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Onychomycosis is a chronic fungal infection 
of the nails that is largely underdiagnosed in 
developing countries such as India due to poor 
health care facilities. In this study, we evaluated 
the nails of 134 patients with a clinical suspicion 
of onychomycosis using direct microscopy and 
fungal culture techniques. The majority of partici-
pants (47.8%) were older than 40 years. On both 
direct microscopy and fungal culture, 71.6% of 
participants were confirmed with onychomycosis. 
Among the cases confirmed by laboratory testing, 
distal lateral subungual onychomycosis was the 
most common clinical pattern observed, followed 
by proximal subungual onychomycosis (PSO), 
candidal onychomycosis (CO), and white super-
ficial onychomycosis (WSO). We concluded that 

laboratory examination is of great importance in 
the diagnosis and identification of the underlying 
pathogen in patients with onychomycosis as well 
as in the selection of a suitable antifungal agent 
for treatment.
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Onychomycosis is a chronic fungal infection 
of the nails. Dermatophytes are the most 
common etiologic agents, but yeasts and 

nondermatophyte molds also constitute a substantial 
number of cases.1 An accumulation of debris under 
distorted, deformed, thickened, and discolored nails, 
particularly with ragged and furrowed edges, strongly 
suggests tinea unguium.2 Candidal onychomycosis 
(CO) lacks gross distortion and accumulated detritus 
and mainly affects fingernails.3 Nondermatophytic 
molds cause 1.5% to 6% of cases of onychomycosis, 
mostly seen in toenails of elderly individuals with a 
history of trauma.4 Onychomycosis affects 5.5% of 
the world population5 and represents 20% to 40% of 
all onychopathies and approximately 30% of cutane-
ous mycotic infections.6

The incidence of onychomycosis ranges from 
0.5% to 5% in the general population in India.7 The 
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Practice Points
	 Onychomycosis is a chronic fungal infection of the nails and represents 20% to 40% of all onycho-

pathies worldwide.
	 Apart from dermatophytes as etiologic agents, nondermatophyte molds and yeasts also can contribute 

to the disease.
	 Categorization of onychomycosis clinically as well as mycologically will surely ensure better patient care.
	 Avoiding certain habits (eg, walking with bare feet, wearing ill-fitting shoes, onychophagia) can decrease 

disease incidence.
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incidence is particularly high in warm humid cli-
mates such as India.8 Researchers have found certain 
habits of the population in the Indian subcontinent 
(eg, walking with bare feet, wearing ill-fitting shoes, 
nail-biting [eg, onychophagia], working with chemi-
cals) to be contributing factors for onychomycosis.9 
Several studies have shown that the prevalence 
of onychomycosis increases with age, possibly due 
to poor peripheral circulation, diabetes mellitus, 
repeated nail trauma, prolonged exposure to patho-
genic fungi, suboptimal immune function, inactiv-
ity, or inability to trim the toenails and care for the 
feet.10 Nail infection is a cosmetic problem with 
serious physical and psychological morbidity and 
also serves as the fungal reservoir for skin infections. 
Besides destruction and disfigurement of the nail 
plate, onychomycosis can lead to self-consciousness 
and impairment of daily functioning.11

Nail dystrophy occurs secondary to various sys-
temic disorders or can be associated with other der-
matologic conditions. Nail discoloration and other 
onychia should be differentiated from onychomycosis 
by classifying nail lesions as distal lateral subungual 
onychomycosis, proximal subungual onychomycosis 
(PSO), CO, white superficial onychomycosis (WSO), 
and total dystrophic onychomycosis.12 Laboratory 
investigation is necessary to accurately differentiate 
between fungal infections and other skin diseases 
before starting treatment. Our hospital-based study 
sought to determine the incidence and epidemiology 
of onychomycosis with an analysis of 134 participants 
with clinically suspected onychomycosis. We evalu-
ated prevalence based on age, sex, and occupation, as 
well as the most common pathogens.

Materials and Methods
Study Design and Participants—The study population 
consisted of 134 patients with clinically suspected ony-
chomycosis who visited the dermatology department 
at the Veer Chandra Singh Garhwali Government 
Institute of Medical Sciences and Research Institute in 
Uttarakhand, India (October 2010 to October 2011).  
A thorough history was obtained and a detailed 
examination of the distorted nails was conducted 
in the microbiology laboratory. Patient history 
and demographic factors such as age, sex, occupa-
tion, and related history of risk factors for ony-
chomycosis were recorded pro forma. Some of the 
details such as itching, family history of fungal 
infection, and prior cutaneous infections were 
recorded. Patients who were undergoing treatment 
with systemic or topical antifungal agents in the  
4 weeks preceding the study period were excluded to 
rule out false-negative cases and to avoid the influ-
ence of antifungal agents on the disease course. 

Assessments—Two samples were taken from each 
patient on different days. Participants were divided 
into 4 groups based on occupation: farmer, house-
wife, student, and other (eg, clerk, shopkeeper, 
painter). Clinical presentation of discoloration, ony-
cholysis, subungual hyperkeratosis, and nail thicken-
ing affecting the distal and/or lateral nail plate was 
defined as distal lateral subungual onychomycosis; 
discoloration and onycholysis affecting the proximal 
part of the nail was defined as PSO; association with 
paronychia and distal and lateral onycholysis was 
defined as CO; white opaque patches on the nail sur-
face were defined as WSO; and end-stage nail disease 
was defined as total dystrophic onychomycosis.

Prior to sampling, the nails were cleaned 
with a 70% alcohol solution. Nail clippings were 
obtained using presterilized nail clippers and a blunt  
no. 15 scalpel blade and were placed on sterilized 
black paper. Each nail sample was divided into 2 parts: 
one for direct microscopy and one for culture. Nail 
clippings were subjected to microscopic examination 
after clearing in 20% potassium hydroxide solution. 
The slides were examined for fungal hyphae, arthro-
spores, yeasts, and pseudohyphal forms. Culture 
was done with Emmons modification of Sabouraud 
dextrose agar (incubated at 27C for molds and 37C 
for yeasts) as well as with 0.4% chloramphenicol 
and 5% cycloheximide (incubated at 27C). Culture 
tubes were examined daily for the first week and on 
alternate days thereafter for 4 weeks of incubation.

Dermatophytes were identified based on the 
colony morphology, growth rate, texture, border, 
and pigmentation in the obverse and reverse of 
culture media and microscopic examination using 
lactophenol cotton blue tease mount. Yeast colo-
nies were identified microscopically with Gram 
stain, and species were identified by germ tube, 
carbohydrate assimilation, and fermentation tests.13 
Nondermatophyte molds were identified by colony 
morphology, microscopic examination, and slide cul-
ture. Molds were considered as pathogens in the pres-
ence of the following criteria: (1) absence of other 
fungal growth in the same culture tube; (2) presence 
of mold growth in all 3 samples; and (3) presence of 
filaments identified on direct examination.

Results
Of 134 clinically suspected cases of onychomycosis, 
78 (58.2%) were from fingernails and 56 (41.8%) 
from toenails. Clinical diagnosis was confirmed in 
96 (71.6%) cases by both fungal culture and direct 
microscopy but was confirmed by direct microscopy 
alone in only 76 (56.7%) cases. False-negative results 
were found in 23.9% (32/134) of participants with 
direct microscopy and 9.0% (12/134) with fungal 
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cultures. The results of direct microscopy and fungal 
culture are outlined in Table 1. The study included 
78 (58.2%) males and 56 (41.8%) females with a 
mean age of 44 years. Highest prevalence (47.8%) 
was seen in participants older than 40 years and low-
est prevalence (11.9%) in participants younger than 
20 years. In total, 32.8% of participants were farmers, 
31.3% were housewives, 14.9% were students, and 
20.9% performed other occupations. Disease history 
at the time of first presentation varied from 1 month 
to more than 2 years; 33.6% of participants had a  
1- to 6-month history of disease, while only 3.7% had 
a disease history of less than 1 month at presentation. 
The demographic data are further outlined in Table 2.

Distal lateral subungual onychomycosis was the 
most prevalent clinical pattern found in 66 (49.3%) 
participants; fungal isolates were found in 60 of 
these participants. The next most prevalent clinical 
pattern was PSO, which was found in 34 (25.4%) 
participants, 12 showing fungal growth. A clinical 
pattern of CO was noted in 28 (20.9%) partici-
pants, 22 showing fungal growth; WSO was noted in  
10 (7.5%) participants, 2 showing fungal growth. 

Of 96 culture-positive cases, dermatophytes 
were the most common pathogens isolated in  
56 (58.3%) participants, followed by Candida species
in 28 (29.2%) participants. Nondermatophyte 
molds were isolated in 12 (12.5%) participants. 
The various dermatophytes, Candida species, and 
nondermatophyte molds that were isolated on fun-
gal culture are outlined in Table 3. Of the 96 partici-
pants with positive fungal cultures, 30 (31.2%) were 
farmers working with soil, 28 (29.2%) were house-
wives associated with wet work, 16 (16.7%) were 
students associated with increased physical exercise 

from extracurricular activity, and 22 (22.9%) were 
in other occupations (Table 4).

Comment
The term onychomycosis is derived from onyx, the Greek 
word for nail, and mykes, the Greek word for fungus. 
Onychomycosis is a chronic mycotic infection of the 
fingernails and toenails that can have a serious impact 
on patients’ quality of life. The fungi known to cause 
onychomycosis vary among geographic areas, primarily 
due to differences in climate.14 The isolation rate of 
onychomycosis in our hospital-based study was 71.6%, 
which is in accordance with various studies in India 
and abroad, including 60% in Karnataka, India5; 82.3% 
in Sikkim, India6; and 86.9% in Turkey.1 However, 
other studies have shown lower isolation rates of 39.5% 
in Central Delhi, India,15 and 37.6% in Himachal 
Pradesh, India.16 Some patients with onychomycosis 
may not seek medical attention, which may explain 
the difference in the prevalence of onychomycosis 
observed worldwide.17 The prevalence of onychomy-
cosis by age also varies. In our study, participants older 
than 40 years showed the highest prevalence (47.8%), 
which is in accordance with other studies from India18 
and abroad.19,20 In contrast, some Indian studies15,21,22 
have reported a higher prevalence in younger adults 
(ie, 21–30 years), which may be attributed to greater 
self-consciousness about nail discoloration and dis-
figurement as well as increased physical activity and 
different shoe-wearing habits. A higher prevalence in 
older adults, as observed in our study as well some other 
studies,19,21 may be due to poor peripheral circulation, 
diabetes mellitus, repeated nail trauma, longer expo-
sure to pathogenic fungi, suboptimal immune function, 
inactivity, and poor hygiene.10

 
Table 1. 

Direct Microscopy and Fungal Culture Results in the Diagnosis of  
Onychomycosis (N134) 

Fungal Culture Result

Direct  
Microscopy Result Positive, n (%) Negative, n (%) Total, n (%)

KOH positive, n (%) 64 (47.8) 12 (9.0) 76 (56.7)

KOH negative, n (%) 32 (23.9) 26 (19.4) 58 (43.3)

Total, n (%) 96 (71.6) 38 (28.4) 134 (100)

Abbreviation: KOH, potassium hydroxide.
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Table 2. 

Participant Demographics 

                                  No. of Participants

Characteristic Male (n78) Female (n56) Total (N134)

Age, y

 20 12 4 16

 20–40 36 18 54

 40 30 34 64

Age range, y 10–78 18–60 10–78

Mean age, y 44 39 44

Occupation

 Farmer 44 0 44

 Housewife 0 42 42

 Student 18 2 20

 Other 28 0 28

 
Table 3. 

Fungal Isolates Observed By Clinical Pattern 

Clinical Pattern, n

Organism
DLSO 
(n66)

PSO 
(n34)

CO 
(n28)

WSO 
(n10)

Total 
(N134)

Trichophyton mentagrophytes 28 0 0 0 28 

Trichophyton rubrum 18 0 0 0 18 

Trichophyton violaceum 6 0 0 0 6 

Epidermophyton floccosum 2 0 0 0 2 

Microsporum species 2 0 0 0 2 

Candida albicans 4 2 10 0 16 

Candida parapsilosis 0 0 7 0 7 

Candida tropicalis 0 0 5 0 5 

Aspergillus niger 0 6 0 2 8 

Fusarium solani 0 2 0 0 2 

Alternaria alternata 0 2 0 0 2 

Total 60 12 22 2 96 

Abbreviations: DLSO, distal lateral subungual onychomycosis; PSO, proximal subungual onychomycosis; CO, candidal onychomycosis; 
WSO, white superficial onychomycosis.
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In our study, suspected onychomycosis was more 
common in males (58.2%) than in females (41.8%). 
These results are in accordance with many of the 
studies in the worldwide literature.1,10,11,15,16,23-25 A 
higher isolation rate in males worldwide may be 
due to common use of occlusive footwear, more 
exposure to outdoor conditions, and increased 
physical activity, leading to an increased likelihood 
of trauma. The importance of trauma to the nails 
as a predisposing factor for onychomycosis is well 
established.24 In our study, the majority of males 
wore shoes regardless of occupation. Perspiration of 
the feet when wearing socks and/or shoes can gen-
erate a warm moist environment that promotes the 
growth of fungi and predisposes patients to onycho-
mycosis. Similar observations have been reported 
by other investigators.21,22,25,26

The incidence of onychomycosis was almost 
evenly distributed among farmers, housewives, and 
the miscellaneous group, whereas a high isolation 
rate was noted among students. Of 20 students 
included in our study, onychomycosis was confirmed 
in 16, which may be related to an increased use of 
synthetic sports shoes and socks that retain sweat as 
well as vigorous physical activity frequently result-
ing in nail injuries among this patient population.11 
Younger patients may be more conscious of their 
appearance and therefore may be more likely to seek 
treatment. Similar observations have been reported 
by other researchers.15,21,22 

In our study, dermatophytes were the most com-
monly found pathogens (58.3%), which is compara-
ble to other studies.15,18,22 Trichophyton mentagrophytes 
was the most frequently isolated dermatophyte  
from cultures, which was in concordance with a  
study from Delhi.15 In some studies,18,20,22 
Trichophyton rubrum has been reported as the 

most prevalent dermatophyte, but we identified 
Trichophyton rubrum in only 18 participants, which 
can be attributed to variations in epidemiology 
based on geographic region. Nondermatophyte 
molds were isolated in 12.5% of participants, with 
Aspergillus niger being the most common isolate 
found in 8 cases. Other isolated species were 
Alternaria alternata and Fusarium solani found in 
2 cases each. Aspergillus niger has been reported 
in worldwide studies as an important cause of 
onychomycosis.15,18,19,21,22 

In 28 cases (29.2%) involving Candida spe-
cies, Candida albicans, Candida parapsilosis, and 
Candida tropicalis were the most common pathogens, 
respectively, which is in accordance with many 
studies.15,20-22,25 In 28 cases of CO, females (n16) 
were affected more than males (n12). All of the 
females were housewives and C albicans was pre-
dominantly isolated from the fingernails. Household 
responsibilities involving kitchen work (eg, cutting 
and peeling vegetables, washing utensils, clean-
ing the house/laundry) may chronically expose  
housewives to moist environments and make them 
more prone to injury, thus facilitating easy entry of 
fungal agents.

Distal lateral subungual onychomycosis was the 
most prevalent clinical type found (n66), which is 
comparable to other reports.20,22,25 Proximal subun-
gual onychomycosis was the second most common 
type; however, a greater incidence has been reported 
by some researchers,23,24 while others have reported 
a lower incidence.20,21 Candidial onychomycosis and 
WSO were not common in our study, and PSO was 
not associated with any immunodeficiency disease, 
as reported by other researchers.15,20

Of 134 suspected cases of onychomycosis,  
71.6% were confirmed by both direct microscopy 

 
Table 4. 

Fungal Etiology of Onychomycosis By Occupation 

Occupation, n

Fungal Etiology Farmer Housewife Student Other Total

Dermatophytes 26 6 8 16 56 

Nondermatophyte 
molds

2 6 2 2 12 

Yeasts 2 16 6 4 28 

Total 30 28 16 22 96
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and fungal culture, but only 56.7% were confirmed 
by direct microscopy alone. If we had relied on 
microscopy with potassium hydroxide only, we would 
have missed 23.9% of cases. Therefore, nail scrap-
ings should always be subjected to fungal culture as 
well as direct microscopy, as both are necessary for 
accurate diagnosis and treatment of onychomycosis. 
If onychomycosis is not successfully treated, it can 
act as a reservoir of fungal infection affecting other 
parts of the body with the potential to pass infection 
on to others.

Conclusion
Clinical examination alone is not sufficient for 
diagnosing onychomycosis14,18,20; in many cases of 
suspected onychomycosis with nail changes, myco-
logic examination does not confirm fungal infec-
tion. In our study, only 71.6% of participants with 
nail changes proved to be of fungal etiology. Other 
researchers from different geographic locations 
have reported similar results with lower incidence  
(eg, 39.5%,15 37.6%,16 51.7%,18 45.3%21) of fungal 
etiology in such cases. Therefore, both clinical and 
mycologic examinations are important for establish-
ing the diagnosis and selecting the most suitable 
antifungal agent, which is possible only if the under-
lying pathogen is correctly identified.
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