture was positive in 44% of patients. The causative agents 
isolated were non-dermatophyte molds (63.6%), dermatophytes 
(18.2%), and yeasts (18.2%). 

Conclusion: This work shows the broad spectrum of causative 
agents of onychomycosis with non-dermatophyte molds as the 
predominant isolates.
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INTRODUCTION
Onychomycosis is derived from the Greek words 

“onychos, ” which means nail, and “mycosis, ” 
an infection by fungi 1. Onychomycosis affects 
all parts of the nail, including the matrix, bed, 

plate, and folds 2. The fungi mainly responsible 
for onychomycosis are dermatophytes, non-
dermatophyte molds, and yeast-like fungi 3. The 
term tinea unguium refers only to dermatophytic 
infections of the nail 4.

Onychomycosis is a widespread problem in the 
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clinical practice of dermatology, accounting for up 
to 50% of all nail diseases. It affects approximately 
5% of the population worldwide and represents 
around 30% of all superficial mycotic infections 2.

The risk factors for onychomycosis include 
the wearing of fashionably tight, high-heeled 
shoes, the increased use of damp facilities such as 
locker rooms and gymnasiums by large numbers 
of people, the declining immune system in the 
aging population, the increasing number of 
immunocompromised patients through diseases 
(e.g., HIV) or immunosuppressive therapies 
associated with cancer or post-transplantation 
care, and the overuse of broad-spectrum antibiotics 
for therapeutic purposes. Other risk factors of 
onychomycosis are direct trauma to the nail, either 
from professions such as farming or as a result of 
certain tic disorders like nail-biting 5.

In 1972, Zaias proposed a classification of 
fungal nail diseases, wherein three subtypes of 
nail invasion were cited, namely distal and lateral 
subungual onychomycosis (DLSO), white superficial 
onychomycosis (WSO), and proximal subungual 
onychomycosis (PSO) 6. In 2011, a new classification 
of onychomycosis was proposed by Baran; endonyx 
onychomycosis, mixed onychomycosis (MO), totally 
dystrophic onychomycosis (TDO), and secondary 
onychomycosis were mentioned, in addition to the 
aforementioned clinical subtypes 7.

In a developing country like India, there is low 
awareness of onychomycosis by physicians and 
the general public. On average, studies from India 
have reported an incidence in the range of 0.5-5% 
in the general population 8. The prevalence rate of 
onychomycosis is determined by age, social class, 
occupation, climate, and lifestyle. This disease 
is more frequent among men than women, and 
it increases with age 9. Onychomycosis can be 
very distressing to many patients. It often causes 
significant disability and pain, and negatively 
affects the person’s wellbeing. The treatment 
of onychomycosis generally requires long-term 
therapy with oral antifungal agents; hence, correct 
diagnosis is essential 10.

Onychomycosis occurs by penetration of fungal 
elements and secretion of enzymes that degrade 
the skin components. Dermatophytic fungi have 
keratolytic, proteolytic, and lipolytic activities. 
The hydrolysis of keratin by proteinases facilitates 
invasion into tissues and provides nutrition to 

the fungi 11.
The most common pathogens affecting nails 

are dermatophytes such as Trichophyton rubrum, 
Trichophyton mentagrophytes ,  Epidermophyton 
flocossum, and rarely Microsporum spp. among 
others. The non-dermatophyte molds include 
Aspergillus spp., Fusarium spp., Scopulariopsis spp., 
Alternaria spp., Curvularia spp., zygomycetes, 
Penicillium spp., and others. Yeast-like fungi 
include Candida albicans, Candida tropicalis, Candida 
guilliermondii, etc 12.

It is essential to identify the various clinical 
patterns of onychomycosis and its causative 
agents. Also, many diseases mimic onychomycosis, 
including bacterial infections, contact dermatitis, 
traumatic onychodystrophies, pachyonychia 
congenita, nail bed tumors, and others 13, which 
makes the use of diagnostic modalities essential 
before initiating appropriate treatment. This study 
was conducted to identify the etiology and also 
the demographic profile of Indian patients affected 
with onychomycosis.

PARTICIPANTS AND METHODS

Ethical considerations

Ethical clearance was taken from the institution’s 
ethical clearance committee.

Participants and study design

This study was conducted on 100 clinically 
suspected patients with onychomycosis attending 
the outpatient skin clinic of Mysore Medical College 
and Research Institute, Mysore, India from 2011 
to 2014. 

Informed consent was taken from all participants 
before inclusion in the study. Data was collected 
on the patient’s demographic characteristics 
and relevant medical history before the physical 
examination was performed and the specimens 
were collected. The clinical type of disease and any 
co-existing superficial fungal infections were noted.

Thorough cleansing of the nail area with 70% 
ethyl alcohol was done to remove the contaminants. 
After allowing to dry, the nail clippings/scrapings 
of the nail bed were collected. The samples of each 
patient were wrapped in dry paper and transported 
to the microbiology laboratory. 
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Direct microscopy

Nail scrapings and nail clippings were subjected 
to a mycological study by direct microscopy 
using 40% potassium hydroxide (KOH). The nail 
scrapings were placed on a clean slide and a few 
drops of 40% KOH were added before a clean 
coverslip was placed over the slide. For digestion 
of hard keratin, the slides were placed overnight 
in a wet chamber. A longer period was required 
for the clearing of thicker nail clippings, which 
were placed in a tube and dissolved in 40% KOH 
through overnight incubation at 37°C. The digested 
material was observed under direct microscopy for 
the presence of fungal mycelia (400×), as shown 
in Figure 1.

Fungal culture

Nail scrapings and clippings were inoculated 
into Sabouraud’s dextrose agar slopes with 0.05% 
chloramphenicol, with and without cycloheximide. 
Incubation was done at 25 and 37°C for 1 to 6 
weeks. Slopes were observed for fungal growth 
every day in the first week, followed by every 
week in the following weeks. If no growth was 
witnessed after six weeks, it was taken as negative 

for the growth of fungi. The rate of growth, type 
of colony, and pigment production were noted to 
aid in the identification of the fungus 14.

Based on the colony morphology, the fungi were 
broadly identified as yeasts and molds. Yeasts 
were speciated by Gram staining, germ tube test, 
and chlamydospore formation. Molds were further 
identified as dermatophytes and non-dermatophytes 
based on lactophenol cotton blue (LPCB) mounts. If 
growth was present in multiple tubes, the samples 
were processed further to rule out contamination 
in cases of non-dermatophyte molds.

After the colonies were well seen, a bit of the 
colony was transferred using a spud to a clean glass 
slide. Then, a drop of LPCB was added and gently 
teased out using teasing needles. The cover-slip 
was placed over and the slide was examined under 
the microscope (100× and 400× magnification). The 
mount was observed for the presence of hyphae 
(septate or aseptate) and the determination of the 
type of conidia (e.g., macroconidia, microconidia, 
and chlamydoconidia) 15.

A slide culture test by Riddel’s method was 
performed to study the detailed morphology of 
fungi on Sabouraud’s dextrose agar with 0.05% 
chloramphenicol.  Dermatophytes and non-
dermatophytes were further identified based on 

Figure 1. KOH mount showing broad, branching, septate 
hyphae on 400× magnification.

Figure 2. The urea hydrolysis test with T. mentagrophytes 
turning red, showing positive results. T. rubrum is negative with 
yellow color.
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Figure 3. Lactophenol cotton blue mounts of various fungi isolated on 400x 
magnification: (a) T. mentagrophytes, (b) T. rubrum, (c) E. flocossum, (d) A. 
fumigatus, (e) A. niger, (f) A. flavus, (g) Rhizopus spp., (h) Alternaria spp., and (i) 
Scopulariopsis spp. (j) Gram stain picture of Candida spp.
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the morphological features. The dermatophytes 
were identified as Trichophyton spp., Epidermophyton 
flocossum, and Microsporum spp. according to the 
size, number, shape, and arrangement of conidia 16. 
A urease test was performed to differentiate 
between T. mentagrophytes and T. rubrum, in which 
T. mentagrophytes yielded positive results (Figure 2). 
The various microscopic appearances of the isolated 
fungi are shown in Figure 3.

Statistical methods

Purposive sampling was done. Descriptive 
analysis of data was done using SPSS version 
17.0 (SPSS Inc, Chicago, IL). The Chi-squared test 
was the statistical method used for the analysis 
of the data.

RESULTS
A  t o t a l  o f  1 0 0  p a t i e n t s  w i t h  s u s p e c t e d 

onychomycosis were studied. The age group most 
affected was 31-50 years (45%) (P = 0.000), as shown 
in Table 1. Among the patients, 56 were male and 
44 were female. The male/female ratio was 1.28:1. 
Overall, 65 cases were from urban and 35 cases 
were from rural areas (P = 0.003). 

The occupation-wise distribution was as 
follows: 36 homemakers, 22 farmers, 9 students, 
9 manual laborers, and 24 other (police officers, 
office executives, drivers, teachers, and gardeners) 
(P = 0.000). The majority of patients (51%) belonged 
to the middle-income group, while 44% were low-
income and 5% were high-income (P = 0.000). The 
contributing factors, such as nail hygiene, were not 
maintained in 29 cases, and 32 cases had a history 

of smoking (P = 0.000).
The common symptoms presented by the patients 

were discoloration, dystrophy, and subungual 
hyperkeratosis. Overall, 49 patients had fingernail 
infection, 32 had toenail involvement, and the rest 
had both (P = 0.001), as shown in Table 2. Among 
the 51 patients who had toenail involvement, 17 
(31%) did not use proper footwear. Only 12% of 
cases had co-existing superficial fungal infections; 
paronychia was predominantly seen, followed by 
tinea manuum and tinea cruris (P = 0.000).

The distal portion of the nail was the predominant 
presenta t ion  in  48  pat ients  a f fec ted  wi th 
onychomycosis (P = 0.000). As shown in Table 3, 
the most common clinical pattern of onychomycosis 
observed was DLSO (52%) (P = 0.000). There were 
14 diabetes mellitus patients; DLSO was a common 
clinical pattern in 6 (42.8%) cases.

The laboratory findings were as follows: the KOH 
mount showed the presence of fungal filaments in 
46% of nail samples; 44% were culture-positive, 
while 56% were culture-negative. Among 46 KOH-
positive cases, 29 (65.9%) were culture-positive 
(Table 4). In total, 61 cases were mycologically 
proven cases of onychomycosis.

Among the isolates obtained on cultures (44), 
non-dermatophytes molds (63.6%) were the common 
isolates, followed by dermatophytes (18.2%) and 
yeasts (18.2%). Among patients with bad nail 

Age group (years) Number Percentage (%)
<10 2 2.0
11-30 28 28.0
31-50 45 45.0
51-70 23 23.0
71-90 2 2.0
Total 100 100.0

Table 1. Age distribution among patients

Nail involved Male
Number (%)

Female
Number (%) Total

Fingernail 29 20 49 (49%)
Toenail 16 16 32 (32%)
Both 11 8 19 (19%)
Total 56 44 100

Table 2. Fingernail and toenail involvement among patients

Clinical type Male Number (%) Female Number (%) Total Percent (%)
Distal lateral subungual onychomycosis (DLSO) 26 (50) 26 (50) 52 52.0
Mixed onychomycosis (MO) 1 (33) 2 (67) 3 3.0

Table 3. Distribution of the clinical pattern among patients

KOH mount 
Number (%)

Culture
Positive

Number (%)
Negative

Number (%)
Positive 46 (46%) 29 (65.9) 17 (30.4)
Negative 54 (54%) 15 (34.1) 39 (69.6)
Total (100) 44 (100.0) 56 (100.0)

Table 4. Comparison of KOH mount and culture results
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hygiene, 15 (51%) showed culture positivity and 
10 (66.7%) cultures yielded non-dermatophytes. 
Among the patients who had a smoking history, 
13 (40%) cases had shown culture positivity. In 
patients who did not use proper footwear, 10 
(58%) cases showed culture positivity. Among 
the 44 fungi isolated, Aspergillus spp. were the 
commonest, followed by Candida spp., Scopulariopsis 
spp., Epidermophyton floccosum, Trichophyton spp., 
Rhizopus spp., and Alternaria spp. (P = 0.000), as 
presented in Table 5.

The  corre la t ion  o f  the  c l in ica l  types  o f 
onychomycosis with the fungi isolated revealed 
that in patients with DLSO, Aspergillus spp. 
(61.9%) was the predominant isolate followed by 
E. flocossum, Trichophyton spp., Candida spp., and 
Rhizopus spp. In PSO, Alternaria spp. was isolated. 

In WSO, Scopulariopsis spp. (42.9%) represented 
the most common isolate, followed by Aspergillus 
spp., Candida spp., and Trichophyton spp. In TDO, 
Aspergillus spp. (41.8%) was the predominant 
isolate, followed by Candida spp. and Trichophyton 
spp. Finally, in MO, Aspergillus spp. was isolated 
(Chi-squared: 0.398; P = 0.405). Complete details 
are shown in Table 6.

DISCUSSION 
Onychomycosis comprises all fungal infections 

affecting the nail apparatus. Various etiological 
agents are involved depending on the geographical 
distribution, which may change from time to 
time. This study was conducted to identify the 
causative agents in different clinical presentations 
of onychomycosis and to re-emphasize the need for 
mycological diagnosis as not all suspected cases 
have fungal etiology. In our study, only 61 out of 
100 cases were actual onychomycosis cases, with 
the culture only being positive in 15 (24.5%), KOH 
mount only being positive in 17(27.8%), and both 
being positive in 29 (47.5%) cases. Similar results 
were seen in previous studies conducted with 59.2% 
KOH mount-positive and 37.6% culture-positive 
rates reported by Gupta et al. 2, while a study by 
Reddy et al. showed higher results with 83% KOH 
mount-positive and 66.6% culture-positive 17.

Most of the patients in our study group belonged 
to the age group of 31-50 years (45%), with a male/
female ratio of 1.28:1. This is in accordance with 
reports by Veer et al. 9 and Kaur et al 18. The higher 
incidence of onychomycosis in males of this age 
group can be credited to more outdoor physical 

Fungus isolated Number Percent (%)
T. mentagrophytes 2 4.5
T. rubrum 1 2.3
T. violaceum 1 2.3
T. verrucosum 1 2.3
Epidermophyton flocossum 3 6.8
Candida tropicalis 5 11.4
Candida guillermondii 1 2.3
Candida kefyr 2 4.5
Aspergillus fumigatus 2 4.5
Aspergillus flavus 1 2.3
Aspergillus niger 20 45.5
Rhizopus spp. 1 2.3
Scopulariopsis spp. 3 6.8
Alternaria spp. 1 2.3
Total 44 100.0

Table 5. Distribution of various fungal isolates in the study 
sample

Fungus isolated DLSO Number 
 (%)

PSO
Number 

 (%)

WSO Number 
 (%)

TDO
Number 

 (%)

MO
Number 

 (%)
T. mentagrophytes 1 (4.7) - - 1 (8.3) -
Trichophyton spp. 2 (9.5) - 1 (14.3) - -
E. flocossum 2 (9.5) - - 1 (8.3) -
C. tropicalis 1 (4.7) - - 4 (33.3) -
Candida spp. 1 (4.7) - 1 (14.3) 1 (8.3) -
Aspergillus spp. 13 (61.9) - 2 (28.5) 5 (41.8) 3 (100)
Rhizopus spp. 1 (4.7) - - - -
Scopulariopsis spp. - - 3 (42.9) - -
Alternaria spp. - 1 (100) - - -
Total 21 (100) 1 (100) 7 (100) 12 (100) 3 (100)

Table 6. Fungus isolated in various clinical types

Abbreviations: DLSO, distal lateral subungual onychomycosis; MO, mixed onychomycosis; PSO, proximal subungual onychomycosis; TDO, total 
dystrophic onychomycosis; WSO, white superficial onychomycosis
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activity, which makes the nail prone to trauma, as 
well as the use of closed footwear in men. Also, 
increased cosmetic concern among youngsters, 
with concurrent liberal use of nail cosmetics, may 
be responsible.

The higher incidence witnessed in homemakers 
(36%) and farmers (22%) in our study is comparable 
with the studies conducted by Gupta et al. 2, 
Veer et al. 9, and Nepune et al 19. This could be 
attributed to domestic activities involving wet work 
and repeated minor trauma for homemakers, while 
farmers have increased perspiration, occupation-
related trauma, and exposure to soil saprophytes.

The typical clinical type of onychomycosis in 
this study group was DLSO (52%) followed by 
TDO, which is a finding similar to other studies 
conducted by Veer et al. (50%) 9, Gupta et al. (73%) 2, 
and Reddy (78%) et al 17.

In the present study, non-dermatophytes (63.6%) 
were the most common isolates, which correlates 
with the studies of Surjushe et al. (59.3%) 20 and 
Leelavathi et al. (45.4%) 21. Many other previous 
studies have documented dermatophytes as the 
primary pathogen with T. rubrum as the most 
common fungus responsible for onychomycosis 22. 
These studies indicate that there is variation in the 
causative agents of onychomycosis in different 
geographical areas. This difference could be 
attributed to changes in global climate and humidity 
favoring the growth of different pathogens over 
the years; also, indiscriminate use of antibiotics 
has favored saprophytic fungi to evade the nail.

The usual clinical manifestation of dermatophyte 
infection seen in this study was DLSO. The 
manifestations associated with non-dermatophyte 
molds were DLSO, TDO, WSO, and MO. Among 
Candida spp. infection, TDO was seen.

A combination of the standard method of fungal 
culture with KOH mount yields a better positivity 
than either performed alone, though the KOH 
mount helps us in the rapid diagnostic measure in 
positive cases to aid in initiating treatment. Newer 
diagnostic modalities like polymerase chain reaction 
can be used for rapid identification, but that lack 
of cost-effectiveness limits their use.

CONCLUSION
The clinico-mycological correlation revealed that 

a single pathogen could give rise to more than 

one clinical type of onychomycosis. The emerging 
role of non-dermatophyte molds, which were 
previously considered as contaminants, should be 
considered in causing onychomycosis. Therefore, 
it is not possible to identify the causative fungus 
by a mere examination of the diseased nail, but 
rather a thorough mycological identification process 
is necessary.
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