
Introduction
Onychomycosis, the most common cause

of abnormal nails (1), is often evasive of a
laboratory diagnosis. The conventional di-
agnostic techniques, including direct mi-
croscopy and fungal culture, have time and
again proven to be ineffective in a large
number of cases (2, 3). In practice, a diag-
nosis of onychomycosis is usually made with
the help of suggestive morphological find-
ings, plus at least one positive laboratory test

result, either direct microscopy or culture
(2). Failure to diagnose onychomycosis ac-
curately may result in administration of un-
necessary long-term antimycotic therapy to
the patient, with antecedent cost and unto-
ward effects. Nail histopathology is a useful
adjuvant in the diagnosis of onychomycosis
(2, 4). Other than sporadic reports, no com-
prehensive studies have been carried out in
this regard as far as ascertained. We evaluat-
ed the clinical and mycological profile in
120 onychomycosis patients using conven-
tional methods (direct microscopy with
KOH and culture) supplemented by
histopathological examination of the nail
unit in patients consenting to nail biopsy, so
as to assess the usefulness of this procedure
in improving diagnostic efficacy.

Patients and Methods
One hundred and twenty consecutive patients
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Abstract

Onychomycosis is the most common cause of deformed nails. It is often confused clini-
cally with other nail diseases such as psoriasis. A cross sectional study was carried out in 120
clinically suspected onychomycosis patients to assess the diagnostic utility of nail unit
histopathology. The majority of the patients were males (72.5%) in the age group of 20–40
years (55%). Involvement of fingernails alone (37.5%) was found to be more common
than toenails (12.5%). Distal and lateral subungual onychomycosis [DLSO] (76.6%) was
the predominant morphological type noted. Direct microscopy with 10% potassium hy-
droxide (KOH) preparation revealed fungal filaments in 82.5% of the cases. Mycological
culture on Sabouraud’s dextrose agar with and without cycloheximide indicated fungal
isolates in 44% of the cases, with Trichophyton mentagrophytes being the most common
isolate (38.3%). The combined approach with KOH preparation and culture showed the
evidence of fungus in 103 cases (85.8%). Of the rest of the 17 cases in whom both these
procedures failed to confirm a diagnosis, nail unit biopsy was carried out in 15 consenting
patients. Fungal hyphae (better demonstrable on PAS staining) were evident in 14 cases
(93.3%). Other histopathological features observed among these patients were subungual
hyperkeratosis, neutrophilic infiltrate, parakeratosis, hemorrhage, and serum crusts. We
concluded that histopathological examination of nails is a valuable diagnostic aid in ony-
chomycosis, especially if routine parameters fail to establish a diagnosis.
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of either sex with nail changes clinically sugges-
tive of onychomycosis who attended the derma-
tology outpatient department of a tertiary level
teaching hospital were enrolled in the study.

A detailed history was obtained in all the cases
to elicit disease chronology and any predispos-
ing factors, including occupation, history of
trauma, and exposure to topical cosmetics or
medications. Careful clinical examination of the
nails was undertaken to assess the extent and
number of nails involved and the type of nail
changes. A diagrammatic representation of the
same was recorded. Patients were classified into
various morphological forms of onychomycosis:
DLSO, proximal subungual onychomycosis
(PSO), superfical white onychomycosis (SWO),
and total dystrophic onychomycosis (TDO). All
of them were then subjected to routine diagnos-
tic investigations including direct microscopy of
10% KOH preparation and fungal culture.

Samples were obtained from underneath the
nail plate (for DLSO), from the surface (for
SWO), or after paring the proximal nail plate
(for PSO). Each patient underwent sampling of
at least one infected nail or more when available
to obtain sufficient material.

The samples were kept in 10% KOH over-
night and examined with a microscope under
low power (10×) after setting the condenser at a
low position.

Culture was carried out on Sabouraud’s dex-
trose agar medium with and without cyclohex-

imide for a minimum period of four weeks befo-
re declaring a negative result. Whenever the cul-
ture was positive for fungal growth, the species
was determined with the help of microscopy and
a subculture, if required. When a non-dermato-
phyte was isolated, direct microscopy and cul-
ture were repeated to exclude a false positive re-
sult.

Nail unit biopsies were contemplated in pa-
tients where the routine direct microscopy and
culture did not reveal presence of fungus. After
carrying out the routine preoperative check up,
the patients were subjected to various types of
nail biopsy depending on the part of the nail
unit involved. The affected digit was anaes-
thetized with a ‘ring block’ (at the base of the
digit) using a 30 gauge needle and 2% ligno-
caine solution without adrenaline. In cases of in-
adequate anesthesia even after waiting for 10
minutes, a distal ‘wing block’ (in the proximal
and lateral nail fold was used. The digit was then
exsanguinated from the distal towards the prox-
imal part, and a tourniquet was tied at the base
of the digit to achieve complete hemostasis and
a relatively avascular operating field.

An appropriate type of nail biopsy was carried
out depending on the provisional diagnosis (as
marked in Fig. 1). In cases with DLSO showing
significant distal onycholysis, the distal onychol-
ysed nail plate (>3 mm in size) was clipped with
an English nail splitter (Biopsy A). In cases of
TDO or where onycholysis was not marked, the
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Fig. 1. Sagittal section of a
nail showing onychomyco-
sis with subungual hyperk-
eratosis and distal ony-
cholysis. Various techniq-
ues of nail biopsy are dem-
onstrated
A: Punch biopsy, B: Distal
nail avulsion, C: Nail plate
biopsy
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nail plate biopsy was done using the technique
of distal avulsion or hemi avulsion, where a nail
spatula was used to separate the nail plate from
the nail bed (Biopsy B). Nail bed biopsy (punch
biopsy) was carried out for cases of PSO. A 4 mm
punch was driven through the nail plate down to
the periosteum, and the resulting tissue was ele-
vated and excised with an iridectomy scissors
(Biopsy C). The biopsy specimens were kept
overnight in 10% buffered formalin to fix the
tissue and later in 3% phenol for 5 days to
achieve a softened nail plate and to faciltate the
cutting of 5µ sections (5). Subsequently, the sec-
tions were stained with hematoxylin and eosin as
well as periodic acid Schiff stain. The pertinent
details of histopathological examination were
compiled and correlated with clinical findings
to establish the diagnosis.

Table 1. Distribution of patients with 
onychomycosis according to

clinical features (n=120)

% of
patients

No. of 
patientsClinical feature

 93.3112Subungual
hyperkeratosis

 86.6104Distal onycholysis
 8096Discoloration
 11.614Leukonychia
 6.68Pachyonychia
 3.34Onychorrhexis
 1.62Pitting
 1.62Onychoschizia
 0.831Micronychia
 0.831Beau’s lines
 0.831Koilonychia

Table 2. Distribution of onychomycosis  
patients according to clinical pattern

of involvement (n=120)

% of
patients

No. of 
patients

Type of
onychomycosis

 76.692Distal and lateral 
subungual onycho-
mycosis (DLSO)

 13.316Total dystrophic 
onychomycosis 
(TDO)

 2.53Proximal subun-
gual onychomycosis 
(PSO)

 2.53Superficial white 
onychomycosis 
(SWO)

 0.831Dermatophytoma
 1.62DLSO+PSO
 0.831DLSO+SWO

Table 4. Results of fungal culture in 
cases of onychomycosis (n=120)

% of
patients

No. of
patientsCulture result

 5673No growth
 4447Growth present
 38.318Trichophyton

mentagrophytes
 21.210Trichophyton

rubrum
 10.65Trichophyton

schoenlenii
 14.87Candida albicans
 4.22Aspergillus niger
 4.22Aspergillus

fumigatus
 2.11Aspergillus flavus
 2.11Mucor
 2.11Penicillium

Table 3. Mycological evaluation of onychomycosis patients (n=120)

% positivityNegativePositiveNo. of samplesInvestigation

82.50%2199120Direct microscopy
39.16%7347120Culture
93.3 % 114 15Histopathology
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Results
In our series, the majority of patients were

males (72.5%) and the predominant age
group affected was 20–40 years (55%). Only
8.3% of patients were above the age of 60
yrs. Overall, 85.8% were from urban areas
and 53.3% belonged to the lower middle in-
come group. Housewives (17.5%) and la-
borers (15.8%) constituted the largest occu-
pation groups. These were followed by exec-
utives (13.3%), students (13.3%), farmers
(8.3%), and skilled workers (8.3%). Aggra-
vating factors noted in the order of prefer-
ence included palmoplantar hyperhidrosis
(44.16%), trauma (22.5%), housework
(17.5%), farming or gardening (11.6%), tai-
loring (9.16%), wearing shoes (4.16%), and
nail biting (4.16%).

Associated fungal infections of the skin
were seen in 37.5% in the form of tinea

mannum (14.16%), tinea pedis (8.3%),
tinea mannum et pedis (8.3%), and exten-
sive tinea corporis (6.6%). A family history
of onychomycosis was present in 5.8% of the
patients. Subungual hyperkeratosis was the
most common clinical finding (93.3%) fol-
lowed by distal onycholysis (86.6%) and dis-
coloration of the nail plate (80%) (Table 1).

Various clinical types of onychomycosis
were encountered during this study (Table
2) with DLSO being the most common
(76.6%). A single case of dermatophytoma
was also seen. It is a subtype of DLSO which
shows a concentrated focus of fungal ele-
ments with yellowish spikes (6). Three cases
each showed a pattern of PSO and SWO
(2.5%). Nails were completely destroyed in
13.3% of patients (TDO).

Most of the patients presented with one
or two nails involvement (55.7% cases); in
only 2.5% of them, all 20 nails were affected.
Out of 105 cases showing hand nail involve-
ment, 64 cases (61%) had involvement of a
single hand; the dominant one was involved
in 37 cases (58%). Nail involvement was
seen in hands (37.5%), feet (12.5%), and
both hands and feet (50%).

Mycological evaluation was done in all
120 cases by two different methods. Direct
microscopy with 10% KOH and isolation on
culture revealed the evidence of fungal hy-
phae and spores in 99 (82.5%) cases and 47
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Fig. 2. Sagittal section of onychomycosis show-
ing onycholysis with extensive subungual hy-
perkeratosis (H & E ×60).

Fig. 3. Fungal pseudohyphae seen  in the nail
plate (PAS ×400).
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(39.16%) cases, respectively (Table 3). In
44% of the patients, a fungal growth could
be detected with Trichophyton mentagrophytes
(38.3%) being the most commonly grown
organism followed by T.rubrum (21.2%),
T.schoenlenii (10.6%), and others (Table 4).

Using both the modalities (i.e. 10% KOH
and culture) concurrently, the diagnosis
could be confirmed in 103 cases (85.8%
positivity). Of the remaining 17 cases, nail
histopathology was done in 15 consenting
patients (10 nail plate and 5 punch biop-
sies). Fungal hyphae could be detected both
on H&E and PAS staining in 14 patients
(93.3% positivity) (Fig. 3). Extensive subun-
gual hyperkeratosis, parakeratosis, hemor-
rhage, serum crusts, and a perivascular neu-
trophilic infiltrate in the dermis were found
to be the other prominent histopathologic
features (Fig. 2). A combined approach with
KOH, culture and histopathology was help-
ful in confirming the diagnosis in 117 out of
118 patients (99.15%).

In cases in whom we resorted to nail bed
biopsy, the normal nail grew within 3–6
months. Secondary infection was seen in 2
cases (13%). No scarring or dystrophy was
noted with either avulsion or biopsy of the
nail plate, and the normal nail growth re-
sulted with specific antifungal therapy. On
the whole, the nail biopsy was found to be a
simple, safe, and useful procedure.

Discussion
Onychomycosis is a mycotic disease of the

nail unit caused by dermatophytes, yeasts,
and molds. Dermatophyte infection of the
nail unit (tinea unguium) is the most com-
mon type (91%) (7). Candida is responsible
for 5.5% and non-dermatophyte molds for
3% of the cases. An overall prevalence of
1.5–8% in the general population has been
found (8); this may exceed 90% in the el-
derly (9). No significant difference in the
prevalence of onychomycosis has been
found with respect to sex distribution (10).
However, a male preponderance has been
noted for onychomycosis in several Indian
studies (11) including the present series.

The prevailing circumstances in India,
where males are involved more frequently
in manual labor with consequent exposure
to physical trauma along with usage of oc-
clusive footwear than women, may be re-
sponsible for this anomaly. Our data re-
vealed that onychomycosis is common in
young subjects in the age group of 20–40
years (55%). This is in contrast to the earlier
observations that this condition is more
common in the elderly individuals (9). In-
creased cosmetic concern among young-
sters with concurrent liberal use of nail cos-
metics in recent years may be responsible
for this variation.

Predisposing factors for onychomycosis
include excessive perspiration, hyperhidro-
sis of feet, tight fitting footwear, trauma to
nails, diabetes mellitus, immunosuppres-
sion, and poor peripheral circulation. Some
occupations such as, housekeeping facilitate
this infection because of frequent exposure
to water and detergents; housewives consti-
tited the single largest group (17.5%) in our
study. Occupational trauma may account for
increased incidence in laborers, who com-
prised 15.8% of our patients. Onychomyco-
sis may constitute a reservoir of infection
and may be responsible for spread of infec-
tion to other sites. This is amply established
in our patients among whom concurrent
dermatophyte infections of skin were ob-
served in 37.5% of cases. Similar findings
were noted in other studies (23.3% cases)
(11).

Clinically, onychomycosis may present in
various morphological forms. DLSO is the
most frequently encountered type (11, 12)
and may progress to TDO. Severe cases may
show yellow spikes which represent concen-
trated foci of fungal elements (dermatophy-
toma) (6). PSO is a less common pattern,
seen in HIV patients, and affects the nails of
toes and fingers equally. SWO is generally
seen in the elderly and affects the toenails.
Candida commonly affects nails damaged
by other conditions, as in cases of onycholy-
sis, chronic paronychia, and psoriasis. True
candidal onychomycosis is a rare condition,
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seen in immunosuppressed patients e.g.
chronic mucocutaneous candidiasis (CMC),
and HIV infection. Various non-dermato-
phyte molds e.g. Scopulariopsis brevicaulis, Scy-
talidium dimidiatum (13) and hyalinum, As-
pergillus species (14), Fusarium species or
Onychocola canadensis (15) may invade the
nail under certain special conditions. The
incidence of these infections has risen in re-
cent years (16). The predominant clinical
pattern observed in our study was DLSO
(73.3% cases), which is in agreement with
the reports by Vinod et al. (11) and Gupta et
al. (12). The number of nails involved from
one (55.9%) to all twenty nails (2.5%).
Among the individual nails affected, the
thumbnails and great toenails were seen to
be more frequently involved in several stud-
ies (11), including the present series. This
may be explained on the basis of the larger
size of these nails which predisposes them to
an increased risk of trauma.

The diagnosis of onychomycosis must be
confirmed in a dystrophic nail before start-
ing treatment. The standard for establishing
the diagnosis has long been based on mor-
phology of the nails plus at least one positive
result of laboratory tests, either fungal cul-
ture or direct microscopy. Culture is useful
in KOH negative cases. Thus it is essential to
perform both direct microscopy and culture
on all speciments (17).

Mycological evaluation of onychomycosis
has revealed widely varying success rates in
different studies (10–80%). Fungal evi-
dence on direct microscopy with 10% KOH
was seen in 82.5% of our patients. However,
much lower positivity has been recorded by
Ellis (10–40%) (3), Gupta et al. (63.3%)
(12) and Gianni et al. (59.3%)(4). This has
been attributed to poor sampling (with
10–30% samples being described as inade-
quate by laboratory personnel)(3).

Similarly, the isolation rate on culture has
varied from 20–60% in various studies (60%
by Vinod et al. (11), 30% by Ellis (3),
20–40% by Ramesh et al. (17), 52.3% by Gi-
anni et al. (4), and 40% in the present study.
Trichophytpn rubrum has been observed to be

the common pathogen in a number of stud-
ies (11). This is in contrast to the observa-
tions in the present study wherein Trichophy-
ton mentagrophytes was the most common or-
ganism isolated. Regional variations in the
prevalence of various dermatophyte species
could be responsible for this result.

Histopathological observation of hyphae
or spores in a nail plate is a particularly use-
ful method because  up to 50% of the cases
may be negative on direct microscopy and
culture (18). The spores or hyphae are char-
acteristically located in the cornified layers
of the nail bed, deeper portion of the nail
plate or the hyponychium. Some workers
even advocate a routine histopathological
examination of nail plate specimens be-
cause it confirms the diagnosis (the nail
plate is actually invaded) and reduces the
false positive direct reports in which the fun-
gus is cultured from a microscopically nega-
tive nail (19). However, a wide variation in
the success rate of histopathology has been
seen in various studies published in recent
literature. Gianni et al. (4) recorded a suc-
cess of 54.6% while Lawry et al. (2)(85%)
and Suarez et al. (19)(100%) achieved
much higher success rates.

In patients, wherer the direct microscopy
with 10% KOH and culture were negative
for fungus, clinical diagnosis of onychomy-
cosis was confirmed with the help of
histopathological examination in 14 out of
15 cases (93.3%), for which we carried out a
nail biopsy. These observations confirm the
role of nail unit histopathology in establish-
ing a diagnosis, especially in cases that have
been missed by conventional diagnostic
methods. Further, it is impotant to note that
a histopathological examination of a part of
the avulsed nail plate alone was sufficient
and quite useful in providing details regard-
ing the fungal involvement of nail in cases
of DLSO or TDO, thus avoiding the need
for a more detailed biopsy of nail bed.

Conclusion
It is concluded that nail biopsy is useful in

confirming a diagnosis of onychomycosis
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when routine laboratory procedures (KOH
examination and culture) are non produc-
tive. However, the relative ease and sensitivi-
ty of the conventional methods still main-
tain an upper hand over routine histopa-
thology of the nail unit, despite the fact that
the latter is a relatively safe and useful pro-
cedure.
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