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Preface

Onychomycosis is the most common nail disorder that affects a very large number 
of patients worldwide. It is not just a cosmetic problem but an infection that requires 
treatment, and can cause important complications, particularly in patients with other 
commonly associated comorbidities such as diabetes or peripheral vascular 
diseases.

This book is designed as a very simple guide to help dermatologists, podiatrics, 
general practitioners, and nonmedical professionals to understand how onychomy-
cosis develops, to diagnose it early, and select the best diagnostic test and treatment 
depending on clinical presentation and patient’s characteristics. I have the pleasure 
to edit this book with two great friends and experts with special and unique skills in 
the field.

Dr. Tracey Vlahovic is Associate Professor at the Temple University School of 
Podiatric Medicine. She deals with onychomycosis daily and provides the very 
important podiatric knowledge and expertise. Dr. Roberto Arenas is an internation-
ally recognized opinion leader in mycology, and his contribution is very important 
to define gold standards for diagnosis and treatment of onychomycosis. I hope you 
will enjoy this book and utilize the information for the best quality of care of your 
patients.

Miami, FL, USA� Antonella Tosti, MD
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Chapter 1
Fungi and the Nails

Jeremy Brandon Freedman and Antonella Tosti

�Introduction

From a clinical perspective, nails are simply specialized keratin structures on the 
dorsal surfaces of our fingers and toes. To the average person, however, they repre-
sent so much more. Nails are protective, useful for grasping fine objects, perfect for 
scratching itches, and important to an individual’s overall appearance: people spend 
time cutting, filing, and sometimes decorating them in order to look “presentable.” 
Understanding that, it’s easy to see how diseases of the nail can have substantial 
physical and psychosocial consequences [1].

Key Features
•	 Fungal nail infections are incredibly common.
•	 The most common fungal pathogens of the nails are dermatophytes, but 

non-dermatophytic molds and yeasts can be implicated as well.
•	 Both the fungal species and their mechanism of invasion are major deter-

minants of clinical presentation.
•	 The most common pattern of fungal invasion is distal lateral subungual 

onychomycosis (DLSO).
•	 Keratin invasion is an important part of initiating and establishing a fungal 

nail infection. Unfortunately, the exact mechanisms are still not fully 
understood.

J.B. Freedman, BA • A. Tosti, MD (*)
Department of Dermatology and Cutaneous Surgery,  
University of Miami, Miami, FL 33136, USA
e-mail: JBFreedman@miami.edu; atosti@med.miami.edu
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Indeed, individuals with nail dystrophies often suffer from considerable pain and 
discomfort, can have difficulty walking, and are at risk for significant complica-
tions, including bacterial superinfection and cellulitis [2]. Moreover, recent studies 
have shown that those afflicted with certain nail dystrophies are often shunned in 
their personal and professional lives due to the unsightly disfigurement [3].

Although there are a variety of disorders (both cutaneous and systemic) that can 
affect the nails, more than half of all nail dystrophies are caused by fungal infections 
(onychomycosis) [4]. Unfortunately, fungal nail infections are often difficult to 
definitively diagnose, as many nail disorders (fungal and non-fungal alike) have the 
potential to cause a wide variety of nail abnormalities. Consequently, any given 
abnormality may be the manifestation of various diseases. Therefore, it’s important 
that any clinical suspicion of onychomycosis be confirmed with laboratory testing. 
Additionally, there are many species of fungi that can invade the nails and multiple 
mechanisms of fungal invasion, both of which can contribute to the clinical presen-
tation [5, 6].

While fungal infections of the nail are normally superficial and very rarely life 
threatening, many are particularly difficult to treat, and patients are often left either 
entirely without treatment or with incompletely cured infections and recurrences.

Since practically every patient who visits a physician’s office has nails, and the 
prevalence of onychomycosis can climb as high as 50 % in patients over 70 years of 
age [7], it is extremely likely that most physicians will encounter many cases of 
fungal nail infections during their years of practice. It makes sense, therefore, for 
every physician to have a good understanding of how fungus can affect the nails.

�State of Art

As mentioned, onychomycosis can be caused by different species of fungi, specifi-
cally dermatophytes, non-dermatophytic molds, and yeasts [8].

The vast majority of fungal nail infections are caused by dermatophytes (para-
sitic fungal organisms that feed on keratin) [9], particularly Trichophyton rubrum 
and Trichophyton mentagrophytes. Overall, those species are responsible for 
80–90 % of all fungal nail infections [10].

Other fungal pathogens that affect the nails are non-dermatophytic molds 
(NDMs), the five most frequently isolated organisms of which are Scopulariopsis 
brevicaulis, Fusarium species, Aspergillus species, Scytalidium dimidiatum, and 
Acremonium species [5, 11]. These infections often respond poorly to antifungal 
therapy and are difficult to cure [5]. Thankfully, they are relatively uncommon, with 
an estimated prevalence of approximately 10 % [11]. Their clinical presentation is 
very similar to that of dermatophyte onychomycosis, but in addition is typically 
associated with marked periungual inflammation and possible purulent discharge 
[5, 11, 12].

Rarely, onychomycosis can be caused by yeasts [13]. Candida onychomycosis is 
more common in fingernails, and generally occurs only in patients who are 

J.B. Freedman and A. Tosti
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immunosuppressed [12], particularly those with chronic mucocutaneous candidia-
sis (Fig. 1.1). Note that Candida is a component of the normal flora in humans, as 
well as a commensal of the skin, and commonly colonizes the underside of the nail 
without causing pathological effects [4, 6].

Aside from the multiple fungal culprits, there are also multiple routes of invasion 
that fungi can use to infect the nail. However, in order to properly understand the 
different mechanisms of fungal invasion, it’s important to first have a solid grasp of 
nail anatomy and the process of nail growth.

The nail consists of the nail matrix, the nail plate, the underlying nail bed, and 
the nail folds. The nail plate is composed of hard, keratinized cells which grow out 
of the nail matrix – the distal, visible part of which looks like a half-moon and is 
called the lunula – and emerges from beneath the proximal nail fold and cuticle 
(which protects the nail matrix from the environment), bordered on either side by 
the lateral nail folds. It extends along the nail bed, and is normally cut distally, just 
past the hyponychium (where the skin of the fingertip meets the nail bed), at the free 
edge of the nail (Fig. 1.2) [14, 15].

There are five generally accepted patterns of fungal nail infections, each utilizing 
a slightly different mechanism of invasion. They are: distal lateral subungual ony-
chomycosis (DLSO), superficial onychomycosis (SO), proximal subungual ony-
chomycosis (PSO), endonyx onychomycosis (EO), and total dystrophic 
onychomycosis (TDO) [16].

The most common form of fungal invasion of the nail is DLSO [4, 6]. This 
occurs when fungus invades the nail bed and undersurface of the nail plate via the 
hyponychium (usually as an extension of tinea pedis/manuum), and spreads proxi-
mally along the longitudinally oriented rete ridges of the nail bed.

SO was previously known as superficial white onychomycosis (SWO), but that 
term became too narrow once SO was found to present with other features (such as 
deep penetration, brown/black pigmentation, etc.) depending on the organism 
involved [6]. SO occurs when the fungus localizes superficially on the dorsal nail 

Fig. 1.1  Candida 
onychomycosis in a patient 
with chronic 
mucocutaneous candidiasis

1  Fungi and the Nails
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plate and forms colonies (seen as opaque, scaly plaques with distinct edges) that are 
easily scraped away. Some NDMs actually penetrate deeper into the nail plate, caus-
ing a deep, diffuse SO that can extend past the proximal nail fold and is visible 
through the cuticle [5, 17].

In PSO, the fungal elements invade the deeper, ventral aspect of the nail plate 
from the proximal portion of the nail and migrate distally, causing a patch or a band 
of leukonychia that moves distally with nail growth. PSO is a relatively uncommon 
subtype that can suggest the possibility of HIV infection or other types of immuno-
suppression [4]. It can also occur secondarily to paronychia (infection and 
inflammation of the nail folds) [6]. As mentioned above, when PSO is associated 
with periungual inflammation, we should suspect a mold infection.

EO occurs when the fungus invades the distal nail plate directly, without any 
involvement of the nail bed. This is a very rare presentation, characterized by nail plate 
invasion without subungual hyperkeratosis (because the nail bed is spared) [6, 16].

Besides those five general classifications, there are some patients that present 
with features from multiple forms of nail infection, called mixed pattern onychomy-
cosis (MPO) [6, 16]. The two most common examples of this are when a nail 
affected with DLSO develops SO as well (especially in an area where another toe 
overrides it) and when SO extends under the proximal nail fold, creating an increased 
risk of PSO.

Eventually, if the fungal infections are allowed to progress, the entire nail will 
become thick and dystrophic. This end-stage nail disease is referred to as total dys-
trophic onychomycosis (TDO) (Fig. 1.3) [4, 6, 16].

Before any of these classical presentations can occur, however, the fungus must 
first initiate and establish an infection. In order for it to do that, it needs to accom-
plish three steps: make contact, adhere to the stratum corneum, and invade the 
keratin layers [18]. We will examine how dermatophytes accomplish these steps.

The first phase occurs when an individual comes into contact with a contami-
nated surface or another affected individual. Naturally, certain areas of the body are 
more susceptible to infection than others, owing to anatomic and/or environmental 

NP 

NB 

HYP
NM 

PNF 

Fig. 1.2  This illustration 
of a sagittal section of the 
finger provides us with a 
visual of some internal and 
external details of nail 
anatomy. The nail plate 
(NP) grows out of the nail 
matrix (NM) and extends 
along the nail bed (NB). It 
is bordered proximally by 
the proximal nail fold 
(PNF) and distally by the 
hyponychium (HYP)

J.B. Freedman and A. Tosti
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factors such as humidity, temperature, pH, etc. Understanding this helps to explain 
the greatly increased frequency of toenail compared to fingernail onychomycosis (a 
ratio of 19:1) [19]. The warm, moist, confined environment provided by our occlu-
sive footwear, combined with slower toenail than fingernail growth and less blood 
flow to the area, all combine to make the feet and toes specifically vulnerable. There 
are also patients with a general predisposition to contracting onychomycosis due to 
genetic factors [20–22].

After contact is made, the fungal arthroconidia (a primitive spore type, formed 
by fragmentation or disarticulation of existing hyphae) spend the next few hours 
(between 2 and 12) completing the second phase: adhering to the outer layer of the 
skin [18, 23]. Regrettably, little is known about the specific factors that mediate 
dermatophyte adherence [23]. We know the fungal arthroconidia produce both 
short and long adhesive fibrils that anchor them to the tissue surface and that the 
fungus secretes proteases that may modify both the surface of the epithelial cells 
and the fungus itself, inducing conformational changes that potentially facilitate 
adherence [18, 23, 24]. We also know dermatophytes express certain adhesins 
specific for carbohydrates present on the skin surface – but these have not been 
sufficiently investigated for us to determine what, if any, role they play in adher-
ence [18, 23].

It’s important to note the resilience of the arthroconidia, as they are often the pri-
mary form involved in the spread of infection. Since they have thicker cell walls and 
no immediate exogenous nutritional requirements, they can persist in the environ-
ment, even under what would otherwise be hostile conditions [25, 26]. Additionally, 
fungal spores are greatly resistant to antifungal medication, requiring a dose 10–1000 
times higher than that necessary to kill growing hyphae cells [25, 27]. This is one of 
the contributing factors to the high recurrence rate of onychomycosis: treatment 
often fails to eradicate the resistant arthroconidia, and a reservoir of infection is left 
behind [25, 28].

Once the dermatophytes have adhered to the stratum corneum, they release 
enzymes (keratinases, lipases, nonspecific proteases, etc.) which have their optimal 

Fig. 1.3  Total dystrophic 
onychomycosis. Note the 
severe concomitant tinea 
pedis

1  Fungi and the Nails
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activity at the pH level of the human skin [29]. This begins the third and final phase, 
by helping the germinating arthroconidia’s fungal hyphae penetrate the host tissue 
and scavenge for nutrients, digesting keratin into shorter peptides and amino acids 
to be assimilated [23, 29]. However, much of the process of fungal invasion, like the 
process of fungal adherence, is still not fully understood [23].

Unfortunately, the value of animal models in helping us understand dermato-
phyte infections is limited, as they do not perfectly mirror human infections [30]. 
Furthermore, most human dermatophyte infections are caused by T. rubrum, which 
specifically requires a human host. Animal models can still be useful, though, for 
evaluating diagnostic procedures and testing new treatments [30].

�Outlook: Future Developments

Treating onychomycosis is problematic for a variety of reasons. Oral therapy is 
more effective than topical therapy, but it’s expensive, requires monitoring for toxic-
ity, and can result in multiple drug interactions. Topical therapy is a long process 
that often requires nail debridement and multiple return visits and still delivers a 
relatively poor success rate. The very nature of the hard, protective nail plate itself 
makes it difficult for topical drugs to reach the fungal pathogens beneath it.

Thankfully, recent studies have offered insights that may improve our topical 
treatment options. For example, a new study has definitively shown that structural 
changes which occur during fungal infections cause the nail plate to become more 
permeable to small, hydrophilic molecules [31]. This is important information, as 
currently, most topical drugs are delivered in a relatively lipophilic substrate and do 
not take full advantage of the increased permeability.

Additionally, although the process of dermatophyte fungal infection (specifically 
adhesion and invasion) might not yet be fully understood, studies are currently 
underway in an effort to analyze the dermatophyte genome and their gene expres-
sion profile during infection in order to build a basis for the development of new 
drugs for treatment and prevention [23].

Summary for the Clinician
Onychomycosis is a very common infection that can be caused by a variety of 
fungal species. The vast majority of cases are caused by dermatophytes, but 
non-dermatophytic molds and yeasts can be implicated as well.

Fungi can invade the nail using multiple mechanisms, and that will affect 
the clinical presentation of the disease. It’s important to properly distinguish 
between the different types, as treatment differs depending on the fungal spe-
cies and mechanism of invasion.

Research is ongoing into the exact mechanisms of fungal adhesion and 
invasion. Hopefully, those discoveries will lead to improved treatments.

J.B. Freedman and A. Tosti
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Chapter 2
Predisposing Factors for Onychomycosis

Audrey A. Jacobsen and Antonella Tosti

�Introduction

Onychomycosis is the most prevalent nail disease, representing up to 50 % of all 
nail problems and 30 % of all dermatophytoses [1]. It is estimated that over 10 mil-
lion individuals suffer from onychomycosis in the United States [2], affecting 
between 2 and 26 % of the general population [2–6]. In Europe, tinea pedis and 
onychomycosis are estimated to affect a quarter of individuals [7]. Onychomycosis 
causes a significant burden on quality of life, causing high rates of embarrassment 
and other psychological sequelae [8–10], in addition to physical costs including 
pain and loss of dexterity [11].

Key Features
•	 Onychomycosis is the most prevalent nail disease with a significant burden 

on quality of life.
•	 Age is the principal non-modifiable risk factor for onychomycosis 

development.
•	 Medical conditions such as diabetes, HIV infection, immunosuppressed 

states, concurrent tinea pedis, and peripheral artery disease increase the 
risk for onychomycosis.

•	 Physical and environmental factors that increase risk include obesity, cer-
tain athletic activities, and possibly smoking.
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Onychomycosis is caused most commonly by dermatophytes followed by yeasts, 
then non-dermatophytic molds [12]. The predisposing factors, as well as the factors 
for relapse and reinfection, are important for clinicians to understand to optimize 
management strategies for at-risk individuals. Predisposing factors include genetic 
and non-modifiable risk factors, medical conditions, and physical and environmen-
tal influences (Table 2.1).

�State of Art

�Genetic and Non-modifiable Risk Factors

Age is the principal non-modifiable risk factor for the development of onychomyco-
sis. The prevalence of onychomycosis increases significantly with age [13].

Estimates range from 15 to 47.7 % [8, 14, 15] in the elderly, compared to 0.44–
0.6 % [8, 16] of children and 10–20 % [8] of adults. Poor peripheral circulation, 
repetitive nail trauma, diminished immune response, slower nail growth, and dura-
tion of exposure to fungi have been suggested as reasons for this age disparity [8]. 
However, while children experience the lowest prevalence, it is more often 

Clinical Pearls (Table 2.1)

Table 2.1  Predisposing factors for onychomycosis

Category Factors cited in the literature

Genetic and non-
modifiable risk factors

Older age [8, 13–15]
Male sex [13]
Parent or child with onychomycosis [13]
Autosomal dominant pattern of inheritance in distal 
subungual onychomycosis [18–21].
HLA-DR53 [22] and HLA-DR6 [23] may confer protection
ICAM-1 deficiency in chronic nail candidiasis [25]
Single nucleotide polymorphism in the Dectin-1 gene [26]

Medical conditions Diabetes [27–31]
Immunosuppression [13, 18, 33, 35]
HIV infection [18, 33, 34]
Concurrent tinea pedis infection [13, 36]
Psoriasis [13, 37, 38]
Peripheral arterial disease [40–42]
Venous insufficiency [41, 43]

Physical and 
environmental factors

Athletic activity, especially swimming [2, 13, 44, 45]
Nail trauma [8]
Obesity [8, 46]
Smoking [40]
Increased prevalence of opportunistic fungal pathogens in 
the environment [47]

A.A. Jacobsen and A. Tosti
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Fig. 2.1  Distal lateral subungual onychomycosis due to T. rubrum in two sisters

misdiagnosed in them [2]. Lastly, gender also plays a role; most studies have found 
a higher prevalence in males [13].

Genetic factors, such as inheritance patterns, the role of human leukocyte antigens 
(HLA), and intensity of immune response [17], have also been studied as potential 
predisposing factors. Distal subungual onychomycosis caused by T. rubrum shows 
an autosomal dominant pattern of inheritance (Fig. 2.1) [18–21]. Having a parent or 
child with onychomycosis has also been shown to be a predisposing factor [13].

Several studies have identified a possible role of HLA in the immune response of 
T cells to fungal peptides; HLA-DR53 [22] and HLA-DR6 [23] may confer protec-
tion. However, studies of the role of HLA are inconsistent as another study sug-
gested HLA-controlled immunity is unlikely [24]. Other genetic risk factors may 
include ICAM-1 deficiency in familial chronic nail candidiasis [25]. Additionally, 
an allele of the Dectin-1 gene with a single nucleotide polymorphism was identified 
in a family with a propensity for onychomycosis and vulvovaginal candidiasis [26].

�Medical Factors

Acquired medical conditions are significant predisposing factors for onychomyco-
sis. Comorbid cutaneous, vascular, endocrine, infectious, and oncologic conditions 
have all been implicated [8]. For example, diabetics have a significantly higher 

2  Predisposing Factors for Onychomycosis
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likelihood of developing onychomycosis [27, 28], with an estimated one third of 
diabetics affected (Fig. 2.2) [27, 29]. In patients with diabetic foot complications, 
the prevalence is even higher, with 53.3 % of patients affected in one study [30]. 
Additionally, onychomycosis in diabetics can lead to serious complications includ-
ing limb-threatening infections due to the micro- and macrovascular and neurologic 
sequelae of diabetes [29]. Diabetics are also prone to less common fungal organ-
isms including Aspergillus [31]. Lastly, there is some evidence that onychomycosis 
in diabetics may be resistant to treatment, but studies are conflicting [8, 32].

Immunosuppressed patients such as those with HIV [18, 33] or cancer [13] are 
also at increased risk of developing onychomycosis. Studies of HIV-infected 
individuals have estimated a prevalence of a quarter [33] to 30.3% [18, 34] com-
pared to 6.9 [33] to 12.6 % [34] of immunocompetent controls (Fig. 2.3). Associated 
factors in HIV-positive individuals include a CD4 count of 370 or less, family his-
tory, history of tinea pedis, use of swimming pools, and walking barefoot [33]. 
Proximal subungual onychomycosis is also more prevalent in immunosuppressed 
patients [33, 35]. Recurrent proximal subungual onychomycosis was identified in a 
patient with a defect in defect of polymorphonuclear chemotaxis [35]. There is also 
a risk of systemic dissemination in immunocompromised patients, particularly of 
Fusarium species [18]. Importantly, in patients with a compromised immune sys-
tem, the usual dose and treatment length may not be appropriate and drug interac-
tions may be an issue [18].

Fig. 2.2  Distal lateral 
subungual onychomycosis 
and tinea pedis in a 
diabetic patient
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Concurrent tinea pedis infection increases the risk of onychomycosis [13, 36]. 
Both the moccasin and interdigitalis form are implicated [13]. Tinea pedis is also 
associated with subclinical onychomycosis in which fungal organisms are 
isolated from the nails without any clinical manifestations. In a study of 35 
patients with tinea pedis, 6 cases (17 %) had subclinical onychomycosis com-
pared to 1 case (1.5 %) in the 66 control subjects [36]. Subclinical onychomyco-
sis is also common in diabetics and is associated with neuropathy and poor 
glycemic control [29].

Dermatophytic invasion of involved psoriatic nails is more common than previ-
ously thought (Fig. 2.4) [37]. The organisms isolated from patients with psoriasis 
are similar to those of the normal population, although the odds of having 
onychomycosis are greater than those of the same age and sex [13, 38]. However, in 
an in-patient setting, the prevalence of onychomycosis among patients with psoria-
sis may not be different from those with other skin disorders [39].

Fig. 2.3  Proximal 
subungual onychomycosis 
in a patient with HIV 
infection

Fig. 2.4  Distal lateral 
subungual onychomycosis 
and psoriasis
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Peripheral arterial disease and venous insufficiency are also thought to confer 
a greater risk for onychomycosis [40–42]. However, studies are conflicting. 
Ozkan et  al. found a significant increase in onychomycosis in patients with 
venous insufficiency but not in peripheral arterial disease [41]. This contrasts 
with a study by Fukunaga et al. who found a significantly higher proportion of 
onychomycosis in patients with peripheral arterial disease than those without 
[43].

Other medical conditions that may show an increased risk include angioedema, 
urticaria, and asthma [13]. However, these connections were not strong and are not 
confirmed by any additional studies.

�Physical and Environmental Risk Factors

Physical and environmental factors also play a role in the development of onycho-
mycosis. For example, frequent athletic activity appears to increase the risk of ony-
chomycosis [2, 44]. Athletes are more susceptible to developing toenail problems in 
general and onychomycosis is a common observance. However, the association 
between activity level and development onychomycosis is stronger in children and 
young adults than in older adults [2]. Swimming in particular has been associated 
with higher risk in several studies [13]; one study estimated the risk for toenail ony-
chomycosis was three times higher for swimmers than the general population [45]. 
Further, wearing airtight shoes for sports like running and cycling is often associ-
ated with onychomycosis [2, 8].

Other physical and environmental factors that may increase the risk of onycho-
mycosis include obesity [8, 46], nail damage [8], smoking [40], and prevalence of 
opportunistic fungal pathogens in a given environment [47]. Obesity may also nega-
tively affect treatment outcomes; in two studies, topical 10 % efinaconazole was 
less effective in overweight or obese patients [8]. The evidence for smoking is less 
clear as studies are conflicting. One study found no correlation, but had too few 
heavy smokers to make any significant conclusions [13]. Another study by Gupta 
et al. found an association in smokers who attended a vascular clinic. However, the 
risk odds ratio was much higher for those with peripheral arterial disease (4.8) com-
pared to those who smoked (1.9) [40].

�Outlook: Future Developments

The risk factors for relapse and reinfection are the same as the predisposing fac-
tors for onychomycosis [18]. However, the risk factors for dermatophytic infec-
tions are not the same as for mold onychomycosis. Moreover, no systemic or 
local predisposing factors for mold onychomycosis have been identified [48]. 
Important future directions will include recognizing any predisposing factors for 
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mold onychomycosis, if they exist, as well as optimizing or personalizing treat-
ment plans based on what underlying conditions and predisposing conditions 
patients have.
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Chapter 3
Distal Subungual Onychomycosis

Jeremy Brandon Freedman and Antonella Tosti

�Introduction

Distal lateral subungual onychomycosis (DLSO) is the single most common form 
of fungal nail infection and accounts for approximately 41 % of all nail abnor-
malities [1]. It is classically characterized by fungal invasion of the nail bed from 
under the free edge of the nail (the hyponychium), often as an extension of tinea 
pedis (Fig. 3.1). This causes subungual hyperkeratosis, thickening and discolor-
ation of the nail plate, and eventual onycholysis (detachment of the nail from the 
nail bed).

Although not life threatening, these ugly, unsightly nails are evidence of a decep-
tively complex condition that can cause considerable pain and make it difficult to 

Key Features
•	 More than 85 % of all fungal nail infections (onychomycosis) present as 

distal lateral subungual onychomycosis (DLSO).
•	 Major predisposing factors are age, diabetes, and peripheral vascular disease.
•	 The general clinical presentation of DLSO is discoloration of the nail, sub-

ungual hyperkeratosis, and onycholysis.
•	 DLSO is easy to confuse with other nail dystrophies that mimic its appear-

ance (i.e., trauma, psoriasis, lichen planus, etc.). Therefore, KOH, fungal 
culture, or PAS stain is necessary to confirm the diagnosis.

•	 Recurrence and reinfection are common.
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perform simple daily activities like walking and wearing shoes. Additionally, if 
allowed to progress, DLSO can cause significant complications, including bacterial 
superinfection and cellulitis.

Aside from the physical symptoms, it’s also important to keep in mind the pow-
erful psychosocial impact DLSO can have on quality of life. Many patients report 
feelings of severe embarrassment over the appearance of their fungal nails, prob-
lems with self-esteem, and social withdrawal [4, 5]. Recent surveys confirm that 
people who suffer from onychomycosis are more likely to be excluded from social 
activities, and are perceived by others as less likely to be able to form good relation-
ships as well as less likely to succeed at work [6].

Sadly, despite the potential complications and obviously diseased appear-
ance of infected nails, DLSO is often dismissed as “merely” a cosmetic problem 
and is commonly ignored or incompletely treated. This may have something to 
do with the fact that fungal infections of the nail are notoriously difficult to 
cure, partially due to factors inherent to the nail itself: the sluggish growth of 
the nail means diseased portions are slow to be replaced, and the hard, protec-
tive nail plate inhibits topical drugs from reaching the fungal pathogens on the 
nail bed beneath it. Also, patients are regularly plagued with recurrences and 
reinfections [2, 7], and, faced with a choice between oral systemic medications 
requiring laboratory monitoring for toxicity, or lengthy topical therapies that 
often require nail debridement and multiple return visits, many patients are – 
unsurprisingly  – noncompliant. This further complicates the course of the 
disease.

Although DLSO can occur in either the fingernails, toenails, or both, toenails 
are overwhelmingly more often affected, with a toenail to fingernail ratio of 19:1 
[1]. The vast majority of toenail fungal infections (greater than 90 % of cases) are 
caused by dermatophytes (parasitic fungal organisms that feed on keratin), but 
they can less frequently be caused by non-dermatophytic molds and yeasts. The 
causal organisms of fingernail onychomycosis are almost exclusively 
dermatophytes.

Fig. 3.1  This schematic 
illustrates the progression 
of fungal infection in 
DLSO, specifically how 
the fungus gains access to 
the nail bed via the 
hyponychium
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�Epidemiology

Unfortunately, it’s difficult to quantify the exact prevalence of DLSO, as estimates 
vary widely from study to study (ranging from 2 to 13 %) [1, 8–15]. This is partly 
because DLSO (and onychomycosis in general) is highly dependent on geographic 
location, and partly due to differences in study methodology, like the population 
source (e.g., were they patients who presented with nail complaints, or simply those 
in for regular checkups?). As a matter of fact, some have even suggested that – while 
it is undeniably common – the general prevalence of fungal nail infections has been 
slightly overestimated by hospital-based studies [10].

That being said, there has clearly been a steady upward trend in the past few 
decades. In 1979, a population study in North America reported the prevalence of 
onychomycosis to be just over 2 % [16]. Less than 20 years later, that number had 
jumped to more than 8.5 % [8]. More recently, a large multicenter study reported it 
to be 13.8 % [9]. Considering that DLSO accounts for greater than 85 % of all ony-
chomycosis cases, this directly translates into a rising incidence of DLSO.  This 
burgeoning growth can be tied to changes in the culture of modern society, first 
among them an increase in our use of occlusive footwear which provides a warm, 
moist, confined environment that is highly conducive to fungal growth. 
Onychomycosis prevalence (and, by extension, DLSO) has actually been shown to 
decrease in populations wearing nonocclusive footwear, like sandals [17]. Another 
factor in the spread of fungal infections like DLSO is the increasing popularity of 
public pools, fitness center locker rooms, etc., where wet floors provide favorable 
breeding grounds for fungi and people are often barefoot [18].

Multiple studies have noted that family members of patients infected with DLSO 
have a higher risk of contracting the disease [19]. Initially, it was believed that this 
higher risk was solely due to intrafamilial transmission, i.e., increased exposure to a 
reservoir of infection. However, more recent studies have indicated that DLSO has 
a genetic component: susceptibility to infection by Trichophyton rubrum appears to 
be inherited in an autosomal dominant pattern [20, 21]. Subsequent studies identi-
fied specific genotypes affecting the immune system that prevent “the production of 
a full adaptive immune response,” leaving these individuals susceptible to fungal 
overgrowth and chronic infections [22].

Additionally, several studies have observed that men are almost three times more 
likely to develop onychomycosis than women [23]. Although the reasons for this 
gender difference aren’t fully understood, it likely involves social and/or genetic 
factors.

Aside from culture, environment, and genetics, the greatest predisposing risk 
factor for DLSO appears to be advanced age, as several studies have shown an 
increased prevalence of onychomycosis with increasing age [1, 3]. The rate of fun-
gal nail infections in the general population is approximately 10 %, but in adults 
over age 70, that number can climb as high as 50  % [2, 3]. This is most likely 
explained by the fact that the nail grows slower with aging and infection can prog-
ress easily. Common comorbidities seen in the elderly are also risk factors for 
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DLSO, including poor peripheral circulation, diabetes, decreased immune function, 
repeated nail trauma, longer exposure to pathogenic fungi, and even the simple 
inability to maintain good foot care.

It’s therefore unsurprising that children are rarely affected by DLSO. A prospec-
tive, multicenter survey found the prevalence of fungal nail infections in North 
American children 18 years old or younger to be less than .5 % [24]. Aside from the 
fact that there is a relative absence of the previously listed common DLSO risk fac-
tors in young people, reasons for the incredibly low infection rate compared to 
adults can also be explained by their lower prevalence of tinea pedis, faster nail 
growth, and generally smaller nails, which provide less surface area for fungal 
invasion.

As mentioned, diabetes is a notable underlying comorbidity in patients with 
DLSO. Approximately one-third of diabetics have a fungal nail infection, and they 
are 2.77 times more likely to develop onychomycosis than their nondiabetic coun-
terparts (Fig. 3.2) [23]. Also, their impaired wound healing and sensory neuropathy 
put them at higher risk for more serious, limb-threatening complications. The jag-
ged edges of their thickened, brittle nails can injure the surrounding soft tissue and 
create an unnoticed entry point for bacteria, fungi, or other pathogens, resulting in 
significant infections that may eventually lead to the need for amputation [25]. 
Retrospective studies have determined that diabetics with fungal infections like 
DLSO are approximately 3–5 times more likely to develop foot ulcers and/or gan-
grene than diabetics without onychomycosis [26].

It’s particularly important to keep in mind the relationship between DLSO and 
tinea pedis [7]. The same dermatophyte organism (Trichophyton rubrum) is the 
major cause of both fungal infections [10, 27], and therefore each condition can 
serve as a reservoir of infection for the other. That’s why DLSO is almost always 
preceded (or accompanied) by an infection of tinea pedis (Fig. 3.3). This relation-
ship partially explains the greatly increased frequency of toenail compared to fin-
gernail DLSO: the greater incidence of tinea pedis over tinea manuum provides 
more opportunities for the toenails to be infected.

Of course, if patients scratch or pick at their fungally infected feet, toes, or toe-
nails, it’s possible for them to transfer the fungus onto their hands, which can cause 

Fig. 3.2  DLSO in a 
diabetic patient. All nails 
are affected. Note the tinea 
pedis scaling and the 
hematoma of the great toe 
(due to poor fitting shoes, 
which is common due to 
neuropathy)
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them to develop tinea manuum and/or fingernail DLSO (Fig. 3.4). This often causes 
the patient to develop a relatively common pattern of infection known as “two feet-
one hand syndrome (Fig. 3.5)” [28, 29].

Overall, the incidence of DLSO is projected to continue increasing, largely due 
to a surge in critical risk factors like the age of the population, along with an 
increased prevalence of diabetes and peripheral vascular disease.

Fig. 3.3  DLSO and concomitant tinea pedis on the plantar surface of the opposite foot due to T. 
rubrum

Fig. 3.4  An example of 
fingernail DLSO
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�Clinical Features

The characteristic features of DLSO are discoloration of the nail, subungual hyper-
keratosis, and onycholysis (Fig. 3.6).

True to its name, DLSO’s fungal organism invades the nail bed at the distal por-
tion of the nail. The fungus usually first infects the palm or sole, causing tinea pedis 
or tinea manuum, and then spreads from the skin to the nail bed via the hyponychium 
or the lateral nail fold.

In the early stages of infection, the fungus is limited to the nail bed, and the nail 
plate may appear normal. During this time, the stratum corneum of the nail bed 
often begins to thicken (subungual hyperkeratosis) due to mild inflammation from 
the fungal infection. The resulting keratotic debris pushes the nail plate up, eventu-
ally causing onycholysis.

Fig. 3.5  DLSO is present on the nails of both feet and the right hand, while the left hand is unaf-
fected (two feet-one hand syndrome)
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From the initial site of infection, fungi migrate proximally (toward the cuticle) 
along the longitudinally oriented rete ridges of the nail bed. This explains the yel-
low, orange, or white longitudinal spikes and streaks which are a typical sign of 
progressing disease (Figs. 3.7 and 3.8).

The nail plate may also display diffuse discoloration and look yellow, orange, or 
white. Less commonly, when DLSO is caused by non-dermatophytic fungal molds 
that produce melanin, the nail presents with a brown/black pigmentation (ungual 

Fig. 3.6  DSLO. Note the 
yellow discoloration, 
severe subungual 
hyperkeratosis, and 
onycholysis

Fig. 3.7  The proximal 
progression of the fungus 
causes the yellow streaks 
leading toward the 
proximal nail fold. Also, 
note the tinea pedis scaling
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melanonychia) similar in appearance to nail melanoma (Fig. 3.9). Thankfully, this 
is relatively rare, as many of the organisms which cause ungual melanonychia (e.g., 
Neoscytalidium dimidiatum) do not respond to antifungal therapies and are very 
difficult to cure [30].

Sometimes dermatophytomas (rounded or linear areas of particularly dense discol-
oration) are observed (Figs. 3.10 and 3.11a,b). This is generally a more advanced form 
of the disease and is considered a negative prognostic factor. A dermatophytoma indi-
cates a fungal abscess (a mass of hyphae and spores) under the nail. The fungi in these 
masses create a biofilm and are particularly difficult to treat without debridement.

In time DLSO can progress to total dystrophic onychomycosis (TDO) character-
ized by a thickened and crumbled dystrophic nail. However, as patients often cut the 
detached nail plate, particularly in fingernails, clinical presentation can be less typical 
(Fig. 3.12).

Fig. 3.8  Another example 
of a discolored longitudinal 
streak due to proximal 
fungal progression, this 
one extending all the way 
into the lunula. There is 
also subungual 
hyperkeratosis

Fig. 3.9  Pigmented DLSO
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Several specific clinical findings are considered factors that predict a poor 
response to treatment. These include dermatophytomas, cases where greater than 
50 % of the nail is affected (especially if there is significant involvement of the lat-
eral nail), cases with more than 2 mm of subungual hyperkeratosis, as well as those 
cases where the disease has progressed to TDO with matrix involvement. Other 
negative prognostic factors have to do with the fungal organism itself (e.g., a 
Neoscytalidium mold, as discussed above) or are patient specific – those with immu-
nosuppression or diminished peripheral circulation have a higher likelihood of 
treatment failure.

Fig. 3.10  Note the 
prominent 
dermatophytomas on the 
great toe

a b

Fig. 3.11  (a, b) Nail discoloration, subungual hyperkeratosis, onycholysis, and a dermatophy-
toma (a). A dermatoscopic image of a patch that doesn’t reach the free margin of the nail (b)
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The severity of infection can also be determined using the onychomycosis sever-
ity index (OSI). This simple scoring system takes into account the percentage of 
affected onychomycotic nail, the proximity of infection to the nail matrix, and the 
presence of either dermatophytomas, longitudinal streaks, or greater than 2 mm of 
subungual hyperkeratosis, and calculates a score from 1 to 35. Mild disease is clas-
sified by a score of 5 or below, moderate disease by 6–15, and severe disease by 
6–35 [31]. By providing an objective measurement of disease severity that can be 
quickly assessed as the clinical picture changes, patients can be followed more 
accurately throughout their course of treatment.

�Diagnostic Clues

Making a conclusive clinical diagnosis of DLSO can be difficult, as many of its 
classic features (nail discoloration, subungual hyperkeratosis, onycholysis, and 
thick, damaged, brittle nails) are also seen in other nail dystrophies (e.g., trauma, 
psoriasis, lichen planus, onychogryphosis, etc.). However, the mechanisms of fun-
gal progression provide plenty of clinical signs that can suggest a diagnosis of 
DLSO and indicate the need for further confirmatory laboratory testing.

As the fungus usually first infects the palm or sole and only then spreads to the 
nail bed, first inspect the skin on the soles, fingertips, and between the toes for signs 
of tinea pedis/tinea manuum scaling. While the absence of scaling doesn’t necessar-
ily rule out a diagnosis of DLSO, its presence can help in making a positive 
diagnosis.

Once the fungus invades the nail bed and the stratum corneum begins to thicken, 
subungual hyperkeratosis causes onycholysis. The keratotic debris lifting the nail 
creates a unique appearance under the free edge of the nail that De Crignis et al. call 
“ruin appearance” [32]. By inspecting the hyponychium with a dermatoscope, this 

Fig. 3.12  Fingernail 
DLSO where the patient 
cut the affected nail
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appearance can be clearly visualized (Fig. 3.13). Again, the absence of ruin appear-
ance doesn’t necessarily rule out a diagnosis of DLSO; however, its presence is very 
indicative of a positive diagnosis.

As the fungus advances longitudinally along the rete ridges of the nail bed, it 
causes a specific longitudinal pattern of discoloration which provides an easy, non-
invasive method to differentiate between DLSO and conditions which merely mimic 
the appearance of DLSO, e.g., traumatic onycholysis, the second most common nail 
dystrophy. When examining the nail, use a dermatoscope to inspect the most proxi-
mal edge of the discolored/onycholytic area for an uneven border with sharp projec-
tions towards the proximal nail fold (Fig. 3.14). This visual cue (dubbed by Piraccini 
et al. as a “jagged edge with spikes”) is distinct and exclusive to DLSO thanks to the 
behavior of the migrating fungus. Traumatic onycholysis presents with a smooth, 
linear edge without indentations [33, 34].

Another dermatoscopic finding caused by the proximally migrating fungus is an 
irregular matte pigmentation distributed in longitudinal striae on the detached nail 
plate. Since it forms a pattern similar to an aurora borealis, it was labeled by 
Piraccini et  al. as an “Aurora Pattern.” Its presence is also highly suggestive of 
DLSO [33].

Fig. 3.13  A dermatoscopic 
image of the distal border 
of the nail showing “ruin 
appearance”
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Fig. 3.14  A dermatoscopic 
image exhibiting “spikes” 
on the proximal margin, 
imbuing it with the “jagged 
edge” appearance

Summary for the Clinician
DLSO is incredibly common and can cause significant physical and psycho-
social problems. Due to increasing incidence of important risk factors, we 
expect to see a concomitant increase in DLSO cases in the years to come.

Since only about half of all nail abnormalities can be attributed to fungal 
infections, it’s important to be able to distinguish between true DLSO and 
other conditions that merely mimic its appearance before beginning treat-
ment – which can be long, difficult, and expensive.

Unfortunately, the close similarities between many of the nail dystrophies 
tend to make obtaining a definitive clinical diagnosis very challenging. 
Therefore, while the clinical presentation combined with dermoscopy and a 
suggestive history can strongly point you in the direction of DLSO, the diag-
nosis needs to be confirmed by laboratory techniques [35].

Today, that means KOH, fungal culture, or a PAS stain. In the future, how-
ever, newer PCR techniques will probably be utilized more often, as they have 
advantages over all of those methods: PCR is faster (results are returned in 
days vs. weeks), unaffected by fungal viability, and is less susceptible to 
contamination.

J.B. Freedman and A. Tosti
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Clinical Pearls
•	 If you see tinea pedis, look for onychomycosis.
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vice versa.
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vent transfer of fungus to the inguinal folds, causing tinea cruris.
•	 Although women and children have a lower incidence of infection, they are 

more likely to seek treatment. Ask them about other members of their fam-
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Another reliable method is the dermatophyte test strip, shown to have an 
overall concordance rate of 95 % [36]. Keep in mind that these test strips will 
only identify dermatophyte infections, but those do account for the vast 
majority of onychomycosis cases.
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Chapter 4
White Superficial Onychomycosis

Stephanie Mlacker and Antonella Tosti

�Introduction

Superficial white onychomycosis (SWO) refers to a form of onychomycosis that 
involves invasion of the nail plate through the dorsal surface (Fig. 4.1), presenting 
as opaque, friable, whitish superficial spots (Fig. 4.2) [1, 2]. However, this name is 
somewhat of a misnomer, as recent evidence supports a new classification of vari-
ants that includes a deep form of nail penetration. Organisms responsible for caus-
ing SWO include Trichophyton mentagrophytes var. interdigitale, which involves 

Key Features
•	 In SWO the route of infection occurs via the dorsal aspect of the nail plate.
•	 There are two variants of SWO: a superficial and a deep variant. SWO can 

rarely be pigmented. Rarely, SWO originates from beneath the proximal 
nail fold.

•	 Deeper nail penetration has been linked to mold infection.
•	 SWO is commonly associated with DLSO.
•	 SWO can be treated with topical antifungals in most cases.
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Fig. 4.1  SWO schematic 
drawing showing fungal 
invasion of the dorsal nail 
plate

Fig. 4.2  SWO 
dermoscopy shows that 
the superficial nail plate is 
affected

90  % of cases, Trichophyton rubrum, or non-dermatophytes (molds), such as 
Acremonium, Fusarium, or Aspergillus species [1, 3, 4]. Infections from Trichophyton 
rubrum var. nigra or Neoscytalidium dimidiatum may cause “superficial black ony-
chomycosis,” when dark pigmentation is observed [5–7]. Of note, mixed 
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dermatophyte/non-dermatophyte infections may occur as well [8]. SWO usually 
affects the first, second, or third toenails. Fingernail involvement has rarely been 
reported in newborns or in HIV patients [7]. Toenails grow 50–66 % more slowly 
than fingernails, which can facilitate fungal infection [9]. Associated conditions 
include interdigital tinea pedis and, less frequently, plantar tinea pedis, both of 
which result from infection with Trichophyton interdigitale [7].

�Epidemiology

Onychomycosis generally affects men more commonly than it affects women. 
Associated factors include diminished peripheral circulation, diabetes, trauma to 
the nail, and inadequate nail hygiene [10]. SWO is a rare type of onychomycosis 
that constitutes 1.5–7  % of all reported cases of fungal nail infections [11]. 
While SWO affects about 1–2  % of the general population, the incidence 
increases with age. Rate of prevalence is higher in the immunosuppressed, with 
9.5 % of HIV-infected patients reportedly affected by SWO [7]. However, epide-
miological characteristics may also vary according to the variant of SWO 
involved.

�Clinical Features

There are two main subtypes of SWO: classical SWO and deep SWO (Figs. 4.3 and 
4.4). In classical SWO, the superficial nail plate presents small white opaque friable 
patches with distinct borders. Scraping of the patches allows removal of the whitish 
surface material, exposing a transparent compact median nail plate. Sometimes, the 
patches may coalesce with time to involve the entire nail that becomes diffusely 
milky, white, and opaque [1, 3, 7]. One variant of classical SWO involves a route of 
infection that arises from below the proximal nail fold. This form of SWO, which 
may be difficult to distinguish from proximal subungual onychomycosis (PSO), 
most commonly affects children, who have thin nails, or immunosuppressed patients 
[1, 3]. In some cases, this variant presents with striate superficial bands, with 
affected white bands alternating with unaffected nail (Fig. 4.5). Deep invasion of the 
nail plate usually results from infection with non-dermatophytic molds, such as 
Fusarium and Aspergillus species, due to their eroding bodies which enable pene-
tration of the nail plate barrier (Fig. 4.6) [4]. This deep variant is characterized by 
diffuse white and yellow-brown patches (Figs. 4.7 and 4.8). Nail plate discoloration 
may extend to the proximal nail fold, and the pigmentation can be visible through 
the cuticle [7]. Combination of SWO with another type of onychomycosis, such as 
distal and lateral subungual onychomycosis (DLSO) or proximal subungual ony-
chomycosis (PSO), is not uncommon (Figs. 4.9 and 4.10) [1, 2].
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Fig. 4.4  Deep SWO

Fig. 4.3  SWO classical 
type
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Fig. 4.5  SWO with 
striated pattern

Fig. 4.6  Deep SWO: pathology shows fungal elements in the superficial and mid-nail plate

�Diagnostic Clues

It is important to conduct mycological studies, in order to appropriately diagnose 
and treat onychomycosis [10]. Diagnosing SWO may be performed using direct 
microscopy with 40 % potassium hydroxide (KOH) mounts, fungal cultures, and 
nail clippings with periodic acid-Schiff (PAS) staining for histologic analysis (Fig. 
4.11) [7, 12]. In some cases of SWO, taking a clipping might be difficult, as the 
infection is often located in the central part of the nail plate without involvement of 
the distal nail. Scraping of the superficial nail plate is the best way to obtain samples 
for KOH and culture. Of note, potassium hydroxide microscopy and culture carry a 
relatively low negative predictive value (<60 %) and, therefore, warrant repeat test-
ing in patients with possible SWO that initially test negative [12].

When attempting to clinically distinguish the type of SWO involved, one can 
suspect a deeper invasion of the nail plate when scraping the dorsal surface fails to 
completely remove the white discoloration [3].

4  White Superficial Onychomycosis
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Fig. 4.8  SWO: note the 
yellow-white 
discoloration and 
crumbling of the nail 
surface

Fig. 4.7  SWO yellowish 
desquamating patch
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Fig. 4.9  SWO and DLSO 
affecting the same nail

Fig. 4.10  SWO emerging 
from proximal nail fold 
and DLSO
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Fig. 4.11  SWO 
pathology shows fungal 
elements in the superficial 
nail plate

Summary for the Clinician
Clinicians must take into account features of both the host and causative 
organism in the treatment of patients with SWO. Dermatophytes contain kera-
tolytic enzymes that allow them to break down the hard keratins of the nail 
plate. In vitro studies have shown the high osmotolerance characteristic of T. 
interdigitale, which contributes to its ability to invade the dry nail plate. 
However, it is important to note that SWO in HIV patients is commonly due 
to T. rubrum and may involve the fingernails. In the rare circumstances when 
T. rubrum is observed in immunocompetent individuals, it is usually the result 
of nail plate occlusion from an overriding toe. Other host factors involved in 
promoting SWO infections include diminished immune function, genetics, 
and nail plate thickness. For example, fungal invasion is more likely to involve 
the entire thickness of the nail plate in children who have thinner nails than 
adults. However, host factors are not likely implicated in SWO due to 
Aspergillus or Fusarium, as both species carry intrinsic properties that allow 
them to penetrate the nail’s dorsal surface with greater depth and the affected 
hosts are typically healthy [7].

First-line treatment depends on the variant of SWO and generally entails 
mechanical removal, followed by administration of topical antifungals, 
with systemic antifungal agents, such as terbinafine or itraconazole, 
reserved for patients resistant to topical agents for more than 6 months [7, 
11]. However, topical therapy is usually ineffective when the infection orig-
inates from beneath the proximal nail fold. It should be reserved for the 
classical variant of SWO, in which infection remains at a superficial level 
[5]. Systemic antifungal agents may be used either alone or in combination 
with topical antifungal, when the infection originates from below the proxi-
mal nail fold, when there is deep invasion or when there is a combination of 
variants present [1, 5].
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Clinical Pearls for Reader
•	 Think of SWO in case of pseudo-leukonychia of the toenails.
•	 Keratin degranulation from continuous use of nail polish may mimic SWO.
•	 Think of molds in case of diffuse and deep involvement.
•	 Scrape the nail to distinguish between SWO originating from the proximal 

nail fold and PSO.
•	 Scraping of the affected nail and topical antifungal treat SWO in most 

cases.

Those infections emerging from below the proximal nail fold can share a 
similar fungal etiology as PSO, and therefore warrant close inspection. When 
clinicians isolate T. rubrum or Fusarium species from SWO patients, they 
should analyze the affected nail for any signs of mixed variants or for infec-
tion emerging from beneath the proximal nail fold [1]. Gupta et  al. highly 
recommended partitioned sampling in the presence of mixed variants, such as 
SWO and DLSO, and using it together with other diagnostic methods when 
appropriate. For infections involving both dermatophyte and non-dermatophyte 
molds, it is important to prioritize treatment of the dermatophyte and then 
subsequently treat any residual non-dermatophyte infection [8].

Treatment differs slightly for children due to their thin nail plates. Topical 
treatments are effective even when children have diffuse nail plate involve-
ment, as their thin nails can facilitate drug penetration [7]. Although pediatric 
use of topical antifungals is not approved, topical amorolfine once a week has 
been reported as a successful treatment of SWO, due to T. rubrum, in an HIV-
infected child. Adverse effects are unlikely, as this drug is not absorbed sys-
temically [13].
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Chapter 5
Proximal Subungual Onychomycosis

George Glinos and Antonella Tosti

�Introduction

Proximal subungual onychomycosis (PSO) is rare. In the traditional classification of 
this disease, the infection begins with fungal invasion of the proximal nail fold stra-
tum corneum with subsequent infection of the matrix and deeper portions of the 
ventral nail plate [1–3]. From the proximal nail fold, fungi invade the proximal nail 
matrix and are incorporated into the newly forming nail, which accounts for the 
typically slow spread of PSO from the proximal nail fold to the fingertips (Fig. 5.1). 

Key Features
•	 PSO can be caused by dermatophytes, non-dermatophytic molds, and 

Candida spp.
•	 PSO due to dermatophytes is rare.
•	 Most often seen in immunocompromised patients (e.g., AIDS, diabetes, 

transplant recipients).
•	 T. rubrum is the most common cause of infection.
•	 Infection starts at the proximal nail and progresses distally.
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Proximal nail plate invasion may occur secondary to acute or chronic paronychia, 
which is inflammation of the nail fold [4]. This route is most commonly seen with 
Candida [4].

More recently, alternative routes of infection have been described such as 
hematogenous spread and spread via the lymphatics, which can be exemplified 
by maladie dermatophytique [4, 5]. Maladie dermatophytique is a generalized 
dermatophytosis due to T. schoenleinii that affects the skin and internal organs 
alike [4]. Severe lymphadenopathy is observed in this condition, and biopsies of 
these enlarged lymph nodes have shown fungal hyphae, which is evidence of 
systemic spread of the fungal infection via lymphatics [5]. It is now thought that 
PSO can also be caused by fungal infection of the bloodstream; however, the 
exact mechanism of transfer from the blood to the nail plate is unclear [4]. 
Interestingly, there is some new evidence that PSO can progress from an isolated 
nail infection to a bloodstream infection, especially in immunosuppressed neu-
tropenic patients [4]. The common link between all proposed mechanisms of 
infection is that fungi gain access to the proximal matrix that produces the ventral 
nail plate.

The most common organism causing PSO is Trichophyton rubrum [6], but many 
other dermatophytes have been identified such as T. schoenleinii [7], T. megnini [6, 
8], T. tonsurans [6, 8], T. mentagrophytes [6], T. epidermophyton [6], E. floccosum 
[6], and Microsporum sp. [9]. Most cases are seen in immunocompromised indi-
viduals like HIV/AIDS [6, 8, 10], diabetics, dialysis, and transplant patients [7, 11]. 
PSO due to dermatophytes is not usually associated with periungual inflammation 
(Fig. 5.2). Some studies have noted that PSO occurs in up to one third of patients 
with serious or symptomatic HIV infection and can be considered a sign of immu-
nodeficiency [12]. However, it is important to note that PSO in HIV patients has 
generally only been studied in those who have progressed to AIDS.  Therefore, 
older data cannot be used to generalize PSO presentation or mycology in all 

Fig. 5.1  Illustration of 
the classically described 
mechanism of 
pathogenesis in 
PSO. There is invasion of 
the proximal nail fold and 
nail matrix by fungi
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immunosuppressed patients, especially those with higher CD4 counts and without 
AIDS-defining complications. Moreover, most studies that investigated PSO in 
AIDS were conducted before the emergence of HAART, which is now the standard 
of care.

Several non-dermatophytic molds have been identified as causes of PSO includ-
ing Fusarium sp. [13, 14], Aspergillus fumigatus [6, 15], Aspergillus flavus [16], 
Scopulariopsis brevicaulis [17], and Acremonium sp. [17]. Unlike PSO due to der-
matophytes, these are not associated with immunosuppressed patients [17]. 
Non-dermatophytic molds are being increasingly considered a major cause of PSO 
in otherwise healthy patients. In the original classification of PSO, non-dermato-
phytic molds were thought to be contaminants, but further investigation has identi-
fied them as a significant cause of PSO.  Of note, non-dermatophytic PSO is 
associated with significant periungual inflammation in many cases, which can help 
distinguish PSO due to dermatophytes from PSO due to non-dermatophytic molds 
clinically (Fig. 5.3). Distinguishing between dermatophytes and molds is important 
to guide treatment as their antifungal sensitivities are different.

Lastly, PSO can be caused by Candida albicans [6, 18]. Candida PSO is usually 
associated with paronychia, with the assumption that the inflammation can facilitate 
yeast invasion of the ventral nail plate. Candida PSO may rarely occur in chronic 
mucocutaneous candidiasis (CMCC) [18], a disorder of T cells that is characterized 
by chronic infection of mucosa, skin, and nails by Candida. In CCCA, Candida 
PSO is not always associated with paronychia and patients have a widespread 

Fig. 5.2  PSO due to 
T. rubrum seen in an 
immunosuppressed 
patient
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mucocutaneous infection. Of note, the classic nail appearance in CMCC is 
granulomatous and totally dystrophic. Although PSO is not the most common nail 
presentation of CMCC, it can certainly be seen in this condition, and it has been 
reported in more recent literature [18].

�Epidemiology

The exact prevalence of PSO is not clear due to a lack of large studies on the 
subject. Because it is most prevalent in immunocompromised patients, some 
studies have investigated PSO in this context. A study of onychomycosis in AIDS 
patients found that 55 of the 62 patients (88.7 %) who were seen for nail infec-
tions presented with PSO [6]. They also found that most (83  %) infections 
occurred in the feet [6]. Because these patients were immunosuppressed, the most 
common cause of infection were dermatophytes, with T. rubrum isolated in 36 
(58 %) individuals followed by T. mentagrophytes (9.7 %) and Epidermophyton 
floccosum (4.8  %) [6]. Of note, some yeasts were isolated including Candida 
albicans (11.2 %) and Pityrosporum ovale (3.2 %) [6]. Of the non-dermatophytic 
molds, S. brevicaulis and A. fumigatus were isolated in four patients and one 
patient, respectively [6]. These non-dermatophytes were found coexisting with 
dermatophytes and never independently. Incorporating these results and other 
reports of PSO in the literature, PSO due to dermatophytes can be considered a 
sign of immunodeficiency [12].

Non-dermatophytic molds are another potential cause of PSO and are the most 
common cause of PSO in patients who are not immunosuppressed. Mold onycho-
mycosis is not significantly associated with systemic diseases and should not be 
regarded as a sign of immunodeficiency as PSO due to dermatophytes is. A study 
at the University of Bologna [17] between 1995 and 1998 identified 59 patients out 

Fig. 5.3  PSO caused by a 
non-dermatophytic mold
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of 1548 who were affected by onychomycosis due to non-dermatophytic molds. 
Molds were responsible for 13.6 % of all onychomycoses diagnosed via mycology 
culture, and the majority of these cases (76 %) presented with PSO. Fusarium sp. 
was identified in 44 % of these cases followed by 29 % Scopulariopsis brevicaulis, 
15 % Acremonium sp., and 12 % Aspergillus sp. [17].

Furthermore, this study of non-dermatophytic molds identified an interest-
ing relationship between molds and periungual inflammation. The researchers 
found that all cases of Fusarium sp. and Aspergillus sp., as well as 59 % of 
cases of S. brevicaulis, were associated with significant periungual inflamma-
tion [17]. This contrasts to classic dermatophyte onychomycoses, which were 
found to almost never cause inflammation [17]. In fact, the authors noted that 
many of these patients with inflammation were initially treated with antibiotics 
and anti-inflammatory drugs due to their clinical presentation [17]. Thus, peri-
ungual inflammation is an important factor when developing a differential in 
PSO, and it may help influence what therapy the clinician will recommend 
(Fig. 5.4).

Generally speaking, the exact prevalence of certain fungi in PSO is unclear. In 
the past, PSO was thought to originate from periungual inflammation of the proxi-
mal nail fold. Also, it was commonly believed that non-dermatophytic molds that 
were isolated in cases of PSO were contaminants and not the cause of infection [17]. 
However, it has been revealed in more recent literature that PSO due to molds is 
frequently associated with periungual inflammation and that molds are a more com-
mon cause of PSO than was previously thought, which may invalidate much of our 
historical data. Furthermore, many of the studies analyzing PSO in the presence of 
HIV infection were conducted before HAART therapy became the standard of care. 
Many patients who were studied had extremely low CD4 counts, but today, clini-
cians can expect to see HIV patients with significantly lower degrees of immuno-
suppression due to HAART. Thus, one must be careful translating older data into 
modern clinical practice.

Fig. 5.4  PSO due to 
mold with associated 
periungual inflammation
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�Clinical Features

Proximal subungual onychomycosis (PSO) is an infection of the ventral nail plate. It 
can be seen in both fingers and toes with the toes being more common. In the classic 
description of PSO, it begins with fungal invasion of the stratum corneum of proximal 
nail fold. There is subsequent infection of the deeper portions of the ventral nail plate, 
which is then followed by slow extension of the infection distally as the nail plate 
grows [1–3]. Eventually, the infection may involve the entire nail plate [1]. Clinically, 
this infection appears as a white leukonychia spreading distally as the nail plate 
grows. PSO causes true leukonychia as the white color is due to lack of light reflec-
tion due to the presence of fungi within the nail plate (Fig. 5.5). The nail surface is 
normal. The leukonychia can originate from the proximal nail fold or from the distal 
matrix with a single band that follows the shape of the lunula (Figs. 5.6 and 5.7).

Less commonly, the leukonychia can present as alternating transverse bands in 
which the infection spreads distally from the proximal nail fold in a similar way to 
the classic presentation, but the infection is remitting and relapsing, which gives the 
appearance of transverse bands of leukonychia separated by clinically and histologi-
cally normal nail plate (Fig. 5.8) [4, 18]. This intermittent dystrophy of the proximal 

Fig. 5.5  Dermoscopy of 
PSO demonstrating true 
leukonychia. The nail 
surface is not affected, 
and the lack of light 
reflection is due to the 
presence of fungi within 
the nail plate
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Fig. 5.6  Opaque white 
discoloration of the 
proximal nail in PSO

Fig. 5.7  PSO, the nail is 
dystrophic due to 
previous avulsions

Fig. 5.8  PSO with 
alternating transverse 
bands as first described by 
Baran
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nail plate will extend distally to give the appearance of transverse streaks of leuk-
onychia like white waves, either single or multiple. These bands are not due to distal 
infection but rather proximal nail fold infection for two reasons. First, they have 
been followed at regular time intervals and are observed to extend distally from the 
proximal nail fold at a rate consistent with nail plate extension [18]. Second, the 
unique distal convexity of these transverse leukonychia lesions demonstrates that 
they are shaped by the lunula [18].

Although it is quite rare, PSO can be due to Candida infection. Candida usually 
causes a brownish discoloration of the nails along with severe onychodystrophy 
[18]. Its presentation can help differentiate it from other causes of PSO, which are 
mostly associated with white discoloration and milder onychodystrophy. Candida 
PSO is classically seen in those with paronychia and is thought to occur because the 
inflammation can facilitate yeast invasion to the ventral nail plate. It has also been 
reported in patients with chronic mucocutaneous candidiasis (CMCC) [18]. In 
CMCC, PSO due to Candida is not always associated with paronychia, and the 
mechanism of infection in these cases is not clear. Thus, it is important to maintain 
a high level of suspicion for Candida when patients have PSO associated with paro-
nychia but also to appreciate that paronychia is not a defining factor, especially if 
the patient presents with other mucocutaneous findings.

In regards to symptomatology, patients with PSO may range from being asymp-
tomatic to experiencing pain or discomfort to the degree that it interferes with walk-
ing or standing. In PSO due to non-dermatophytic molds, periungual inflammation 
is especially common and may be quite painful with surrounding erythema and 
edema. Some cases may even be associated with purulent discharge, which tends to 
cause these patients to be frequently misdiagnosed as having a bacterial infection.

�Diagnostic Clues

PSO should always be considered in the differential diagnosis of true leukonychia.
Diagnosis of fungal infection can be made by visualization of fungal hyphae or 

fungal elements under direct light microscopy of 20 % potassium hydroxide (KOH) 
preparation in dimethyl sulfoxide (DMSO). This is the fastest and least expensive 
option; however, in the case of PSO, it can be challenging to obtain a sample. First, 
the target site should be cleaned with ethanol to prevent contamination [19]. One 
must pare the nail plate with a blade to access the ventral side, scraping the white 
portions of the nail plate, and preparation with KOH will usually reveal abundant 
hyphal elements under the microscope [1]. Newer techniques such as vertical drill-
ing, horizontal drilling, or subungual curettage have emerged as viable options to 
obtain samples [20].

The authors like to utilize 3 mm punch to take a big sample that can be divided 
and utilized for KOH preparation, cultures, and pathology (Fig. 5.9).

Once a sample is obtained, mycological culture should be conducted in addition 
to other tests using Sabouraud dextrose agar [19]. Littman Oxgall, Borelli medium, 

G. Glinos and A. Tosti



53

or potato dextrose agar may also be used. The samples must be incubated at 26–30 ° 
C for several weeks to 1 month. It is important to select agar without cycloheximide, 
which is a common additive. Cycloheximide is added to inhibit the growth of non-
dermatophytic molds, but we now know these are an important cause of PSO [19]. 
When a mold is suspected, it is recommended to serially sample the patient’s nails 
at different points of time to confirm the repeated presence of non-dermatophytic 
mold to ensure that the non-dermatophytic mold is part of the primary infection and 
not a contaminant [19]. Fungi are notoriously difficult to culture. Not only does this 
method of diagnosis take a long time, but sensitivity and specificity is limited by 
fungal viability on the chosen medium as well as sampling technique.

On histopathology, nail samples are stained with periodic acid-Schiff (PAS) or 
grocott’s methenamine silver (GMS). With the PAS technique, the fungi are stained 
magenta, but it only works on living fungi. With the GMS technique, the fungi are 
stained dark brown on a background of pale green, and it works for both living and 
dead fungi. As with other techniques, it is key to identify fungi in the ventral nail 
plate. This method has high sensitivity and specificity, especially in the hands of an 
experienced histopathologist.

In the current literature, several studies have investigated the applicability of these 
various diagnostic techniques. Generally, histopathological examination with PAS 
staining (HPE-PAS) is found to have the highest positive predictive value and nega-
tive predictive value and is regarded as the gold standard for diagnosis of onychomy-
cosis [21, 22]. However, not many studies have focused on comparing diagnostic 
methods in PSO specifically. It can be assumed that these diagnostic tests may have 
similar predictive value in PSO, but that cannot be known with certainty at this time.

Lastly, newer PCR techniques have been introduced for the diagnosis of onycho-
mycoses and offer some advantages over traditional diagnostic methods [23]. PCR 
provides a much faster diagnosis within days versus weeks with traditional culture. 
Also, it has less vulnerable errors due to contamination, fungal viability, or sam-
pling technique [23].

Fig. 5.9  Sample can be 
taken with a 3 mm punch 
biopsy for 
histopathological 
analysis
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The key to making any diagnosis of PSO is to sample the ventral nail plate. 
Diagnosis may be difficult due to its atypical clinical presentation, but always main-
tain an appropriate level of suspicion when a patient displays one of the presenta-
tions noted earlier in this chapter.
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Summary for the Clinician
Proximal subungual onychomycosis (PSO) is an infection of the proximal 
ventral nail plate. It can be due to dermatophytes, non-dermatophytic molds, 
or Candida. PSO due to dermatophytes is rare and is most frequently found in 
patients with suppressed immune systems, especially HIV/AIDS, or in 
patients taking systemic immunosuppressors. The most common agent in 
these cases is Trichophyton rubrum, but other dermatophytes have also been 
implicated. Non-dermatophytic molds have emerged as a more common 
cause of PSO than previously thought. These cases are not associated with 
immunosuppression and are often associated with significant periungual 
inflammation. Less commonly, yeasts like Candida can be the causal patho-
gen. Classically, PSO is seen as a white patch in proximal nail plate and 
extending distally as the nail grows; however, other less common presenta-
tions like alternating transverse bands have been described. It can be diag-
nosed by KOH prep microscopy, histopathologic analysis, culture, and 
PCR.  Obtaining an adequate sample of the ventral nail plate is key to 
diagnosis.

Clinical Pearls
•	 Maintain a high level of suspicion for PSO in immunosuppressed patients 

with proximal nail leukonychia.
•	 Think of molds in case of PSO associated with periungual inflammation.
•	 A 3 mm punch can be utilized to obtain a sample from the ventral nail 

plate.
•	 PSO requires systemic treatment.
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Chapter 6
Endonyx Onychomycosis

Vidhi V. Shah and Antonella Tosti

Key Feature Box
•	 Endonyx onychomycosis is a fungal infection of the nails caused by 

Trichophyton soudanense, Trichophyton violaceum, and Trichophyton rubrum.
•	 Patients with endonyx onychomycosis present with milky-white discolor-

ation of the nail plate without hyperkeratosis or onycholysis.
•	 Histopathology will demonstrate an abundance of fungal filaments con-

fined to the nail plate without nail bed inflammation or hyphae.
•	 Treatment typically consists of oral and topical antifungal therapies; how-

ever, recalcitrant infections may necessitate combination therapy, chemical 
and/or surgical plate avulsion, or photodynamic therapy.

V.V. Shah, BA • A. Tosti, MD (*) 
Department of Dermatology and Cutaneous Surgery, University of Miami,  
Miami, FL, USA
e-mail: shahvidhiv@gmail.com; atosti@med.miami.edu 

�Introduction

Endonyx onychomycosis (EO) is an exceedingly rare pattern of fungal infection of 
the nail plate associated with the endothrix dermatophytes Trichophyton souda-
nense, Trichophyton violaceum, and Trichophyton rubrum [1–4]. Currently, there is 
only one report in the literature of endonyx onychomycosis caused by Trichophyton 
tonsurans [5]. In endonyx, fungal hyphae infect and directly invade the superficial 
and deep portions of the nail plate [4]. This unique pattern of nail invasion is con-
ceivably related to these organisms’ high affinity for hard keratins [4].
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�Epidemiology

Endonyx onychomycosis appears to affect both men and women equally and is 
found among all age groups and ethnicities [1, 2, 6]. The exact incidence of this nail 
infection remains unknown; however, it is likely to be more prevalent in areas where 
Trichophyton species is endemic, such as in central and west Africa [2].

�Clinical Features

Endonyx onychomycosis is clinically characterized a milky-white discoloration of 
the nail plate. The nail plate surface is normal and the nail has a normal thickness 
[3, 4]. The nail plate will be firmly attached to the nail bed [4]. The absence of 
hyperkeratosis and onycholysis separates endonyx from other entities, such as distal 
subungual onychomycosis [4]. Table 6.1 illustrates clinical features commonly 
present and absent in endonyx onychomycosis.

�Diagnostic Clues

Endonyx onychomycosis should be distinguished from proximal subungual ony-
chomycosis as both present with white nail discoloration without onycholysis or 
subungual hyperkeratosis. History and clinical examination can help in differential 
diagnosis. In EO invasion occurs from distal margin, and nail discoloration starts 
distally and progresses proximally (Fig. 6.1) in contrast with proximal subungual 
onychomycosis (PSO) that originates proximally and progresses distally.

Diagnosis of endonyx onychomycosis should be confirmed by direct micro-
scopic examination and fungal cultures. Periodic acid-Schiff (PAS) stain will dem-
onstrate tunnels of fungal elements arranged either longitudinally or transversely 
within the entire thickness of the nail plate [4, 6]. Importantly, there are no signs of 
fungal invasion or inflammation in the nail bed [4]. Culture of the nail clippings will 
expose the causative organism [6].

Table 6.1  Present and absent clinical features in endonyx onychomycosis

Present features Absent features

Normal nail plate surface Superficial desquamation
Normal nail plate thickness Hyperkeratosis
Nail plate firmly attached to the nail bed Onycholysis
Milky-white nail plate discoloration Subungual changes
Nail plate fungal hyphae Periungual inflammation

V.V. Shah and A. Tosti
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�Summary for the Clinician

Fig. 6.1  Endonyx 
onychomycosis of the 
fingernail. The nail plate 
shows distal leukonychia 
in the absence of 
subungual hyperkeratosis 
(Courtesy of Chinmanat 
Tangjaturonrusamee MD )

Clinical Pearls
•	 Endonyx is an unusual variant of onychomycosis that affects men and 

women of all ages, races, and ethnicities.
•	 Patients present with opaque-white discoloration of the nail plate without 

subungual changes.
•	 Superficial nail plate involvement, hyperkeratosis, onycholysis, or nail bed 

inflammation should prompt consideration of an alternative diagnosis.
•	 Direct microscopic examination with PAS staining that demonstrates 

plenty of fungal hyphae in the nail plate, but none in the nail bed, is pathog-
nomonic of endonyx.

Endonyx is a rare form of onychomycosis that affects all ages and both gen-
ders. Clinicians should be aware of the presentation of this rare entity, as 
certain forms may be resistant to standard antifungal therapy [6]. The pres-
ence of milky-white discoloration of the nail plate in the absence of hyper-
keratosis and onycholysis suggests endonyx pattern [4]. PAS staining for 
fungal elements confined to the nail plate may help validate the diagnosis [4]. 
Consider treatment with standard topical and oral antifungals first, followed 
by combination therapy, chemical and/or surgical plate avulsion, or photody-
namic therapy if the infection is difficult to treat.

6  Endonyx Onychomycosis
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Chapter 7
Onychomycoses Due to Non-dermatophytic 
Molds

Austin J. Maddy, Jennifer L. Abrahams, and Antonella Tosti

�Introduction

Non-dermatophytic molds are filamentous fungi that are regularly found in nature as 
soil saprophytes and plant pathogens. Molds can frequently colonize the nails and 
be isolated in cultures without having a pathologic significance. However, molds 
can also invade the nails and cause onychomycosis, and prevalence of mold infec-
tions has been increasing worldwide in the last several decades. Diagnosis of mold 
onychomycosis requires a strict correlation between nail abnormalities and myco-
logic findings as well as isolation of the same organism from multiple samples and 
inoculates. Concomitant infections with molds and dermatophytes can also occur.

Key Features
•	 Non-dermatophytic molds have been increasingly recognized as agents of 

onychomycosis.
•	 Prevalence of non-dermatophytic onychomycosis depends on geographic 

areas.
•	 Molds can cause different types of onychomycosis including proximal sub-

ungual, “deep” white superficial, and distal subungual onychomycosis.
•	 Diagnosis of mold onychomycosis is more complex than the dermatophytic 

counterpart and requires microscopic examination and culture on multiple 
samples.

•	 Treatment is difficult and often requires combination of topical antifun-
gals, systemic antifungals, and chemical avulsion.
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Molds that can cause onychomycosis include but are not limited to Scopulariopsis 
brevicaulis, Aspergillus spp., Acremonium spp., Alternaria spp., Chrysosporium 
spp., Aureobasidium pullulans, Curvularia spp., Penicillium spp., Fusarium spp., 
Onychocola canadensis, Exophiala spp., Ulocladium spp., Nattrassia mangiferae, 
and Neoscytalidium dimidiatum [1, 3, 7, 14, 17–19, 33, 42].

Prevalence of mold onychomycosis varies in different countries depending on 
geographic area, climate, and lifestyle conditions [4]. Incidence of the infection 
increases with age, with most patients being older than 40 years [1, 4, 6, 8, 18, 42].

Treatment of mold onychomycosis is even more difficult than dermatophytic 
onychomycosis. Combination of topical antifungals, chemical nail avulsion, and 
systemic antifungals is often required.

�Epidemiology

Approximately 10 % of onychomycoses are caused by non-dermatophytic molds 
[2, 5, 14]. Frequencies as high as 22 % [30], 45.8 % [17], 51.6 % [36], and even 68 
% [44] have been reported in various countries. Data in the United States is limited 
since most doctors do not take a culture sample (Table 7.1).

Most cases of mold onychomycosis are caused by Scopulariopsis brevicaulis [3, 
11, 20, 37, 38, 40, 43] or Aspergillus spp. [4, 18, 30, 41, 42, 44]. Most infections of 
non-dermatophytic molds are found in the hot and humid tropical and subtropical 
parts of the world [3, 21, 30]. Prevalence varies globally, depending on the climate and 
microenvironment of each geographic region. Acremonium spp., Aspergillus spp., and 
Neoscytalidium spp. are common in Canada [32]. Fusarium spp., Acremonium spp., 
and Scopulariopsis brevicaulis are common in the United States [45]. Neoscytalidium 
spp. and Fusarium spp. are found throughout South America (especially prevalent in 
Colombia and Brazil) [33, 35]. Scopulariopsis brevicaulis, Aspergillus spp., and 
Fusarium spp. are frequently isolated in Pakistan [36]. Neoscytalidium dimidiatum 
and Fusarium spp. are found in Thailand [36], while Scopulariopsis brevicaulis, 
Aspergillus spp., Acremonium spp., and Fusarium spp. are common in the 
Mediterranean (Italy, Greece, and Turkey) [37–39, 42].

The most important predisposing factor is, as for dermatophytes, patient’s age. 
Studies of non-dermatophytic mold onychomycosis report most afflicted patients 
being older than 40 years [1, 4, 6, 8, 18, 43]. Possible reasons include slower nail 
growth rate with aging, repeated nail trauma, prolonged exposure to pathogenic 
fungi, and venous insufficiency. Toenails are generally more often affected than 
fingernails, due to their slower growth rate.

Onychomycosis from non-dermatophytic molds is more common in females, in 
contrast to dermatophytic onychomycosis [1, 31, 32]. In a Colombian study of 310 
cases of non-dermatophytic mold onychomycosis with toenail infections, women 
represented 62 % of cases [31].
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�Clinical Features

Non-dermatophytic molds can cause proximal subungual, “deep” white superficial, 
and distal subungual onychomycosis.

Proximal subungual onychomycosis is characterized by the invasion of the nail 
matrix through the proximal nail folds. Fungi are then incorporated in the ventral 
nail plate from the matrix. The proximal nail plate shows a yellow-white discolor-
ation as presence of fungal elements changes nail plate transparency. Presence of 
erythema and swelling of proximal and lateral nail folds is common (Fig. 7.1). 
Inflammation can be prominent in some cases and purulent discharge might occur. 
Proximal subungual onychomycosis is commonly associated with the following 
molds: Fusarium spp., Aspergillus spp., and Scopulariopsis brevicaulis [24]. 
Fusarium and Scopulariopsis brevicaulis produce a yellow-white discoloration of 
the proximal nail plate [23, 24], while Aspergillus can be associated with a black or 
green discoloration [25, 26]. The presence of periungual inflammation strongly sug-
gests a mold infection, as this feature is almost never seen in proximal subungual 
onychomycosis caused by dermatophytes (Fig. 7.2) [5].

Deep white superficial onychomycosis is characterized by opaque, friable, 
white, superficial lesions that start on the dorsal surface of the nail plate, usually on 
the toes [26]. Mold infections differ from classic white superficial onychomycosis 
caused by dermatophytes because the infection is deeper and more diffuse 
(Fig. 7.3a, b) [27, 29]. Deep white superficial onychomycosis is commonly seen 
with Fusarium spp., Acremonium spp., and Aspergillus spp. [22, 27, 28].

Distal subungual onychomycosis is primarily a nail bed disorder. Infection usu-
ally begins with involvement of the distal part of the nail bed and progresses proxi-
mally along the ventral surface of the nail plate. It most commonly affects the great 

Fig. 7.1  Proximal 
subungual onychomycosis 
with periungual 
inflammation due to 
Fusarium spp.
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toe [7]. The nails become thick due to subungual hyperkeratosis, which is associated 
with onycholysis. The onycholytic nail plate is yellowish white to brown in color 
(Fig. 7.4). Agents responsible for distal subungual onychomycosis include 
Acremonium spp., Fusarium spp., and Alternaria spp. [5, 7, 8]. Periungual inflam-
mation may be seen in distal subungual onychomycosis caused by Fusarium spp. 
[5]. Tinea pedis is not commonly associated with mold onychomycosis, although it 
can be seen in Scopulariopsis brevicaulis infections.

Pigmented onychomycosis is characterized by a brown or black discoloration of 
the nail plate due to melanin deposition (Fig. 7.5a, b). Non-dermatophytic molds 

Fig. 7.2  Proximal 
subungual onychomycosis 
with periungual 
inflammation due to 
Aspergillus spp.

a b

Fig. 7.3  (a, b) Deep white superficial onychomycosis (a) dermoscopy shows invasion of the inter-
mediate nail plate (b)
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causing pigmented onychomycosis include the dematiaceous fungi Neoscytalidium 
dimidiatum, Alternaria spp., and Exophiala spp. [7]. These organisms produce mel-
anin, which is incorporated into their cell walls or secreted extracellularly, causing 
them to appear brown or black when cultured. Pigmented onychomycosis can dif-
fusely affect the entire nail or present as a longitudinal band, mimicking a pig-
mented lesion (Fig. 7.6) [9]. Neoscytalidium dimidiatum can also cause tinea 
manuum and tinea pedis.

Fig. 7.4  Distal 
subungual 
onychomycosis from 
molds

a b

Fig. 7.5  (a, b) Pigmented distal subungual onychomycosis (a) dermoscopy shows yellow-white 
striae that suggest diagnosis (b)

A.J. Maddy et al.
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�Diagnosis

Nail collection techniques for mycological examination vary depending on the clin-
ical presentation of the mold onychomycosis. In proximal subungual onychomyco-
sis, samples should be obtained from the deep ventral nail plate. This can be easily 
done using a 3 mm punch or drilling the nail with a scalpel blade. In white superfi-
cial onychomycosis, samples are obtained by scraping the affected nail surface [6]. 
In cases of distal subungual onychomycosis, the sample should include subungual 
debris from the more proximal part of the lesion. It is very important to alert the lab 
about possibility of mold infection as dermatophytic media contain factors that 
inhibit mold growth.

If the physician suspects an infection due to a non-dermatophytic mold, a speci-
men should be obtained and sent to the mycology lab for confirmatory culture. 
Pathology of nail clippings does not distinguish between molds and dermatophytes 
and is not diagnostic in cases of mold infections [10]. Fungal culture mediums 
generally contain Sabouraud dextrose agar (SDA), along with antibiotics such as 
gentamicin and chloramphenicol [10, 19] to deter competitive bacterial growth. 
Non-dermatophytic molds grow faster than dermatophytes and are typically viewed 
as contaminants in the lab and will grow in SDA along with dermatophytes and 
yeasts. Cycloheximide is routinely added to the SDA medium in order to inhibit 
growth of the molds. If a non-dermatophytic mold is suspected, the lab must be 

Fig. 7.6  Pigmented onychomycosis mimicking a pigmented lesion
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informed that cycloheximide should not be added in order to allow for mold growth 
and isolation.

Direct microscopic observation does not always result in a positive diagnosis, and 
one study has shown that more than 42 % of direct microscopic exams were false 
negatives [1]. Mycologic diagnosis of mold infection requires strict criteria as molds 
can be common contaminants. The following is considered as “gold standard”: 
microscopic observation of hyphae and/or conidia in 10 % KOH preparations, isola-
tion of the same non-dermatophytic mold in at least three inoculates in two repeated 
samplings, and failure to isolate a dermatophyte. If a dermatophyte is isolated by 
culture, there is immediate pathogenic confirmation, unlike the necessary repeated 
inoculates required to confirm non-dermatophytic mold pathogenesis.

Polymerase chain reaction (PCR) can amplify small fragments of DNA from a 
fungal biopsy for identification. Fungal species can be identified from the original 
sample through quantitative PCR, sequencing of PCR amplification products, or 
restriction fragment length polymorphism digestion analysis [12]. Advantages of 
PCR include the rapidity and sensitivity, but its use is still limited even though costs 
are becoming very competitive. This technique cannot distinguish contaminants 
from pathogens.

�Treatment

Treatments of onychomycosis due to non-dermatophytic molds include topical anti-
fungals, systemic antifungals, and chemical nail avulsion.

Non-dermatophytic molds generally do not respond well to systemic therapy, 
although this is not an absolute. For example, Fusarium spp., Acremonium spp., 
Neoscytalidium spp., and Scopulariopsis brevicaulis rarely respond to systemic 
medications [23], while Aspergillus spp. is sensitive to systemics [5]. Systemic 
therapy can be given with itraconazole, terbinafine, or fluconazole (not FDA 
approved for this indication). At times, combinations of systemic, topical, and 
avulsion treatments may provide the best outcomes for the patient. When sys-
temic therapy is contraindicated, topical agents and/or chemical and surgical 
avulsion may be used.

Photodynamic therapy (PDT) with topical 5-aminolevulinic acid (ALA) or 
methyl aminolevulinate (MAL) [16] is another treatment modality for distal subun-
gual onychomycosis due to molds. For PDT to be effective against onychomycosis, 
it is important to remove the nail plate as the photosensitizers need to reach the 
affected nail bed [13]. This can be achieved using urea ointment [12]. PDT has been 
established as an effective treatment of non-dermatophytic molds including 
Acremonium sclerotigenum [15].

A.J. Maddy et al.
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Clinical Pearls for the Reader
•	 Think of molds in cases of proximal subungual onychomycosis associated 

with erythema and swelling of the proximal/lateral nail folds.
•	 Think of molds in cases of white superficial onychomycosis that diffusely 

affect the nail and cannot easily be scraped away.
•	 Think of molds in cases of pigmented onychomycosis.
•	 Tinea pedis is not common in association with mold onychomycosis.
•	 Inform the lab when submitting culture specimens in which you suspect a 

pathogenic mold.
•	 Combination of systemic, topical, and podiatric treatments is often required.

Summary for the Clinician
•	 It is important to consider non-dermatophytic molds as causative agents of 

onychomycosis as rates of infections with these pathogenic agents are 
increasing.

•	 Diagnosis of mold infection can only be done by culture or PCR, as fungal 
stains of nail clippings do not provide discriminatory identification.

•	 Mold onychomycosis should always be considered in patients presenting 
with proximal subungual onychomycosis with periungual inflammation, 
deep white superficial onychomycosis, and pigmented onychomycosis.
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Chapter 8
Candida Onychomycosis

Edoardo Torres-Guerrero and Roberto Arenas

�Introduction

Onychomycosis is a fungal infection of nails that represents about 30 % of superfi-
cial mycotic infections. It is caused by dermatophytes, or non-dermatophytic molds, 
while Candida species have emerged as second-line pathogens [1]. This term is 
derived from the Greek words onychos (meaning nail) and mycosis (meaning fungal 
infection) [2]. But, it is traditionally referred to as non-dermatophytic infection of 
the nail, while tinea unguium specifically describes a dermatophytic invasion of the 
nail plate, but is now used as a general term to denote any fungal nail infection [3].

The importance of onychomycosis is often underestimated. In fact, onychomy-
cosis can have significant negative effects on patients’ emotional, social, and 

Key Features
•	 Candida species have emerged as second-line pathogens related to 

onychomycosis.
•	 Candida onychomycosis is increasingly found in individuals with defec-

tive immunity and that can be related with occupational aspects.
•	 Candida species is considered as one of the most important causes of fin-

gernail onychomycosis, especially in women.
•	 The organism invades the nail plate and may cause paronychia, onycholy-

sis, and melanonychia.
•	 The diagnostic route includes a complete interrogatory based on the 

patients’ history: a physical examination and microscopy and culture of 
nail specimens.
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occupational functioning and can, in addition, consume a sizable proportion of 
healthcare dollars. Affected patients may experience embarrassment in social and 
work situations, where they feel blighted or unclean, unwilling to allow their 
hands or feet to be seen [3]. Far more than being a simple cosmetic problem, 
infected nails serve as a chronic reservoir of infection which can give rise to 
repeated mycotic infections of the skin [4]. In spite of improved personal hygiene 
and living environment, onychomycosis continues to spread and persist [5].

�Epidemiology

Onychomycosis encloses all fungal infections of the nail due to filamentous and 
yeast fungi, accounting for up to 50 % of all nail disorders which range from distal 
and lateral subungual, superficial, proximal subungual, and dystrophic onychomy-
cosis; however, immunocompromised hosts can present a more significant health 
problem [6].

Over time, as the etiology of onychomycosis, yeasts from the genus Candida 
have emerged as important etiologic agents [7], so Candida onychomycosis is 
increasingly found in individuals having defective immunity consequential to aging, 
diabetes mellitus, vascular diseases, HIV infection, and drug therapies such as 
immunosuppressives and broad-spectrum antibiotics. Breached local immunity at 
the nail complex due to trauma, chronic exposure to moisture, and chemicals includ-
ing smoke, detergents, soap, etc., also contributes to Candida onychomycosis [1]. 
Moreover, numerous factors exist for increasing the prevalence of onychomycosis 
in modern life such as wearing of shoes especially high-heeled shoes, high-moisture 
areas (gymnasium and wrestling mattresses by great numbers of people), use of 
broad-spectrum antibiotics, and corticosteroid therapy. Candida species is consid-
ered as one of the most important causes of fingernail onychomycosis, especially in 
women [6].

Candida onychomycosis constitutes an important health problem that can be 
related with occupational aspects, and this genus of yeasts may be the principal 
causative agent of fungal nail infections in some regions. Many authors around the 
world have documented that this condition affects mainly adult patients of female 
gender and toenails are more frequently involved than fingernails. The causative 
species varies around the world, and in some regions, non-albicans species have 
shown an increase of its frequency.

In a multicenter study conducted by Álvarez and colleagues in Colombia, from a 
total of 299 patients with nail lesions, onychomycosis was found in 183 cases 
(141 in toenails and 38 in fingernails), with a predominance in females (53 in males 
and 126  in females), and 4 cases in toenails and fingernails simultaneously (all 
females). Yeasts were identified in 40.7 % and Candida albicans was the most com-
monly isolated yeast species [8].

In a retrospective, observational, and descriptive study of fungal cultures con-
ducted by Fich in Chile, specimens obtained from patients between December 2007 

E. Torres-Guerrero and R. Arenas



75

and December 2010 were analyzed. 29.1 % of cases with positive cultures were men 
and 70.9 % were women. Candida was retrieved from 467 of 8443 specimens (52 % 
fingernails and 48 % toenails), with a prevalence of 43.3 % for C. parapsilosis, 
while isolates of Candida guilliermondii were seen in 24.2 %, those of Candida 
albicans were present in 23.6 % of cases, those of Candida spp. were 4.3 %, and 
there were 4.71 % of cases of other isolates [9]. According to these data, Torres and 
colleagues in a retrospective study conducted in Mexico reported a frequency of 
Candida onychomycosis in 57.54  % of Candida mucocutaneous infections in a 
period of 6 years, with predominance in female gender of 65.49 % and a predilec-
tion of toenails’ involvement in comparison with fingernails (86.01 % vs 13.99 %), 
and they reported a frequency of C. albicans in 42.80 %, Candida krusei in 28.41 %, 
Candida tropicalis in 15.86 %, and Candida glabrata in 12.91 % [10].

In a study with 140 patients conducted in Tehran, results show that females are 
more infected than males. The most common age group infected was 41–60 years 
(40.7 %). Toenails were affected more frequently than fingernails, and dystrophic 
onychomycosis was the most common clinical type (seen in 39.2 % of patients). 
Yeasts were the most frequent etiologic agents isolated (71.4 %), followed by non-
dermatophytic molds in 17.1  % and dermatophytes in 11.5  % of patients [11]. 
According to these demographic data, in a study conducted in Paraiba, Brazil, from 
1999 to 2010, women were the most affected by onychomycosis, which occur pref-
erentially in adults, toenails are the favorite yeast targets, and the prevalent yeasts 
were Candida tropicalis and C. krusei [7].

Jesudanam et al., in India, studied 448 patients with nail abnormalities; and they 
reported Candida onychomycosis in 58.82 % of a total of 204 cases with positive 
direct microscopy, culture, or both, with a major prevalence in housewives (33.33 % 
of the total) [4]. Meanwhile, in Lebanon, Ellabib conducted a study with 500 
patients. Yeasts of the genus Candida (C. albicans, C. parapsilosis, C. glabrata,  
C. guilliermondii, and C. tropicalis) were identified as the dominant agents in 
women (96 %); in contrast, dermatophytes were predominant in men (80 %) [12].

During a period of 10 years (2003–2012), Afshar et al. conducted a study in Iran 
with 1100 patients suspected with onychomycosis, and from 464 cultures, Candida 
spp. was isolated in 61.9 % of the cases, as the most common agents of onychomy-
cosis [13].

On the other hand, Segal and colleagues analyzed epidemiologic parameters of 
onychomycosis in Israel. Data of a cohort of 27,093 patients, which were collected 
from six centers during a 10-year period, revealed that dermatophytes were the main 
causative agents of toenail onychomycosis, while Candida parapsilosis was the 
most frequent agent in women fingernails; and its frequency is increased with age 
[14]. A similar frequency of genera of causative agents was obtained by Seck et al. 
in Senegal, where dermatophytes predominate, but Candida albicans occupied the 
second position, with 90.86 % of isolated yeasts, and molds were isolated in nine 
cases (3.02 %) (all cases predominated in toenails) [15]. On the other hand, in a 
study conducted in Taiwan with 375 patients with onychomycosis, Chi et al. reported 
the isolation of dermatophytes in 227 patients (60.5 %), Candida in 118 (31.5 %), 
and molds in 30 (8 %) [16].
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In Argentina, Nazar and colleagues studied 414 patients with onychopathies, and 
they reported a prevalence of the toenail and fingernail mycoses of 78 % and 58 %, 
respectively. The major etiologic agents were Trichophyton rubrum, Candida spp., 
and Trichophyton mentagrophytes [17].

Diabetic patients have a special predisposition to be affected with fungal infec-
tions and Candida onychomycosis as Imbert reports in Mexico. In an observational, 
descriptive, and transversal study made with 261 diabetic patients from public insti-
tutions of health of the state of Hidalgo, Mexico, he revealed onychomycosis was 
caused by Candida guilliermondii, C. parapsilosis, C. glabrata, Candida spp., and 
unidentified molds and yeasts [18].

Papini, in Italy, reported that diabetic patients showed onychomycosis in 53.3 % 
and foot skin mycosis in 46.7 % of the cases, with a prevalence of both fungal infec-
tions significantly higher than that observed in nondiabetic individuals. Candida 
spp., Fusarium spp., Aspergillus spp., and other molds were found in about 1/3 
onychomycosis [19].

With respect to onychomycosis in childhood, in a study conducted in Korea with 
59 children, 2.3 % of onychomycosis in general population is seen in children. In 
toenails, Trichophyton rubrum was reported in 51.3 %, followed by Candida albi-
cans (10.2 %), C. parapsilosis (5.1 %), C. tropicalis (2.6 %), and C. guilliermondii 
(2.6 %); but in fingernails, C. albicans was the most common isolated pathogen 
(50.0  %) followed by T. rubrum (10.0  %) [20]. In another study, conducted by 
Gulgum in Turkey with 8122 schoolchildren (aged 5–16  years), culture-positive 
onychomycosis was detected in 27 cases, and yeasts were isolated in 10/27 cases 
(37.1 %), with a predominance of Candida glabrata (14.8 %) [21].

In a retrospective study conducted in Serbia, in a period from 2011 to 2015, out 
of 761 patients who underwent clinical and mycological examinations, 137 had 
Candida species isolated from nails. The dominant species was Candida albicans 
(36.59 %), C. parapsilosis (23.78 %), C. krusei (9.76 %), and C. guilliermondii 
(6.71 %) [22].

�Clinical Features

The organism invades the entire nail plate and may cause other clinical syndromes, 
including onycholysis and paronychia. These forms occur more commonly in 
women and often affect the middle finger. It may be related with professional 
aspects where the repeated contact with water or humidity predisposes to this condi-
tion [3, 23]. Candida onychomycosis can be divided into three general categories:

	1.	 Infection beginning as an infection of the structures surrounding the nail 
(paronychia). This is the most common type of Candida onychomycosis 
(Fig. 8.1). It starts as an edematous, reddened pad surrounding the nail plate; 
later, it can develop a periungual abscess. Candida spp. only penetrate the nail 
plate only secondarily after it has attacked the soft tissue around the nail 
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(unlike dermatophytic invasion). After infection of the nail matrix occurs, 
transverse depressions (Beau’s lines) may appear in the nail plate, which 
becomes convex, rough, and, ultimately, dystrophic [3, 23].

	2.	 Candida granuloma, which is more frequent in individuals with chronic muco-
cutaneous Candida infections, accounts for less than 1  % of onychomycosis 
cases. This condition is seen in immunocompromised patients and involves 
direct invasion of the nail plate, resulting, in advanced cases, in swelling of the 
proximal and lateral nail folds until the digit develops a pseudo-clubbing 
appearance.

	3.	 Finally, Candida onycholysis. This form is more frequent in fingernails than 
toenails, and it occurs when the nail plate has separated from the nail bed. Distal 
subungual hyperkeratosis can be seen as a yellowish-gray mass that lifts off the 
nail plate. The lesion resembles that seen in patients with distal subungual ony-
chomycosis [3].

Other clinical findings comprise fungal melanonychia (Fig. 8.2), with a greenish, 
brownish, or even black nail discoloration [23].

�Diagnostic Clues

The diagnostic route of onychomycosis (caused by dermatophytes, Candida spe-
cies, or other molds or yeasts) includes a complete interrogatory based on the 
patients’ history: a physical examination and microscopy and culture of nail speci-
mens [5].

The clinical presentation of dystrophic nails (with or without discoloration of the 
nail plate) should alert the clinician to the possibility of onychomycosis; however, 
it’s necessary to use appropriate diagnostic techniques including direct microscopy 
and fungal culture to ensure correct diagnosis and treatment. The clinical appearance 

Fig. 8.1  Paronychia
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of the nail will help to recognize fungal from nonfungal etiologies of nail dystro-
phies. A detailed interrogation of patient’s history can help to obtain information 
about predisposing factors for onychomycosis such as diabetes mellitus, older age, 
hyperhidrosis, professional occupations, hobbies, onychogryphosis, nail trauma, 
poor peripheral circulation, and immunosuppression [3].

Direct examination of a nail sample with potassium/sodium hydroxide (KOH or 
NaOH) or Chlorazol Black is the first step to support a clinical diagnosis of onycho-
mycosis. The specimen is obtained by scraping of nail plate in its ventral portion 
(hyponychium), and it should be divided into two portions for direct microscopy 
and culture. To identify the causative agent, the laboratory culture of sampled mate-
rial is necessary to identify the specific etiologic agent.

The specimen can be mounted in a solution of 20–25 % KOH or NaOH mixed 
with dimethyl sulfoxide and examined, first under ×10 and after under ×40 magni-
fication (if a suggestive structure is present) (Fig. 8.3). When the sample is counter-
stained with chitin-specific Chlorazol Black, fungal structures are accentuated (it 
takes a dark green or blackish color); this is of particular value if the number of 
fungal elements is sparse, and it can help to discriminate contaminants such as cot-
ton or elastic fibers, reducing the number of false-positive identifications [3, 23].

It is important to understand the limitations of direct microscopy in diagnosing 
the cause of onychomycosis, because this technique only serves as a screening test 
for the presence or absence of fungi, but it could be negative in approximately 15 % 
of cases, and this technique cannot identify the specific causative agents [3, 23]. 
Moreover, the sensitivity and specificity of this test are strongly influenced by the 
clinician’s training. When examining a KOH preparation, the presence of round or 
ovoid spores suggests yeasts, but pseudohyphae or true hyphae could be present too. 
Almost half of all specimens taken from onychomycotic nails fail to yield a patho-
gen in culture. Other diagnostic techniques for a direct examination include Gram, 
Papanicolaou, Wright, or PAS (periodic acid-Schiff) stains or, in case of its avail-
ability, fluorescence microscopy with calcofluor white stain.

Fig. 8.2  Fungal 
melanonychia due to 
Candida
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In onychomycosis, direct microscopy is the most efficient screening technique; 
however, careful matching of microscopic and culture results is necessary for the 
clinician to be confident of the diagnosis to avoid fungal resistance and therapeutic 
fails [3, 23].

Culture at room temperature (or at 37 ° C) is the only method by which the caus-
ative agents can be recognized. Routine culture media such as Sabouraud (with or 
without chloramphenicol), malt extract, or mycobiotic agar are adequate to obtain 
the fungal isolates, but cycloheximide inhibits the growth of Candida parapsilosis, 
C. tropicalis, C. krusei, and C. zeylanoides. The inoculation must be done rapidly 
because fungal and bacterial contaminants may obscure the real nail pathogen. After 
28–72 h at 37 ° C, colonies grow. These organisms produce white, smooth, and bril-
liant colonies with a creamy consistence. The identification of Candida species is 
very important to establish the therapeutic regimen. Some chromogenic culture 
media have been developed to identify the most frequent Candida species. These 
include CHROMagar®, Biggy® (Fig. 8.4), or Candida-ID® media, and they can 
identify some species such as Candida albicans, C. tropicalis, C. glabrata, and  
C. krusei [23].

Other no routine laboratory tests to identify different Candida species include 
serum-induced filamentation (to recognize C. albicans), tetrazolium salt assays, and 
sensitivity to cycloheximide test.

Also, some systematic biochemical tests are available to identify some species, 
such as API 20C, API 32C, Vitek®, Uni-Yeast Tek®, Minitek®, Yeast-Ident®, and 
MicroScan®, which are based on the metabolic and physiologic characteristics of 
this genus of yeasts [23]. Other identification tools such as ViteK MS®, MALDI 
TOF/TOF®, and mass spectrometers are used to a wide range of fungi including 
Candia spp.

Nowadays, molecular diagnostics are a useful tool to specific identification of 
particular Candida species, and it can be helpful at the moment of deciding the 
antifungal regime, because some species have an intrinsic drug resistance.

Fig. 8.3  Budding yeasts in 
direct microscopy 
(Chlorazol Black, 40X)
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DNA sequencing-based tests are very specific to identify and differentiate 
among several species of Candida and other microorganisms. In some research 
centers of China, PCR-based assays combined with internal transcribed spacers 
sequencing such as ITS1-5.8S-ITS2 rDNA regions are performed to reveal the 
prevalence of Candida species including emerging species in onychomycosis 
[24, 25]. Other assay procedures consisted of PCR amplification of the ITS using 
universal primers, followed by hybridization of the digoxigenin-labeled ampli-
cons to probes on the array [26]. For example, differentiation of C. parapsilosis 
complex species (Candida parapsilosis sensu stricto, C. metapsilosis, and  
C. orthopsilosis) is necessary, because C. parapsilosis has shown an intrinsic 
resistance to fluconazole in vitro. One method to help is the amplification of the 
secondary alcohol dehydrogenase (SADH) gene and digestion by the restriction 
enzyme Ban I [27].

However, the majority of these laboratory tools have a restricted availability, so 
a good clinical examination with a correct sampling of nail plate for direct micros-
copy and culture is still the most useful diagnostic strategy.

Fig. 8.4  Greenish colony 
of Candida albicans 
(CHROMagar® culture 
medium)

Summary for The Clinician
Onychomycosis encloses all fungal infections of the nail due to filamentous 
and yeast fungi, accounted for up to 50 % of all nail disorders. It is caused by 
dermatophytes or non-dermatophytic molds; however, Candida species have 
emerged as second-line pathogens, because Candida onychomycosis is 
increasingly found in individuals having defective immunity consequential to 
aging, diabetes mellitus, vascular diseases, HIV infection, and drug therapies 
such as immunosuppressives and broad-spectrum antibiotics. Moreover, 
numerous factors exist for increasing the prevalence of onychomycosis in 
modern life such as wearing of shoes especially high-heeled shoes, 
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Clinical Pearls
It may be related with immunosuppression or professional aspects where the 
repeated contact with water or humidity predisposes to this condition.
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Chapter 9
Pigmented Onychomycosis 
(Fungal Melanonychia)

Pablo Campos-Macias and Roberto Arenas

Melanonychia is defined as a brown or black pigmentation of the nail unit and 
has different etiologies; when caused by fungi, it is termed fungal melanonychia 
(Fig. 9.1).

Fungal melanonychia is an infrequent complication of onychomycosis [1].
Onychomycosis is the invasion of nails by fungi, regardless of its individual 

causative agents. Fungal melanonychia is a clinical variety of onychomycosis. It is 
most often caused by opportunistic filamentous pigmented fungi (also known as 
phaeoid or dematiaceous) and sometimes by non-dematiaceous agents which 
include some dermatophytes (Aspergillus spp.) and Candida spp. [1–3].

Key Features
Fungal melanonychia is a variety of onychomycosis. It is caused by dematia-
ceous fungi and rarely by yeasts and non-dermatophyte molds. Its main fea-
ture is brown to black pigmentation of the nail.

A full medical history is required for diagnosis. Due to the great number of 
causative agents, a complete mycological examination is necessary (dermos-
copy, KOH, culture, and, in some cases, histopathology, immunohistochemis-
try, and flow cytometry).

Fungal melanonychia is usually resistant to most antifungal agents.
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�Epidemiology

The fungal pathogens that cause fungal melanonychia are ubiquitous and become 
more common in areas close to the equator. Soil is their natural habitat, where they 
act as saprophytes or as plant pathogens, inhabiting decaying wood or polluted 
water. They are endemic in tropical and subtropical regions. In humans, their pres-
ence increases with age, as a consequence of slower nail growth, deteriorated immu-
nity, sedentarism, and difficulty in observing proper foot care [4]. They are more 
frequent in men than women and in toenails. Subcutaneous and systemic phaeoid 
fungal infections occur in immunosuppressed hosts, but superficial and localized 
infections, such as nail infections, occur in immunocompetent hosts and are not 
usually contagious. Infections caused by dermatophytes and yeasts can occur both 
in immunosuppressed and immunocompetent hosts [1, 5].

�Etiology and Pathogenesis

Unlike dermatophytes, non-dermatophyte molds (NDM) are not keratinolytic and 
affect nonkeratinized intercellular cement. They act as opportunistic pathogens, 
causing infection only when keratin has been disrupted by dermatophytes, trauma, 
or other nail diseases [6].

Fig. 9.1  Fungal 
melanonychia
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Dermatophytes are keratinophilic fungi whose presence is limited to structures 
containing keratin. Local factors such as humid work environments or nail trauma, 
or systemic factors, may promote the growth of Candida and similar yeasts.

NDM cause 1.5–17.5 % of onychomycoses [7]. A 2012 report by Finch et al. lists 
29 causative agents: 21 dematiaceous species and 8 non-dematiaceous species [1]. A 
year later, Patrick and Woo reported three new Exophiala species [8–9] (Table 9.1).

Neoscytalidium dimidiatum (formerly Scytalidium dimidiatum) is the most iso-
lated dematiaceous fungus in cases of fungal melanonychia; a mutant nonpig-
mented variety, S. hyalinum, has also been described [10–12]. These are 
thermotolerant fungi found in nature as pathogens in trees, vineyards, and root veg-
etables. Their presence has been documented in several countries, and they are 
endemic in two zones: Southeast Asia, mainly in Thailand, and the Caribbean, 
especially in Trinidad and Tobago, with a prevalence of 41–45 %. In Europe and the 
USA, they have been found mostly in migrants from tropical areas. Some cases 
have been reported in India, Far East, France, the UK, Spain, and Africa. Most 
infections by dematiaceous fungi are limited to the nails and skin, with clinical 
features resembling those of dermatophyte infections. KOH shows filaments of 
varying thickness, with a double contour because of the retraction of the cytoplasm 
from the cell wall. Cycloheximide-containing media impair their growth. Colonies 

Table 9.1  Phaeoid agents of fungal melanonychia

Acrothecium nigrum Exophiala species
Alternaria species  � Exophiala (Wangiella) jeanselmei

 � Alternaria alternata  � Exophiala (Wangiella) dermatitidis

 � Alternaria chlamydospora  � Exophiala Hongkongensis

 � Alternaria tenuis  � Exophiala bergeri

 � Alternaria humícola  � Exophiala oligosperma

 � Alternaria pluriseptata Fusarium oxysporum

Aureobasidium pullulans (possible case) Hormodendrum elatum

Botryodiplodia (Lasiodiplodia) theobromae Microascus desmosporus

Chaetomium perpulchrum Phyllostictina sydow

Cladosporium (Cladophialophora) carrionii Pyrenochaeta unguis-hominis

Cladosporium sphaerospermum Nattrassia mangiferae

Curvularia lunata Scytalidium species
 � Scytalidium dimidiatum

 � Scytalidium hyalinum

Non-phaeoid agents of fungal melanonychia
Aspergillus niger Candida species
Blastomyces  � Candida albicans

Dermatophytes  � Candida humicola

 � Trichophyton rubrum  � Candida parapsilosis

 � Trichophyton soudanense  � Candida tropicalis

9  Pigmented Onychomycosis (Fungal Melanonychia)



88

grow rapidly in culture, and dematiaceous varieties show a gray to black pigmenta-
tion. Microscopically, chains of arthroconidia often appear branched, with thick 
walls that are sometimes bicellular and a hue from hyaline to dark [2].

Alternaria alternata is the Alternaria species most frequently isolated in cases of 
ungual melanonychia. It is a common fungus in soil, manure, plants (chrysanthe-
mums, strawberries, tomatoes, carrots, asparagus), wood, and foods. The presence 
of conidia in the air and in damp environments makes it a common allergen. 
Alternaria can cause superficial skin and nail lesions, but extracutaneous diseases 
are very rare. Direct KOH examination reveals slightly irregular pigmented fila-
ments. Colonies in culture are dark colored, with a wooly or dusty appearance. 
Their microscopic features are long, straight, pigmented conidiophores with brown, 
smooth-walled, and septated muriform conidia with a round base and a sharp apex, 
isolated or in chains [13–15].

Less common dematiaceous fungi include some species of Exophiala found in 
carbohydrate-rich and humid environments (polluted water, restrooms, sauna). 
Prior to 2012, four cases of onychomycosis caused by E. dermatitidis and three 
cases caused by E. jeanselmei had been reported. In 2013, Patrick and Woo reported 
an additional four cases, including the first known case associated with E. hongkon-
gensis, E. bergeri, and E. oligosperma [8].

Other dematiaceous fungi have been reported to cause melanonychia (Table 9.1).
Among the non-dematiaceous fungi, Trichophyton rubrum is the most frequently 

isolated agent of fungal melanonychia [1]. It has been reported that strains can pro-
duce a diffusible black pigment [16, 17].

Further studies have shown that dermatophytes, including T. mentagrophytes,  
T. rubrum, E. floccosum, and M. gypseum, can synthesize melanin or melanin-like 
pigments when grown in vitro and that these pigments are present in septate hyphae 
in dermatophyte-infected skin; however, there is no available data to suggest that 
melanin plays a critical role in the pathogenesis of dermatophytosis [18].

Aspergillus niger has been reported to cause diffuse, black melanonychia, and 
subungual onychomycosis [19–21].

Species of Candida isolated in cases of melanonychia include Candida albicans, 
Candida humicola, Candida tropicalis, and Candida parapsilosis [22–25]. In 2005 
Morris-Jones demonstrated the synthesis of melanin by Candida albicans both 
in vitro and in active infection [26].

�Biological Features of Pigmented Fungi

Seyedmojtaba Seyedmousavi’s 2014 review of the biology of black yeasts and their 
filamentous relatives identifies virulence factors.

Melanins are high-molecular-weight brown to black pigments found in human 
beings, plants, and fungi alike, although with variable molecular structure and syn-
thesis. The melanin pigment is believed to contribute to the organism’s ability to 
elude host immune responses through blocking the effects of hydrolytic enzymes on 
the cell wall and scavenging free radicals liberated by phagocytic cells during the 
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oxidative burst. The presence of melanin has an inhibitory effect on receptor-
mediated phagocytosis, interfering with nitric oxide production, and protects black 
yeast from destruction by host cells in vitro. Also mechanism of carotenoid action 
is more likely to consist of shielding sensitive molecules or organelles than of neu-
tralization of harmful oxidants.

Chitin syntheses are considered cell wall-associated virulence factors, because 
cell walls of fungi act as initial protective barrier against potential hostile environ-
ment. Chitin, an unbranched beta-1,4-linked homopolymer of N-acetylglucosamine 
(GlcNAc), is a structural component of the fungal cell wall and plays important 
roles in cellular development, structural morphogenesis, spore formation, and the 
maintenance of cell wall integrity.

The development of pigmented muriform cells is an important virulence factor 
for black yeasts and their filamentous relatives. The presence of this form of repro-
duction is thought to be an adaptation to harsh environmental conditions, such as 
low temperature, low water availability, acidity, nutrient deficiency, high UV expo-
sure, high salt concentrations, or high temperature.

Black yeast species that are able to grow at temperatures of 37 °C or higher (ther-
motolerance) may cause systemic or disseminated infections in mammals, while 
those with maximum growth temperatures (35–37  °C) cause subcutaneous and 
superficial infections in humans.

Cell wall hydrophobicity and adhesion may be factors for pathogenesis of some 
black yeasts and their filamentous relatives. Inside the host, infectious propagules 
adhere to epithelial cells and differentiate into muriform cells, which effectively 
resist destruction by host effector cells and allow the establishment of chronic dis-
ease. This phenomenon may be enhanced by relative cellular hydrophobicity due to 
the presence of hydrophilic extracellular polysaccharides.

Host defense against black yeasts and their filamentous relatives has been shown 
to rely mainly on the ingestion and elimination of fungal cells by cells of the innate 
immune system, especially neutrophils and macrophages. A failure in innate recog-
nition can result in chronic features that highlight the lack of pattern recognition 
receptor signaling. Cell-mediated immunity is more critical than a humoral immune 
response for host defense against diseases caused by black yeasts and their filamen-
tous. Severe forms are characterized by elevated production of IL-4 and IL-10. 
These mediators, associated with low IFN-γ and lymphocyte proliferation levels, 
may result in a depressed cellular immune response. In contrast, patients with the 
mild form represent the opposite pole, in which high-level IFN-γ production paral-
lels lymphocyte proliferation, in addition to very low levels of IL-10 [27].

�Clinical Features

The clinical manifestation of fungal melanonychia is typically brown to black discol-
oration (Fig. 9.1). Also dystrophic nails, onycholysis, thickening, subungual hyper-
keratosis and paronychia can be observed. The clinical pattern of nail involvement 
can raise clues as the origin of infection. Distal and lateral subungual onychomycosis 
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is the most common clinical pattern of nail infection. In Neoscytalidium species 
affection nails can become markedly thickened, and keratinous debris can be collects 
under the nail [1]. Distal subungual onychomycosis and occasionally distal ony-
cholysis are the clinical patterns of nail infection by Alternaria [13, 28, 29] (Fig. 
9.2a–c). Longitudinal or distal melanonychia is more common with strains of derma-
tophyte such as T. rubrum [1] (Fig. 9.3).

When fungal nail infection produces longitudinal melanonychia, the band of pig-
mentation is typically wider distally and tapers proximally, consistent with distal-
to-proximal extension of infection.

Proximal subungual onychomycosis, with infection beginning at the proximal 
nail fold and extending distally, is a common presentation of onychomycosis as a 
result of non-dermatophyte molds. It is often associated with paronychia, and the 
more common pathogen microorganism is Candida; although this yeast is capable 
of melanin synthesis, nail pigmentation more commonly results from activation of 
host melanocytes caused by paronychial inflammation more common in darker skin 
phototypes [1, 7, 26, 30] (Fig. 9.4a–c). Proximal subungual onychomycosis with 
periungual inflammation by Neoscytalidium can be observed [11].

Black superficial onychomycosis is commonly caused by Trichophyton rubrum 
and Neoscytalidium spp. Aspergillus onychomycosis typically involves a superficial 
white pattern but can appear as proximal subungual onychomycosis, striated deep 
leukonychia or dark spots, and diffuse melanonychia. The black discoloration is 
likely from A. niger’s darkly colored pigment aspergillin [21]. It is frequently 
accompanied by periungual inflammation and black pigmentation of the proximal 
nail fold [20, 31].

Any of the above clinical patterns of onychomycosis may lead to complete 
destruction of the nail, known as total nail dystrophy [1] (Fig. 9.5).

�Diagnosis

Diagnoses of fungal melanonychia cannot be made on the basis of clinical observa-
tion alone. Direct microscopy examination (KOH or chlorazol black E® Delasco, 
Council Bluffs, IA) plays an important role in diagnosing nail fungal infections and 
confirms infection by ascertaining the presence of fungal hyphae/filaments or yeast 

a b c

Fig. 9.2  (a) Melanonychia caused by Alternaria alternata, (b) dark-colored colonies with a 
cotton-like aspect, (c) pigmented conidiophores with muriform conidia
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pseudohyphae (Fig. 9.4b); with dematiaceous organisms, the pigmentation is often 
clearly seen in direct microscopy. However, fungal cultures are the only definitive 
test that can be used to identify the genus and the species on the infectious organism 
(Fig. 9.2b). Fungal cultures are the most important method for identification of the 
causative organism. The use of cycloheximide-containing media must be avoided, 
as it inhibits the growth of dematiaceous and opportunistic fungi. Demonstrating 

Fig. 9.3  Melanonychia 
caused by Trichophyton 
rubrum

a b c

Fig. 9.4  (a) Melanonychia caused by Candida parapsilosis; (b) direct examination shows yeasts; 
(c) evidence of yeasts in histopathological examination
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that a dematiaceous mold is the causative agent of melanonychia can be challenging 
because these species are common environmental contaminants or secondarily col-
onizing agents. Since molds are common contaminants in the laboratory, cultures 
from consecutively taken nail scrapings should be made and carefully evaluated in 
order to diagnose a mold onychomycosis. The criteria set forth by English can be 
helpful in establishing the pathogenicity of NDM in onychomycosis [1, 6].

Exceptionally histologic analysis of nail biopsy specimens is necessary for defin-
ing the nature and localization of fungi in the nail plate (Fig. 9.4c). 
Immunohistochemistry and flow cytometry can lead us prominent information 
about identification of fungi [32].

Dermoscopy is a noninvasive method that helps to narrow the differential diag-
nosis of ungual pigmented lesions and can assist in the recognition of fungal mela-
nonychia [33].

�Differential Diagnosis

The observation of a black-brown pigmentation of the nail is often alarming for the 
patient and for the clinician, as they are aware that it can be a possible clinical mani-
festation of melanoma of the nail apparatus. Nail melanoma is not the most 

Fig. 9.5  Melanonychia 
caused by Trichophyton 
rubrum, total nail 
dystrophy
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common cause of nail melanonychia. However, the severity of this malignancy and 
the importance of early diagnosis in its treatment place it at the center of differential 
diagnosis.

Because a multiplicity of factors can cause nail pigmentation, a careful study 
protocol should be followed in these cases. For a detailed summary of the differen-
tial diagnosis of nail pigmentation, see the excellent article by Piraccini et al. [34].

Nail pigmentation may be secondary to endogenous or exogenous factors. A 
detailed patient history is a crucial part of the clinical examination. It is important to 
investigate occupational exposure, athletic activities, and past medical history, 
including systemic or cutaneous diseases, medication, the time and manner of pig-
mentation appearance, its evolution, and accompanying symptoms. Physical exami-
nation should be conducted in a well-lit area, all nails should be examined, and the 
number of affected nails should be recorded.

Nail evaluation must include the nail plate and the periungual tissues, including 
the distal pulp, and should be done moving the digit, so as to look at it frontally, 
laterally, and from below [34].

Nail pigment of non-melanocytic origin (nail hyperchromia).

�Exogenous Pigmentation

Among the most frequent causes of exogenous pigmentation are contact with chem-
ical agents, topical application of therapeutic agents such as silver nitrate, tobacco, 
and cosmetics [35].

Subungual hematoma usually appears as a reddish to reddish-black pigment 
depending on the age of the bleed. By dermoscopy we are able to identify small 
reddish to reddish-black globules along the proximal and lateral margins of the pig-
ment. The distal part will often have streaks of pigment. The pigment is homoge-
nous and no melanin granules can be observed. The hematoma will progressively 
grow out distally as the nail plate grows (Fig. 9.6a, b). Any subungual hemorrhage 
that does not grow out with the nail or that recurs at the same place requires special 
attention [34–36].

�Nail Pigmentation of Melanocytic Origin

Longitudinal melanonychia (ML) is a result of focal melanocytic activation.
Racial longitudinal melanonychia is present in 80  % of Afro-Americans, 

50 % of Hispanics, and 10–30 % of Japanese and is observed in dark-skinned 
individuals with skin types V and VI, especially those over 60 years of age; they 
can present as single or more often multiple bands involving one or more digits 
(Fig. 9.7).
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a b

Fig. 9.6  (a) Subungual hematoma; (b) the hematoma will move distally as the nail plate grows

a b

Fig. 9.7  (a) Racial longitudinal melanonychia; (b) melanonychia striata
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The more frequent manifestation of traumatic longitudinal melanonychia is mel-
anonychia which involves the fourth and fifth toenails that undergo friction with the 
shoes, more frequent in women (Fig. 9.8). Melanonychia due to auto-induced nail 
diseases is associated with signs of mechanical damage of nail matrix, nail plate, or 
periungual tissues.

Drug longitudinal melanonychia is due to chemotherapeutic drugs, the most 
common of which are daunorubicin, methotrexate, etoposide, cytarabine, cyclo-
phosphamide, and hydroxyurea [37–41] (Fig. 9.9).

Inherited diseases such as Laugier-Hunziker syndrome is an acquired disorder of 
the pigment system. The characteristic findings include longitudinal melanonychia 
and macular pigmentation of the lips, mouth, and anogenital area [42, 43].

Endocrine longitudinal melanonychia is nail pigmentation during pregnancy 
[44]. It occurs as a manifestation of Addison’s disease or pituitary adenoma 
[45, 46].

Longitudinal melanonychia may be associated with inflammatory nail disorders 
such as psoriasis or lichen planus or autoimmune diseases like systemic lupus ery-
thematosus and localized scleroderma [47–49].

Longitudinal melanonychia is a result of non-melanocytic nail tumors that acti-
vate melanocytes resulting in the formation of a longitudinal pigmented nail band, 
such as Bowen disease [50, 51], squamous cell carcinoma [52, 53], and subungual 
basal cell carcinoma [54].

Nail pigmentation is a result of melanocytic proliferation.

Fig. 9.8  Frictional 
melanonychia of the fifth 
toe
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Longitudinal melanonychia of one nail is not associated with nail lesions that 
explain its appearance; onset in childhood is in most of the cases due to nail matrix 
nevus (Fig. 9.9). Nail melanoma is exceedingly rare in children [55–57].

Adult-onset melanonychia of a single digit is an alarming sign which should be 
carefully evaluated for melanoma (Fig. 9.10). As many as two thirds of ungual mel-
anomas begin with brown to black pigmentation of the nail. In 2000, Eyal K Levit 
and his group established six criteria to improve early detection and thus survival of 
subungual melanoma, namely, ABCDEF of subungual melanoma [58], of which 
Piraccini emphasizes items A, B, and E. A stands for age (peak incidence being in 
the fifth to seventh decades of life and African-Americans, Asians, and native 
Americans in whom subungual melanoma accounts for up to one third of all 
melanoma cases); B stands for brown to black band with breadth of 3 mm or more 
and variegated borders and E stands for extension of the pigment onto the proximal 
and/or lateral nail fold (i.e., Hutchinson’s sign) (Fig. 9.11). Fungal melanonychia 

Fig. 9.9  Melanonychia 
due to chemotherapy

Fig. 9.10  Subungual 
nevus in a schoolchild
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may clinically mimic subungual melanoma, so an accurate, timely diagnosis is of 
first importance. Dermatoscopy can be a useful diagnostic tool when performed by 
experienced personnel; certain variables, such as nails that are extremely thick or 
completely black, can yield false results. The definitive diagnosis of subungual mel-
anoma is made by biopsy.

�Treatment

Black nail pigmentation is a distressing symptom, and many patients seek medical 
attention for fear that it may be a sign of malignancy. When cancer is ruled out and 
a diagnosis of fungal melanonychia is established, some patients choose not to pur-
sue treatment (Fig. 9.12).

The treatment of onychomycosis due to non-dermatophytic molds is difficult, 
as there is today no consensus. The choice of an antifungal agent will first 
depend on the species that is involved in the infection but also on the severity of 
nail lesions and on the patient himself. In most cases the onychomycosis will be 
cured with chemical or mechanical removing of the infected tissues, followed 
by a local antifungal treatment. In some cases, a systemic therapy will be dis-
cussed [59].

Treatment of Neoscytalidium dimidiatum infection is exceptionally difficult, as it 
does not respond to griseofulvin, ketoconazole, fluconazole, itraconazole, or terbin-
afine [60]. A report by Tosti lists the outcomes of treatment in 431 cases of onycho-
mycosis, including 59 cases caused by molds. A variety of treatments were used 
(systemic itraconazole, systemic terbinafine, topical terbinafine following nail plate 
avulsion, and ciclopirox nail lacquer), resulting in the cure of 69.2 % of S. brevicau-
lis cases, 71.4 % of Acremonium cases, and 40 % of Fusarium cases. The study 
concludes that topical therapy may prove more successful than systemic therapy in 
these cases. Regarding infection by Aspergillus, the study reports positive responses 
to both systemic and local treatments, which agrees with previous findings [7, 61]. 
Garcia and Arenas report the successful treatment of a case of Aspergillus niger 

a b

Fig. 9.11  Melanoma. (a) Adult-onset linear melanonychia; (b) Hutchinson’s sign
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infection with 2 months of oral terbinafine and topical 1 % bifonazole plus 40 % 
urea cream [21]. In cases of onychomycosis due to Alternaria infection, studies 
report a favorable response to treatment with itraconazole [28, 62].

Newer antifungal agents include tavaborole, the first FDA-approved oxaborole 
antifungal agent, and efinaconazole 10  % topical solution, a triazole recently 
approved for the treatment of onychomycosis [63–65].

Summary for the Clinician
Fungal melanonychia constitutes 1.5–17.5 % of onychomycoses. It is most 
often caused by opportunistic filamentous pigmented fungi (phaeoids or 
dematiaceous organisms). Non-dematiaceous causative agents include some 
dermatophytes, Candida and Aspergillus. Causative agents have a worldwide 
distribution.

Ungual infections occur in immunocompetent hosts. Pathogen identifica-
tion is key to planning adequate treatment, due to the wide variety of possible 
causative agents and because dematiaceous fungi are resistant to most anti-
fungal drugs.

Differential diagnosis includes diseases that cause non-mycotic melano-
nychia, mainly frictional melanonychia of the fourth and fifth toes, racial lon-
gitudinal melanonychia, and subungual hematomas. Adult-onset melanonychia 
in particular is an alarming sign that warrants careful investigation in order to 
rule out melanoma.

Fig. 9.12  Subungual melanoma, Hutchinson’s sign
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Chapter 10
Direct Microscopy and Culture: 
What You Need to Know

Roberto Arenas, Diana C. Vega, and Julieta Ruiz-Esmenjaud

Onychomycoses are nail infections caused by dermatophytes, yeasts, and non-
dermatophytic molds (NDM). Direct examination with KOH, chlorazol black, cal-
cofluor white, and culture are the current mycological studies to confirm the clinical 
diagnosis [1–4].

Direct examination is performed from the sample obtained by nail scraping with 
a scalpel blade, a curette, or a vertical perforation of the nail plate [4]. The most 
convenient site to obtain it, in distal subungual onychomycosis, is from the nail bed 
or from the ventral area, as well as the proximal part of the affected nail; in the white 
superficial forms, one scratches the friable part of the dorsal aspect of the nail; in the 
proximal forms, one must perform a small hole in the proximal part of the nail to 
expose the affected site of the nail and perform the scraping. In cases of candidal 
paronychia, one can take small fragments from the cuticle.

This examination is performed with sodium or potassium hydroxide (KOH or 
NaOH) 10–40% on the nail scraping and slightly heating the sample with a Bunsen 
lighter, or we can avoid the heating if the KOH is mixed at equal proportions with 
dimethyl sulfoxide (DMSO). Nowadays, chlorazol black is suitable because it stains 
just the fungal chitin and is easily observed with a dark or blue color, and artifacts 
are not confused with fungi structures (Fig. 10.1). If a fluorescence microscope is 

Key Features
 KOH, chlorazol black, calcofluor white, and culture are the current myco-

logical studies to confirm onychomycosis.
 Direct examination in dermatophytic onychomycosis shows septate fila-

ments, arthrospores, or dermatophytoma.
 In yeast infections pseudohyphae and blastospores are usually observed.
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available, we can perform the fluorochrome, calcofluor white stain; this is a desir-
able method, because it allows to visualize even few elements [4, 5].

Long or septate filaments and arthrospores are observed under the microscope. 
In dermatophytic infection, a dermatophytoma can be found, this is a large accumu-
lation of filaments and spores, and these fungal elements can explain in some cases 
the lack of response to treatment (Fig. 10.2).

In Candida onychomycosis, one can visualize hyphae, pseudohyphae, and blas-
tospores. In dematiaceous fungi we can find dark hyphae, but some non-
dermatophytic molds may give similar images to dermatophytes, but in some of 
them, special characteristics are observed as, in Aspergillus, aspergillar heads; in 
Scopulariopsis, huge lemon-shaped spore; and, in Scytalidium, narrow and tortuous 
hyphae [4].

False negatives are due to inexperience in obtaining or reading the sample 
(20%). Microscopic exam does not allow us to distinguish the viable and nonviable 
forms [4].

Culture is performed in Sabouraud dextrose agar (SDA) with antibiotics such as 
chloramphenicol and cycloheximide (Actidione®) if a primary pathogenic fungus 
is suspected, but the use of culture mediums is convenient without Acti-dione® if 

Fig. 10.1  Direct 
examination in nail 
clipping (chlorazol black 
40×)

Fig. 10.2  Dermatophytoma 
(chlorazol black 40x)
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one suspects a non-dermatophytic mold or a yeast (Figs. 10.3 and 10.4). It is 
convenient to put in the tube or in the Petri dish small fragments of the nail or to 
pulverize the sample [4].

Usually, it is difficult to isolate the causal agent given the poor sample and the 
low viability (30–60%); this percentage of false negatives increases after having 
received a recent treatment or when the scraping is not taken in the limit between 
the healthy and diseased nail.

Cultures must be incubated at room temperature (24–28° C), and the colonies 
can be observed from 1 week to 1 month, but NDM and yeasts can grow in less than 
1 week; culture is considered negative after 3–6 weeks. If negative, it could be con-
venient to repeat the complete mycological study [1–4], especially if we have also a 
negative KOH.

Isolated fungi require a proper interpretation of the mycological samples, because 
not all the yeasts and non-dermatophytic molds are necessarily pathogens, and 
should be isolated in several occasions or should grow in abundance in the cultures.

Fig. 10.3  Candida spp. 
culture in SDA

Fig. 10.4  Candida spp. 
blastospores, hyphae, and 
pseudohyphae
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If a specialized personnel is not available, DTM (dermatophyte test medium) is 
recommended; this is a medium with antibacterial and red phenol as indicators, so 
bacteria will be inhibited, and if a dermatophyte grows, there is a color virage from 
yellow to red.

The fungi more frequently isolated among dermatophytes are mainly 
Trichophyton rubrum (Fig. 10.5) and T. mentagrophytes var. interdigitale and very 
rare are T. mentagrophytes var. mentagrophytes, T. tonsurans, Epidermophyton floc-
cosum, Microsporum canis, M. gypseum, T. soudanense, T. violaceum, T. erinacei, 
and T. equinum. Among the yeasts especially C. albicans and C. parapsilosis, some 
cases related with Candida ciferri and in immunocompromised hosts Candida gla-
brata. Among NDM: Scopulariopsis brevicaulis (Fig. 10.6), Fusarium sp. and 
Aspergillus sp., Acremonium sp., Paecilomyces sp., Onychocola canadensis Also 
Neoscytalidium sp., Alternaria alternata, Chaetomium globosum and another black 
fungi. It has been informed of lethal dissemination of the infection by Fusarium 
from an onychomycosis in a neutropenic patient [4].

Biopsy is the gold standard, but usually it can be performed when a case of ony-
chomycosis is highly suspicious and the mycological exams are negative or in 
uncommon cases. A 4 mm punch biopsy can be performed or a longitudinal, and 
lateral 2 mm biopsy is preferred that includes all the length of the nail, including 
matrix, proximal fold, nail bed, and hyponychium [5–7].

In onychomycosis, microabscess with leukocytes in the horny layer can be 
found, spongiosis, leukocytes exostosis, and lymphocytes, sometimes spongiform 
pustules and the presence of fungi elements in variable quantities.

In lateral and distal subungual onychomycosis, the filaments are visualized in 
the hyponychium or in the nail bed, and they take a longitudinal distribution; 
also, round spores can be observed and correspond to dermatophyte arthrospores 

Fig. 10.5  Trichophyton rubrum. Culture in SDA
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(Fig. 10.7); papillomatosis can be present in the nail bed as well as neutrophil 
microabscesses in the horny layer, spongiosis, and exocytosis; the inflammatory 
reaction can be mild. In leukonychia cases, the fungi behave as saprophytes with 
“tortuous” hyphae, arthrospores in chains, short hypha, and even the so-called 
perforation organs; there is not an inflammatory reaction in the nail bed [4]. In 
the PWSO a thick lamina is observed with abundant fungal elements and a mild 
inflammatory reaction. In the total dystrophic onychomycosis, the nail plate is 
irregular or can lose all its structure. When Candida is the causal agent, one can 
visualize spores and germinated tubes and lymphocyte exocytosis with cerebri-
form nuclei [4].

In some cases of nail psoriasis, we can find more pronounced parakeratosis, 
subungual abscesses in the horny layer, spongiform pustules, and parakeratosis 

Fig. 10.6  Scopulariopsis 
brevicaulis. Culture in 
SDA

Fig. 10.7  Hyphae and 
spores (PAS 40×)
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foci. Histopathology of the nail allows to differentiate onychomycosis from other 
inflammatory entities such as lichen planus, alopecia areata, and eczema. Some 
saprophytic fungi or secondary colonization can mainly affect previously dam-
aged nails [4–7].

The biopsy can be an important diagnostic tool, detecting the fungus using H&E 
and PAS stains. The histological test with PAS stain is fast, simple, and reliable in 
evaluating onychodystrophies, and the onychomycosis of the nail plate shows a low 
sensitivity (62%) but a high specificity (100%); Gomori-Grocott or Gridley [6–8] 
can be performed and also the KONCPA technique (KOH treated nail clipping 
stained with PAS) or fluorescence techniques [9].

We can use antibodies, immunohistochemistry, and flow cytometry as other tech-
niques to identify pathogenic fungi in the nail.

In another section of this book, we mention molecular techniques such as PCR 
to increase sensitivity and specificity of the diagnostic tools. It has been found 
that the gene fragments that codify for 18S-rARN are amplified in the infected 
nails, but not in the healthy ones, to be able to recognize the spices and also the 
RFLP (restriction fragment length polymorphism) patterns, using Haell endonu-
cleases [10–12].

Summary for the Clinician
 Direct examination with KOH, chlorazol black, calcofluor white, and culture 

are the current mycological studies to confirm clinical diagnosis. It is per-
formed after nail scraping with a scalpel blade or a curette. Chlorazol black 
is suitable because it stains just the chitin and fungal elements that are eas-
ily observed with a dark or blue color.

 Causal agents are difficult to isolate, especially dermatophytes (30–60%). 
Yeasts and NDM must be isolated in a huge quantity.

 Biopsy is the gold standard, but it is usually performed when a case of ony-
chomycosis is highly suspicious and the mycological exams are negative.

 Molecular tools are also available.

Clinical Pearls
 Nail scraping and examination with KOH, chlorazol black, and calcofluor 

white usually confirm clinical diagnosis of onychomycosis.
 Dermatophytes are causal agents which are difficult to isolate. Also yeasts 

and NDM can be etiological agents.
 Biopsy is usually performed when one suspects onychomycosis and myco-

logical exams are negative.
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Chapter 11
Molecular Techniques (PCR)

Rigoberto Hernández-Castro, Ramón Fernández-Martínez, 
Gabriela Moreno-Coutiño, and Roberto Arenas

�Introduction

The conventional method for the identification of the etiological agents of onycho-
mycosis is the fungal culture, considered the gold standard; however, it has several 
disadvantages such as a high rate of false-negative results and when it does grow, 

Key Features
• � The polymerase chain reaction (PCR) is a highly sensitive and specific 

molecular technique for onychomycosis diagnosis.
• � The commercial kits allow an ideal DNA extraction from clinical samples 

of onychomycosis and fungal cultures.
• � The genomic regions mostly used for onychomycosis diagnosis are the ITS1 

and ITS2 region. Other useful genes are the chitin synthase 1 and β-tubulin.
• � The panfungal primers are the principal ones for fungal species 

identification.
• � The real-time PCR helps identify fungal presence and its species in clinical 

samples in a fast and specific way.
• � The sequencing of the PCR-amplified DNA is highly sensitive and specific 

for fungal species identification.
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the utilized time may take up to 4 weeks to do so. These disadvantages are being 
tried to decrease with the development of molecular techniques that allow species 
identification in a time span of 24–48 h, which is a considerable reduction when 
compared to 4 weeks. These techniques also permit the detection of difficult-to-
grow fungi and generate reproducible results with high specificity and sensibility.

Although molecular techniques are still not used as routine tests for these pur-
poses, its applications in investigative protocols have been constantly increasing 
during the last years and, thus, have allowed a cost reduction in its supplies making 
it more accessible. The downside of molecular biology is that it requires qualified 
personnel and the specific infrastructure to develop the procedures.

�State of the Art

�DNA Extraction

DNA extraction is a crucial step for any molecular technique either for basic or 
clinical research with any microorganism or cell type. The extraction methodol-
ogy must allow the DNA obtained to be of the highest quality, purity, and integ-
rity. The different methods vary according to the origin of the DNA sample, from 
a clinical sample or from a pure culture. When working with fungi, specialized 
techniques are required because of the characteristic components of the fungal 
cell wall; they can be mechanic, physic, or enzymatic [1–3]. The majority of DNA 
isolation methods involve three steps: cellular lysis, inactivation of nucleases, and 
purification.

For DNA extraction by enzymatic digestion (cellular lysis), Proteinase K, lyti-
case, zymolyase, or other cell wall-degrading enzymes are used [4, 5]. The mechanic 
procedure includes freezing with liquid nitrogen and crushing of the sample with 
mortar and pestle, sand, or glass beads. The physical methods may break the cellular 
wall with microwaves or sonication [6–8]. To obtain a sufficient amount of DNA, 
these methods require a large quantity of clinical sample and DNA-purifying sub-
stances such as phenol-chloroform and RNAse treatment. Something that we must 
keep in mind is that the physical and mechanical methods may cause DNA rupture 
or degradation [1–3, 9].

For DNA extraction, the noncommercial methods are very efficient when using 
a large amount of fungal culture; however, they are not recommended for working 
with large amounts of clinical samples or paraffin-embedded tissues. The use of 
commercial methods is very helpful for molecular diagnosis in all sample types and 
avoids cross contamination, they can handle large number of samples, and the meth-
odological standardization and reagents are simple and faster to use and sometimes 
even more cost-effective [6, 10–12]. The process includes cellular lysis, RNA 
removal, protein and polysaccharide elimination, and the union by centrifugation of 
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DNA to the column. The centrifugation is usually done under refrigeration and 
requires several wash cycles with tube change in every extraction. The purity, integ-
rity, and amount of DNA obtained are higher than the obtained via noncommercial 
methods [13–15].

For the reasons mentioned above, the use of commercial kits has increased when 
fungal DNA extraction is required. Some of the most popular are Fast DNA Kit 
(Qbiogene, Irvine, CA, USA), ZR Fungal/Bacterial DNA Kit (Zymo Research, 
Irvine, CA, USA), DNeasy Plant Mini Kit or DNeasy Blood and Tissue DNA 
Extraction Kits (Qiagen, Valencia, CA, USA), UltraClean Soil DNA Isolation Kit 
(Mo Bio Laboratories Inc., Carlsbad, CA, USA), MasterPure Yeast DNA Purification 
Kit (Epicenter, Madison, WI), and High Pure PCR Template Kit (Roche, Basel, 
Switzerland) among others. All the commercial extraction systems share the use of 
columns.

�Molecular Techniques

The development and application of molecular techniques have increased during the 
last decades with the purpose to improve the sensitivity and/or specificity of diagno-
sis, as well as to decrease the periods of time normally required for detection and 
identification of etiological agents.

In clinical samples from patients with onychomycosis, several strategies are used 
based on the DNA detection for dermatophytes and non-dermatophytes. The classic 
technique is the polymerase chain reaction (PCR).

�Polymerase Chain Reaction (PCR)

The polymerase chain reaction (PCR) is a molecular technique widely used to make 
multiple copies of a specific gene or gene fragments.

This molecular tool is very precise and can be used to amplify or copy a specific 
DNA target from a mixture of DNA molecules in vitro, where the DNA polymerase 
enzyme synthetizes a complementary sequence of DNA using two short DNA 
sequences called primers, free nucleotides, MgCl2, and nucleotides (A, T, C, G); the 
mixture is placed in a PCR machine, called thermocycler. The chain reaction 
involves a process of exponential amplification: one DNA molecule is used to pro-
duce two copies of specific fragment and then four, then eight, and then millions of 
copies [16]. Despite that one of the most important characteristics of PCR is its high 
sensitivity, it can produce false-positive results due to exogenous contamination. To 
avoid this, some strategies must prevail such as physical separation of work areas: 
DNA extraction area, PCR area, and electrophoresis area.

11  Molecular Techniques (PCR)
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A classic PCR is called end point PCR, which may be uniplex or simple, multi-
plex, and nested. Also, this can be combined with other techniques such as restric-
tion fragment length polymorphism analysis (PCR-RFLP), where restriction 
enzymes that recognize specific sites in the material obtained by PCR generate frag-
ments with different lengths which conform patterns unique to each species of der-
matophyte or non-dermatophyte involved. Direct sequencing to the product obtained 
by PCR has proven to be a great technique for species or subspecies identification. 
PCR may be used in a real-time protocol (PCR real time) with the intention to 
quantify the relative levels of the transcription of the genetic marker of choice and 
to estimate the viability of the sample. Although PCR has the advantage of consum-
ing much less time than fungal culture, it has the disadvantage of being a more 
expensive technique, particularly the PCR sequencing or PCR real time [17–28].

�Gene Target

For gene target options, the internal transcribed spacer regions ITS1 and ITS2 are 
the gene region most commonly used for sequencing and identifying a large number 
of fungi. They are variable regions located between the conserved genes that codify 
for the ribosomal subunits 18S, 5.8S, and 28S.

Ribosomal DNA (rDNA) is a tandem region of 50–100 copies in the fungal hap-
loid genome. It is composed of the gene of the small subunit (SSU) rDNA (18S), the 
gene from subunit 5.8S, and the gene from the large subunit (LSU) rDNA (28S). 
When separating the subunits 18S and 5.8S, and subunits 5.8S and 28S, we find the 
intergenic transcribed spacers (ITS), ITS1 and ITS2, respectively (Fig. 11.1). 
Besides this cluster, we find a second repeated unit of the gene of the subunit 5S 
rDNA flanked by a region of the non-transcribed spacer (NTS). Either cluster can 
be used as a marker for PCR. The genes in the subunits of rDNA are highly con-
served and the ITS regions are highly variable among fungi [29].

The region ITS1 can be amplified from a wide variety of fungus by  
using the primers ITS1 (5-TCCGTAGGTGAACCTTGCGG-3) and ITS2 
(5-GCTGCGTTCTTCATCGATGC-3). A second variable zoned among the cluster 

T. rubrum KU378222 

674bp 

18S rDNA 5.8 rDNA 28S rDNA 

ITS1 ITS2

pITS1 pITS2 pITS4

Fig. 11.1  Map of rDNA locus from Trichophyton rubrum
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of ribosomal DNA has an area named domain D1/D2, located in the rDNA 28S 
subunit. This region can be amplified with ITS1 primers (5-TCCGTAGGT 
GAACCTTGCGG-3) and ITS4 (5-TCCTCCGCTTATTGATATGC-3) (Fig. 11.2). 
They are highly conserved and informative and much less variable than the ITS. The 
conserved region of the domains D1/D2 is the anchorage point for the primers that, 
along with the variable nature of the ITS regions, provides a specific combination 
for each species. One of the main advantages of the ribosomal locus in fungi is the 
high number of copies from the target gene, 10–100 times, compared to genes with 
only one copy, what in the end translates in higher sensitivity [11, 19, 22, 30–33].

A gene frequently used is the chitin synthase 1 (CHS1), and in cases where the 
ribosomal target is not sensitive enough for discriminating between closely related 
species, additional loci may be sequenced, such as the β-tubulin [11, 19, 22, 30–33].

More recently, real-time PCR (quantitative PCR [qPCR]) has been used to iden-
tify onychomycosis, using molecular beacons which are small single-chain probes 
of hairpin type that fluoresce when linked to the target site. The same way as with 
conventional PCR (end point PCR), both variable and conserved regions (ITS1-2/
ITS1-4) can be used to design the probe. This will allow the universal identification 
of the fungal presence in the sample or the involved species [34].

On the other hand, in the same qPCR platform, TaqMan technology or hybrid 
probes can be used, such as the carboxyfluorescein (FAM)-labeled probe with a 
Black Hole Quencher (BHQ1) [35, 36]. This technique can detect and quantify 
quickly the nucleic acids directly from human and animal tissue samples. It has high 
sensitivity with a detection threshold of one single molecule and depends from one 
efficient DNA extraction and purification to avoid PCR inhibitors as well as an 
adequate fungal cell wall lysis [11, 12].

M 1 2 3 4 5 6 7 C

Fig. 11.2  The 18S-ITS1-5.8S-ITS2-28S rDNA amplification using the ITS1 and ITS4 primers of 
Trichophyton rubrum from nail samples. M, 100 bp DNA ladder; line 1, T. rubrum positive control; 
lines 2–7, DNA from nails with onychomycosis; C, negative control

11  Molecular Techniques (PCR)



118

�Panfungal Amplification Technique

The gene regions in the SSU and the LSU rDNA have highly conserved regions and 
variable regions [31, 37]. These permit the development of panfungal primers based 
on the conserved regions of the rRNA cluster which are capable of identifying a 
great number of fungal species and can even be species specific [27, 29, 31]. These 
characteristics have made this the preferred PCR mode. After the amplification of 
the mentioned region, different genders and species can be identified using the same 
amplification product by RFLP, hybridization with specific probes marked with 
radioactivity or digoxigenin, and, with highly specific tool, the direct sequencing of 
the amplification product [38–41].

A general problem with PCR as detection method for the causative agents of 
onychomycosis is the lack of worldwide standardization, as well as the deficit of 
availability of commercial systems in some countries. Several studies report excel-
lent results with “in-house PCR”; however, the majority of these don’t make ade-
quate comparisons mainly in clinical practice [22, 42]. The DNA extraction 
methods, genetic markers, as well as the different types of clinical samples (blood, 
DNA from fungal culture, nails, the hair, the skin, or fluids) are factors that influ-
ence the comparison between different PCR protocols.

�Outlook: Future Developments

Molecular biology is a tool under continuous development and improvement for 
onychomycosis diagnosis.

The challenges ahead are:

•	 Availability of molecular tests to reduce the time consumed in some techniques 
such as PCR sequencing, corroborate sensitivity, and specificity of the currently 
available tests and improve them if possible with the aim to reduce the clinical 
sample required that at present must be large

•	 Improvement of keratin extraction and fungal cell wall rupture techniques
•	 Reduction of costs
•	 Readily accessible kits for fast etiological identification in onychomycosis, par-

ticularly when caused by non-dermatophyte molds or yeasts, which enables the 
indication of adequate treatment options

•	 Improvement of subspecies identification
•	 More than one fungal determination in the same clinical sample
•	 Differentiation of saprophytes from etiological agents
•	 Performance of epidemiological studies to redefine onychomycosis frequency 

and its etiological agents
•	 Implementation of matrix-assisted laser desorption/ionization time-of-flight 

mass spectrometry (MALDI-TOFMS) in clinical samples
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•	 Identification of the species of causative agents with PCR-terminal restriction 
fragment length polymorphism (PCR-TRFLP)

•	 Implementation of the use of other operons as genes that codify for non-ribosomal 
proteins and determine if relapses are by the same causative agent
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Summary for the Clinician
Molecular techniques are particularly useful for fast identification of onycho-
mycosis in atypical or mycological negative cases, gender and species identi-
fication in 24–48  h allowing a prompt diagnosis, and thus optimal 
management.

Clinical Pearls
Consider molecular biology for diagnosis in difficult onychomycosis cases:
•	 Identify fungal genus and species in onychomycosis if traditional tech-

niques have failed to do so.
•	 Send enough of the clinical sample for adequate processing.
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Chapter 12
Onychomycosis: Role of Histopathology

Paola Flores-Gavilán, Sonia Toussaint-Caire, and Roberto Arenas

Onychomycosis is the term used to describe fungal infection of one or more nail 
units, caused primarily by dermatophytes, yeasts, or non-dermatophyte molds 
(NDM). It represents the most frequent onychopathy in adults, accounting for up to 
50 % of all nail disorders and affecting approximately 5–13 % of the general popu-
lation, proportionately increasing with age [1, 2]. Clinical presentation can be vari-
able and may mimic other nail diseases so diagnostic tests need to be conducted to 
confirm the presence of fungi [3].

Traditionally, onychomycosis is diagnosed by two standard methods, direct 
examination with KOH-Chlorazol black® (Delasco, Council Bluffs) and fungal 
culture; nevertheless, inconsistent low sensitivities of these techniques have been 
reported, resulting in potentially delayed diagnosis, which may lead to total nail 
dystrophy, with low rates of recovery despite treatment [2, 4]. Thus, histopathologi-
cal examination can be useful when the latter are negative and can be helpful in 

Key Features
•	 Histopathological examination of nail clippings is the most sensitive tech-

nique for onychomycosis diagnosis.
•	 Special stains like periodic acid-Schiff (PAS) and Grocott methenamine 

silver (GMS) are required to highlight the presence of fungal hyphae.
•	 The infecting agent can be suspected depending on its exposed architec-

ture; nevertheless, the precise identification is not possible.
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establishing the extent of the fungal invasion, suggesting an infective agent or ruling 
out the infection by proposing an alternative diagnosis [2, 5].

The infected nail is clinically and histopathologically different from the healthy 
nail. Electron microscopy has been useful in characterizing the microscopic nail 
plate architecture in normal and affected nails. Healthy nails have a smooth surface 
made of parallel layers of flat and keratinized cells called onychocytes, resulting in 
a compact barrier; they have an average reported thickness of 0.49 mm and a density 
of 1.34 g/cm3. On the other side, onychomycotic nails present a fragmented surface 
with cell separation and lifting, indicating its rigidity has changed; also, they tend to 
be thicker (1.29 mm) and have a lower density (1.29 g/cm3) than non-affected nails, 
traducing a more porous plate [5, 6].

Dermatophytes are known to have a variety of proteases and lipases that hydro-
lyze keratin, collagen, and elastin, which alter the nail matrix, disrupt cell interac-
tions, and help them invade the nail plate, so explaining the reported microscopic 
changes [7, 8].

The most frequent type of nail biopsy for diagnosing onychomycosis is the nail 
clipping dyed with special fungal stains, which is now considered the gold standard 
because of its high sensitivity. This is the preferred diagnostic method because it is 
a non-painful procedure for the patient and is fast and simple to perform at a low 
cost.

Clippings are fragments cut from the distal portion of the nail plate, which 
according to reports should be at least 4 mm in length to improve the diagnostic 
performance; these samples are then processed and stained for histopathological 
assessment [9, 10].

With hematoxylin and eosin (HE) stain, the study frequently reveals dystrophy 
of the nail plate with dissociated keratin layers (Fig. 12.1), as well as the presence 
of parakeratosis and plasma globules, which according to several studies are statisti-
cally and significantly more common in slides where fungi are found than in those 
where they are not present. Neutrophils and bacteria are variably described; never-
theless, their finding is not statistically different with the presence or absence of 
fungi. All these microscopic findings are more frequent and easily found on the 
ventral part of the nail plate, which is in close proximity to the nail bed. In a white 
superficial onychomycosis, fungal elements are commonly found in the dorsal sur-
face of the nail plate [10, 11].

The fungal hyphae on HE routinely stained sections are difficult to visualize; 
therefore, special fungi stains are needed to highlight its presence; these classically 
include periodic acid-Schiff (PAS) and Grocott methenamine silver (GMS). PAS 
technique works by exposing tissue to periodic acid, which oxidizes hydroxyl 
groups of cell wall polysaccharides into dialdehydes; the latter react with Schiff 
reagent, forming a magenta compound. The background is a faint pink, while fungi 
cell membranes stain a magenta-red color. In GMS stain, chromic acid is used to 
oxidize the hydroxyl groups forming aldehydes, which then react with the silver 
nitrate reducing it to metallic silver, making them visible. The slide has a light green 
background, while the hyphae are stained dark brown to black [1].
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For a while, GMS was thought to be superior to PAS staining for finding fungal 
structures in biopsies; however, after several conducted studies, they concluded the 
deeper levels were increasing the detection of the fungi, rather than the stain used. 
Although no significant differences were reported between these two, PAS was 
found to be a more cost-effective stain [1, 2, 12].

Although the fungi structures are well visualized with the special stains described, 
histological examination does not allow the precise identification of the infecting 
agent; however, it can suggest the implicated pathogen by analyzing their 
morphology.

Usually, a dermatophytic infection is suspected when regular, septate hyphae 
running parallel to the nail surface are observed (Fig. 12.2).

Yeasts are suspected when small round spores, some even budding, pseudohy-
phae, and short filaments are found. Spores without pseudohyphae can be contami-
nants (Fig. 12.3).

NDM can display truncated spores with vertically thin arising perforating 
hyphae.

Although the former are the main causative onychomycosis agents, other ND 
fungi have been reported to cause infection like Aspergillus spp., Alternaria spp., 
Scopulariopsis brevicaulis, Emericella quadrilineata, and other microorganisms 
like Prototheca spp., and also Medlar bodies have been found in a case of melano-
nychia [13–17].

An uncommon and unique clinical presentation of onychomycosis caused by 
dermatophytes, also known as dermatophytoma, typically presents as a yellow lon-
gitudinal band or yellow or white patch. Histologically a dense mass of hyphae is 
found [10].

Fig. 12.1  Longitudinal nail biopsy of an onychomycotic nail. The nail plate of the matrix and 
proximal nail bed is dystrophic showing an irregular, fragmented, and lifted surface with mounds 
of parakeratosis
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Punch samples of nail plate and nail bed or longitudinal nail biopsies are rarely 
performed, except when other inflammatory diseases are clinically suspected. When 
these are taken, the histological picture displays subungual hyperkeratosis with 
mounds of parakeratosis or foci of neutrophils, psoriasiform dermatitis with hyper-
plasia of the nail bed epithelium, and variable spongiosis with neutrophil exocyto-
sis. In the absence of onychomycosis, another nail disorder can be recalled like 
psoriasis, lichen planus, or even a hematoma. Psoriasis can be difficult to differenti-
ate from onychomycosis clinically and histopathologically [5].

KOH has a sensitivity between 53 and 76 % and mycological culture between 35 
and 53 %; both tend to be sample dependent; nevertheless, the latter can identify the 
fungal species and sensitivities to antifungals but requires long incubation periods 
to yield a diagnosis. PAS-stained sections of nail clippings have the highest reported 
sensitivity, varying between 75 and 92 % according to different studies, and there-
fore are considered the gold standard diagnostic technique. It is the least likely to be 
affected by sampling methods and is also considered the most sensitive to monitor 
residual infection after adequate antifungal treatment. Combining these techniques 
has established decreased chances of false negatives; PAS staining combined with 
KOH reported sensitivities between 89 and 99.4 %, while PAS with culture gave 

a b

c d

Fig. 12.2  Histological examination of dermatophytic onychomycosis. (a) H&E stain showing 
translucent hyphae spreading between corneocytes. (b) PAS stain highlighting hyphae in red-
magenta color. These are regular and parallel-oriented to the nail surface. (c) Hyphae dyed in black 
with Grocott methenamine silver stain. (d) PAS stain showing regular, branching, septate hyphae
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between 93 and 96 %; however, PAS alone was better than the combination of KOH 
direct microscopy and culture with a sensitivity of 88.8 %. Hence, combination of 
PAS-stained nail clippings with either KOH or culture can give higher values of 
sensitivity and negative predictive values [4, 11, 18].

Although histopathology is a relatively fast diagnostic test, the nail needs to be 
fixed, dehydrated, embedded in paraffin, and sectioned before being stained [3]. A 
nail biopsy can be technically harder to process than a routine cutaneous specimen 
because of the hard keratin in the nail plate, so pretreatment with softening agents is 
needed to obtain high-quality sections. Useful softener agents described include 
potassium hydroxide (KOH), 4 % phenol, 5 % trichloroacetic acid in 10 % formalin, 
cider oil, chitin softening agent with mercuric chloride containing solutions, and 
more recently sodium hydroxide (NaOH), which has reported an improved ease of 
sectioning and adherence to slides, although fainter PAS staining and damage to 
melanin and hemosiderin pigments have been reported [10, 19].

More novel techniques have been described for detecting dermatophytes, for 
example, fluorescence microscopy, from the basis that some pathogenic fungi 

a b

c d

Fig. 12.3  Candida onychomycosis on a histological section stained with H&E. (a) Dystrophic 
nail plate with parakeratosis, plasma, bacterial colonies, and red-magenta dyed spores. (b) Multiple 
small round spores admixed with keratin. (c, d) Short and thin filaments and pseudohyphae, verti-
cally oriented to the nail plate, are also found
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fluoresce under ultraviolet light, as in Wood’s lamp test. This method uses hema-
toxylin- and eosin-stained sections under fluorescence microscopy, where the 
fungus shows a clear bright fluorescent ring at the periphery, without investing 
time in special stains. Other available tests are flow cytometry, immunohisto-
chemistry, phase-contrast hard X-ray microscopy, optical coherence tomogra-
phy, and DNA-based rapid diagnostic techniques like PCR; nevertheless, these 
are limited and infeasible for daily use because of high costs, complexity, and 
poor availability [18, 20].

Summary for the Clinician
Histological examination of nail clippings is a simple and relatively fast tech-
nique for diagnosing onychomycosis. Sections typically need PAS or GMS 
stains to highlight the presence of hyphae. PAS nail clipping has the highest 
reported sensitivity and, therefore, is considered the gold standard; neverthe-
less, combination with KOH or mycological culture is recommended to 
enhance diagnostic yield.

Histological examination does not allow the precise identification of the 
fungal agent; however, it can suggest the implicated pathogen depending on 
its morphology. Dermatophytes display regular septate hyphae parallel to nail 
surface; yeasts show round spores, pseudohyphae, and short filaments; and 
non-dermatophyte molds present with truncated spores with thin and vertical 
perforating hyphae.

Clinical Pearls
•	 PAS staining of nail clippings is the gold standard for diagnosing onycho-

mycosis. This is usually performed when KOH or mycological culture 
yields negative results and clinical suspicion is high.

•	 Morphology of fungi can suggest the etiological pathogen.
•	 When a longitudinal nail biopsy is performed, it displays subungual hyper-

keratosis with mounds of parakeratosis or foci of neutrophils, psoriasiform 
hyperplasia of the nail bed epithelium, and variable spongiosis with neu-
trophil exocytosis.

•	 Nail biopsies allow other nail disorders to be excluded. Psoriasis is the 
principal differential diagnosis.

•	 Although it is relatively simple and fast technique, nail biopsy can be tech-
nically harder to process.

•	 Combination of diagnostic tests is recommended to improve diagnostic 
performance.
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Chapter 13
Dermoscopy

Miriam America Jesus-Silva, Rodrigo Roldan-Marin,  
Daniel Asz-Sigall, and Roberto Arenas

Key Features
•	 Dermoscopy is a noninvasive tool that has proven to be an important 

adjunctive in the evaluation of nail diseases.
•	 Distinctive dermoscopic features for onychomycosis have been reported 

and include jagged proximal edge with spikes of the onycholytic area, lon-
gitudinal striae, and longitudinal or homogenous melanonychia.

–– The “jagged proximal edge area” is never linear and has sharp struc-
tures (spikes) with matte pigmentation.

–– The “longitudinal striae pattern” is observed more frequently in patients 
with TDO or DLSO.

–– The presence of a “linear edge” excludes onychomycosis and suggests 
traumatic onycholysis.

–– In fungal longitudinal melanonychia, the band of pigmentation is wider 
distally and narrows proximally.
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�Introduction

Onychopathies are known to be among the most frequent complaints in dermato-
logical practice, either as manifestations of primary diseases or in association with 
other systemic pathologies. Among these, onychomycosis is one of the most com-
mon nail disorders accounting for nearly 50 % of them. Within skin diseases, it has 
a prevalence of 0.44 % with a worldwide prevalence ranging from 2 to 50 % [1]. It 
mainly affects adults between 30 and 60 years of age.

The differential diagnosis of onychomycosis includes inflammatory diseases 
such as psoriasis, lupus erythematosus, lichen planus, lichen striatum, alopecia 
areata, and pityriasis rubra pilaris and also systemic diseases (amyloidosis, diabetes 
mellitus, porphyria, dysthyroidism). Infectious diseases that may mimic onychomy-
cosis include viral warts and chronic paronychia. Other important differential diag-
noses are cosmetic trauma (manicure or pedicure), secondary trauma (tight shoes or 
friction), and nail apparatus tumors (squamous cell carcinoma, melanoma, or digital 
fibroma) [2].

Accurate diagnosis is important since the treatment of onychomycosis can be 
long-standing and expensive and may be accompanied by severe adverse effects [2]. 
Currently, the diagnosis is made by clinical suspicion along with potassium hydrox-
ide (KOH) examination followed by culture of the sample [3, 4].

KOH examination and fungal cultures have a sensitivity and specificity ranging 
between 72–80 % and 72–76 % for KOH and 20–53 % and 82–100 % for fungal 
cultures that may vary significantly when performed by an experienced mycologist 
with proper sampling technique [5, 6]. Nail scrapings obtained at the distal part of the 
nail are often positive for fungal and bacterial contaminants present in the “gateway” 
of the nail lesion left behind by the real pathogen. Therefore, it is known that sam-
pling for mycological examination should be performed at the most proximal portion 
of the nail lesion, where there is a higher probability to find the fungus responsible 
for the nail invasion. However, it may be uncomfortable and even painful for the 
patient because it requires progression of instruments under the nail plate [6].

Dermoscopy is a noninvasive tool that is widely used for the diagnosis of mela-
nocytic and nonmelanocytic lesions and inflammatory and infectious diseases. It 
has recently been used as a noninvasive diagnostic tool for the assessment of ony-
chomycosis [7–9].

�Epidemiology

Onychomycosis is a common problem in dermatology practice that can result in 
significant morbidity. Onychomycosis is a chronic fungal infection of the nail and 
may involve the nail bed, nail plate, and nail matrix. It is difficult to treat and 
relapses, and reinfections are common [10, 11]. This nail disease may be caused by 
dermatophytes, yeasts, and nondermatophyte molds [12–15]. Surveys suggest that 
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overall the incidence is much higher in adults than in children, afflicting 0.6 % of 
children under the age of 18 years, approximately 10–20 % of adults, and 15–40 % 
of elderly people. The incidence and prevalence of onychomycosis vary from 2 to 
4 % in the general population in the United States of America, reaching up to 13 % 
among Finnish men [16]. The incidence increases with age and nearly 30  % of 
patients are older than 60 years. Although infrequent, this infection can affect chil-
dren and is most likely due to the use of occlusive footwear [17]. Some of the con-
tributing risk factors causing this disease are humidity, occlusive footwear, repeated 
nail trauma, genetic predisposition, and concurrent disease, such as tinea pedis, dia-
betes mellitus, obesity, peripheral vascular disease (PVD), and HIV infection, as 
well as other forms of immune suppression [18]. Significant associations also exist 
for psoriasis [19, 20]. These conditions may contribute to onychomycosis suscepti-
bility via slower/poor nail growth (due to age or poor circulation), suboptimal 
immune function, and/or nail trauma (diabetic neuropathy, psoriatic nail changes). 
Vasoconstriction and/or hypoxemia due to nicotine exposure or PVD may further 
increase the risk of onychomycosis.

Most onychomycoses are caused by dermatophytes that belong to three genera: 
Trichophyton, Microsporum, and Epidermophyton. Several fungi can be causative 
agents, but three species predominate worldwide: T. rubrum, T. mentagrophytes, 
and E. floccosum. T. rubrum is found in 60–80 % of cases, T. mentagrophytes in 
20 %, and E. floccosum in 10 % [21–25]. The rest originate from nondermatophyte 
molds such as Scopulariopsis and Neoscytalidium hyalinum (formerly Scytalidium). 
T. rubrum and T. mentagrophytes are the first and second most frequent etiologic 
agents worldwide [26]. Candida spp. are the most frequent among the yeasts.

�Clinical Features

There are different clinical subtypes of onychomycosis depending on the degree of 
affliction.

Distal lateral subungual onychomycosis (DLSO)  It is the most frequent type; it 
affects mainly the hyponychium and side edges, extending proximally and causing 
subungual hyperkeratosis [27, 28]. The fungus invades proximally and migrates 
through the underlying nail matrix [27, 29]. There is mild inflammation resulting in 
parakeratosis and subungual hyperkeratosis, generating onycholysis and thickening 
of the subungual region with changes in the color of the nail plate secondary to 
superinfection of bacteria and molds [27].

Superficial white onychomycosis  It is much less common than the DLSO; it affects 
the surface of the nail, not the nail bed [28]. Total destruction of the nail is rarely 
seen, but the fungus may move through the nail plate and infect the cornified layer 
of the nail bed and hyponychium [27]. Clinically it is characterized by well-defined 
opaque “white islands” of the external plate; it is also important to notice that the 
nail becomes rough, soft, and crumbly [27, 28]. The most frequent site of invasion 
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is the toenail. This subtype can be seen in patients with immunosuppression (AIDS) 
or in young children with thin toeplates [29].

Subungual and proximal onychomycosis (SPO)  It affects the proximal matrix of 
the nail, and it can be accompanied by paronychia if the infective agent is Candida 
spp. [29]. In this type of onychomycosis, it is important to rule out any cause of 
immunosuppression since it is not a common subtype. This occurs when the fungus 
invades the nail unit via the proximal nail fold through the cuticle area, penetrating 
the new nail plate and migrating distally [27]. Subungual hyperkeratosis, proximal 
onycholysis, leukonychia, and destruction of the nail plate can be seen [28]. In the 
case of SPO with paronychia secondary to Candida infection, opaque strips of ony-
cholysis along the lateral edges of the nail plate can be seen [28, 29].

Total dystrophic onychomycosis  It is characterized by total destruction of the nail 
plate [27, 28]. There are two main forms: secondary total dystrophic onychomyco-
sis due to the complete progression of any of the different types of onychomycosis 
and primary total dystrophic onychomycosis due to chronic mucocutaneous candi-
diasis; in this case, all the tissues of the nail apparatus can be involved simultane-
ously [29].

Fungal melanonychia  It is characterized by brown to black pigmentation of the 
nail unit; it can be accompanied by a dystrophic and raised plate, secondary to 
subungual hyperkeratosis. It is common to observe periungual inflammation [30]. 
The fungal melanonychia can be longitudinal (T. rubrum var. nigricans) or diffuse 
brown pigmentation (Neoscytalidium dimidiatum, Aspergillus niger). In the case 
of longitudinal melanonychia, the band of pigmentation is wider distally and 
tapers proximally (distal to proximal extension of infection). There is also a vari-
ant of the superficial white onychomycosis that can be referred to as superficial 
black onychomycosis, commonly caused by Aspergillus niger and frequently 
accompanied by periungual inflammation and black pigmentation of the proximal 
nail fold [30].

�Diagnostic Clues

The use of dermoscopy for the study of nail disorders is recent. In the beginning 
it was mainly used for the study of nail pigmentations, but now several studies 
have demonstrated its utility in various nail disorders including onychomycosis 
[1, 31].

The study should include the proximal nail fold and the hyponychium, and to 
improve the adherence of the lens to the surface, ultrasound gel should be used, 
especially when studying melanonychia. To study the nail plate surface, the ultra-
sound gel should be removed as it can cover surface abnormalities [31].

The main utility of dermoscopy in onychomycosis is to differentiate it from trau-
matic onycholysis [1] or from true melanonychia [32].

M.A. Jesus-Silva et al.



135

There are three dermoscopic findings that are exclusive for onychomycosis: jag-
ged proximal edge with spikes of the onycholytic area [8], longitudinal striae, and 
distal irregular termination (ruin appearance) [9, 33]:

•	 Jagged proximal edge with spikes of the onycholytic area: in this pattern the 
proximal margin of the onycholytic area has a jagged edge, with sharp longitudi-
nal whitish indentations directed to the proximal nail fold (spikes). This pattern 
is best observed with magnification of 20x [8, 9] and is characteristic of total 
dystrophic onychomycosis and distal lateral subungual onychomycosis [8] 
(Fig. 13.1). The spikes correspond to the onset of fungal invasion starting from 
the low adherence region [8, 33].

•	 Longitudinal striae: also known as “aurora borealis pattern” [8]; in this pattern, 
different colors of striae can be observed in the onycholytic nail plate; the colors 
range from white to yellow, orange, and brown and are the reflection of the color 
of the colonies, scales, and subungual debris and their progression along the nail 
plate [8, 9] (Fig. 13.2). This pattern is best observed with magnification of 40x [8] 
and is characteristic of patients with distal lateral subungual onychomycosis.

•	 Distal irregular termination or ruin appearance: this pattern is characterized by 
indentate areas on the ventral portion of the nail, forming a keratosis aspect that 
corresponds to the accumulation of dermal debris and distal pulverization char-
acteristic of the thickening of the nail plate in total dystrophic onychomycosis 
(Fig. 13.3). The absence of clinical distal subungual longitudinal striae is 
explained by the advanced level of fungal invasion.

Dystrophic nail suggestive of
onychomycosis 

Linear edge at dermoscopy

Excludes onychomycosis (80%)

Jagged edge at dermoscopy

Spikes ± striae confirm onychomycosis 

 

In the case of fungal melanonychia, the most frequent dermoscopic finding can 
be homogeneous pigmentation (brown, gray, or black) which presents as pigmented 
lines or structureless discoloration (Fig. 13.4); black pigment aggregates can also 
be seen and can be coarse granules (matte black, roundish structures >0.1 mm) or 
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Fig. 13.1  Jagged proximal 
edge with spikes of the 
onycholytic area: spiked 
pattern, indentations at the 
proximal edge of the area 
with onycholysis

Fig. 13.2  Longitudinal 
striae. Longitudinal striae 
of different colors in the 
onycholytic nail plate
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Fig. 13.3  Distal irregular 
termination or ruin 
appearance: distal 
pulverization 
characteristic of the 
thickening of the nail 
plate

Fig. 13.4  Melanonychia. 
Homogeneous pigmentation 
(black) structures and 
pigmented clumps forming 
larger and irregular shaped 
structures with different 
colors
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pigmented clumps (aggregated multiple coarse granules forming larger and irregular-
shaped structures) [32].

Other dermoscopic features for differentiating fungal melanonychia from other 
conditions include [32]:

•	 Multicolored pigmentation (yellow, brown, gray, black or red)
•	 Matte black pigmentation (lines, disrupted black linear pigmentation or homoge-

neous areas)
•	 Black pigment aggregates (coarse granules or pigment clumps)
•	 Black reverse triangle (wider distally and narrows proximally)
•	 Superficial transverse striation
•	 Blurred appearance

It is important to notice that the coarse granules and pigment clumps correlate 
with the accumulation of fungal colonies and the pigment produced by the fungi, 
seen in histopathological samples [32].

Summary for the Clinician
Onychomycosis is one of the most common nail disorders (50 % cases). Accurate 
diagnosis is important since the treatment can be long-standing and expensive 
and may be accompanied by severe adverse effects. The diagnosis is made by 
clinical suspicion along with potassium hydroxide (KOH) examination followed 
by culture of the sample. This method may be uncomfortable and even painful 
for the patient and may vary significantly when performed by an experienced 
mycologist with proper sampling technique. Dermoscopy is a noninvasive tool 
recently used for the study of nail disorders and helpful to differentiate onycho-
mycosis from traumatic onycholysis or true melanonychia. There are three der-
moscopic findings exclusive for onychomycosis: jagged proximal edge with 
spikes of the onycholytic area, longitudinal striae, and distal irregular termination 
(ruin appearance). In fungal melanonychia the most frequent dermoscopic find-
ings are homogeneous pigmentation (brown, black, or gray) and black pigment 
aggregates (coarse granules or pigmented clumps). In fungal longitudinal mela-
nonychia, the band of pigmentation is wider distally and narrows proximally.

Clinical Pearls
Dermoscopy is a noninvasive method that helps to differentiate onychomyco-
sis from traumatic onycholysis or true melanonychia.

There are three dermoscopic findings exclusive for onychomycosis:

	(a)	 Jagged proximal edge with spikes of the onycholytic area (characteristic 
of TDO and DLSO)

	(b)	 Longitudinal striae (“aurora borealis pattern” and characteristic of DLSO)
	(c)	 Distal irregular termination (ruin appearance) seen in TDO

Fungal melanonychia shows homogeneous or longitudinal pigmentation 
with black pigment aggregates.
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Chapter 14
Mimickers

Emilie Fowler and Antonella Tosti

�Introduction

Onychomycosis is the diagnosis for onychodystrophic nails about 50 % of the time 
[1]. However, there are a variety of other etiologies that may be causing the onycho-
dystrophic nails. These other conditions may mimic onychomycosis in their presen-
tations and must be excluded before initiating antifungal treatment.

Mimickers for onychomycosis include inflammatory, infective, and neoplastic 
nail disorders, as well as nail manifestations of systemic diseases. This chapter will 
discuss differential diagnoses according to the clinical type of onychomycosis.

Key Features
•	 Various nail disorders causing subungual hyperkeratosis and/or onycholy-

sis can mimic onychomycosis.
•	 Diagnosis of onychomycosis requires laboratory studies.
•	 Differential diagnosis depends on the clinical type of onychomycosis
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�Distal Subungual Onychomycosis

Differential diagnosis includes nail diseases that cause subungual hyperkeratosis 
and/or onycholysis.

Subungual hyperkeratosis and 
onycholysis

Psoriasis
Contact dermatitis
Nail bed lichen planus

Onycholysis Traumas
Yellow nail syndrome
Nail bed tumors (warts, exostosis, squamous cell 
carcinoma, melanoma)

Subungual hyperkeratosis Pachyonychia congenita

�Nail Psoriasis

�Epidemiology

Psoriasis of the nails is the most common mimicker of onychomycosis [2]. Psoriasis 
involves the nails in 80–90 % of patients. Only 5 % of psoriasis cases will have 
isolated involvement of the nails [1].

�Clinical Features

Nail psoriasis presents clinically with pitting, onycholysis with erythematous bor-
der, salmon patches, subungual hyperkeratosis, and splinter hemorrhages, among 
other nail abnormalities [3].

The most common change seen in nail psoriasis is pitting, in which small depres-
sions of less than 1 millimeter diameter are seen on the surface of the nail plate, due 
to the presence of parakeratotic cells [3]. This is the result of psoriatic lesions, 
which consist of clusters of parakeratotic cells in the proximal nail matrix. These 
clusters disrupt normal keratinization and eventually are removed as the nail grows 
outward, leaving depressions on the nail surface (Fig. 14.1).

A salmon-colored patch may be seen beneath the nail plate, resembling an oil 
drop. The red-yellow discoloration is the result of parakeratotic lesions within the 
nail bed that are visible through the overlying nail plate. This “oil drop” sign is the 
most diagnostic finding of nail psoriasis. Onycholysis occurs when the parakera-
totic lesions involve the hyponychium. Air enters the space between the nail bed and 
overlying nail plate and may cause white discoloration [1]. Psoriatic onycholysis is 
typically surrounded by an erythematous border.

E. Fowler and A. Tosti
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Subungual hyperkeratosis results from deposition and accumulation of desqua-
mated cells underneath the nail plate. This leads to detachment of the nail plate from 
the nail bed. The degree of this detachment depends upon the level of psoriatic activ-
ity present. Subungual hyperkeratosis in nail psoriasis is typically characterized by 
a silvery-white discoloration as opposed to the typical yellow, greasy appearance 
seen in onychomycosis, but this is not always the case [1, 4] (Fig. 14.2).

Splinter hemorrhages are less commonly seen and appear as linear, thin, deep, red to 
black lines in the distal nail. These occur in the dermis of the nail bed, when small capil-
laries rupture into the linearly oriented epidermal-dermal ridges. Splinter hemorrhages 
are not only associated with psoriasis, as they can present in a number of other medical 
conditions, particularly trauma, as observed in 20 % of cases. They are also seen in ony-
chomycosis and even in healthy individuals with inherently delicate capillaries [4].

Leukonychia, which represents white areas of the nail due to parakeratotic foci 
within the nail plate, can also be a sign of psoriasis [5]. When psoriasis affects the 
whole matrix, the nail is distorted, rough, and friable [3, 4].

Fig. 14.1  Nail psoriasis. 
The presence of pitting 
suggests diagnosis

Fig. 14.2  Nail psoriasis 
presenting with subungual 
hyperkeratosis, 
onycholysis, and yellow 
discoloration
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�Lichen Planus

�Epidemiology

Lichen planus is a chronic inflammatory disease with unknown etiology that affects 
the skin, hair, nails, and mucous membranes [1, 6]. The prevalence of lichen planus 
is not known, but is estimated to be less than 1 %. It affects women and men equally. 
It can occur at any age, but the majority of cases are in patients between 30 and 60 
years old [7]. Lichen planus involves the nails in about 10 % of cases and can be 
limited to the nails only [8].

�Clinical Features

Lichen planus most commonly involves the nail matrix causing longitudinal grooves 
and fissures, as well as progressive thinning and distal splitting of the nail plate [8]. 
Nail matrix destruction causes dorsal pterygium, in which the proximal nail fold 
adheres to the nail bed [1, 6, 9].

However, lichen planus can also affect the nail bed causing subungual hyperkera-
tosis and onycholysis. In the toenails it often causes yellow discoloration and thick-
ening (yellow nail syndrome-like presentations) (Fig. 14.3). In general, patients also 
present signs of nail matrix involvement that suggest correct diagnosis.

�Subungual Tumors

�Warts

Epidemiology

Periungual warts are most commonly seen in children and teenagers, occurring 
most frequently in those ranging from 12 to 16 years old. There is increased inci-
dence in those who bite their nails, who suck their fingers, and who work in a wet 
environment. Often, warts disappear spontaneously [10].

Fig. 14.3  Nail bed lichen 
planus. Nails are thickened 
and yellow in color; note 
onychorrhexis that 
suggests correct diagnosis
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Clinical Features

Periungual warts are usually caused by HPV genotypes 1, 2, and 4. They affect 
fingernails more often than toenails and appear as hyperkeratotic papules with a 
rough surface (Fig. 14.4). Pathologically, they are characterized as having sharply 
demarcated hyperplasia with acanthosis, papillomatosis, and hyperkeratosis with 
areas of parakeratosis [10].

Initially, the warts are small in size, shiny, smooth, and translucent. Weeks to months 
later, they grow in size and appear rough, dirty, brownish black in color, and horny [11].

When located in the proximal nail fold, warts produce periungual hyperkeratosis 
forming a hyperkeratotic cuticle. Subungual warts raise the nail plate causing ony-
cholysis and appear as a subungual nodular lesions. They may also produce a longi-
tudinal band of onycholysis with splinter hemorrhages due to linear growth underneath 
the nail plate. Warts in the hyponychium of the toenails may cause distal thickening.

Warts do not affect the nail matrix, but can cause damage to it due to compres-
sion, which can cause nail plate ridging and grooving [10]. They may become fis-
sured, inflamed, and tender and often recur after treatment [11].

�Exostosis

Epidemiology

Subungual exostosis is a rare, benign osteocartilaginous tumor affecting the distal 
phalanx of the digits, usually the toes [12]. It presents more frequently in females 
and most often in the second decade of life. About one-third of patients report a his-
tory of trauma or infection at the site [13].

Clinical Features

Patients commonly present with months of pain, erythema, and onycholysis [1, 12]. It most 
often affects the toenails, with about 70–80 % of cases overall affecting the hallux [14].

Fig. 14.4  Periungual wart

14  Mimickers



146

Examination shows a firm nodule with a hyperkeratotic and smooth surface 
(Fig. 14.5). The lesion is located at the distal end of the nail plate, away from the 
epiphyseal line. It is made of trabecular bone and is capped with fibrocartilage [12].

�Squamous Cell Carcinoma

Epidemiology

Squamous cell carcinoma of the nail is rare [15]. It is most common in the fifth and 
sixth decades of life and tends to have a male predominance [16].

The etiology of subungual squamous cell carcinoma is unclear, although repeated 
trauma, chronic infection, radiation, tar, arsenic exposure, UV radiation, immuno-
suppression, and HPV infection may each play a role. HPV infection is particularly 
relevant as it is present in 60–90 % of cases [15].

Clinical Features

Subungual squamous cell carcinoma most frequently presents on the hands rather 
than the feet [17]. It most often involves only one digit, with the thumb and hallux 
being the most common [15]. The right index and middle fingers are also commonly 
affected [18].

Patients most commonly present with a wartlike appearance of the nail bed with 
nail dystrophy [15]. Nail pigmentation with longitudinal melanonychia is common 
(Fig. 14.6) [18].

Other clinical features include subungual hyperkeratosis, onycholysis, oozing, 
nail plate destruction, paronychia, leukonychia, and longitudinal erythronychia 
[18]. Bleeding along with nodules and ulcers may also be present [15].

Fig. 14.5  Subungual 
exostosis
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�Subungual Melanoma

Epidemiology

Nail melanoma is not common, as it accounts for only about 1–3 % of cutaneous 
melanomas diagnosed in the general population [19, 20]. Nail melanomas are seen 
more often in patients 50–70 years old and more often in men than women [19, 20]. 
Darker-skinned individuals are more commonly affected with this subtype of mela-
noma. Up to 75 % of cutaneous melanomas are localized in the nail in Africans, 
10 % in Japanese, and 25 % in Chinese populations [20].

Clinical Features

Nail melanomas originate either from the nail matrix, or the nail bed (subungual 
melanomas), and may involve other parts of the nail unit such as the proximal nail 
fold and hyponychium. Nail matrix melanoma presents as bands of longitudinal 
brown-black discolorations of the nail plate (longitudinal melanonychia) [20]. The 
pigmented band is usually wider than 3 mm and has dishomogeneous color and 
blurred lateral margins (Fig. 14.7) [19, 20]. Nail bed melanoma appears as a pig-
mented or nonpigmented subungual nodule that initially causes nail plate detach-
ment. It gradually enlarges, eventually leading to nail plate destruction [19]. 
Ulceration, pain, inflammation, discharge, and surrounding discoloration are com-
mon [20].

Hutchinson sign is a characteristic feature of invasive subungual melanoma. It is 
defined as extension of the dark pigment into the lateral or proximal periungual 
folds [1].

Nail melanomas are more often found in the hands than in the feet and most com-
monly in the thumb and hallux [19]. Although UV radiation is a well-known risk 

Fig. 14.6  Squamous cell 
carcinoma presenting 
with longitudinal 
melanonychia
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factor for cutaneous melanoma, it is unable to penetrate the nail plate and therefore is 
not a risk factor for subungual melanoma [19]. Instead, direct trauma to the nail is 
frequently reported although there is lack of evidence to form a direct correlation [20].

�Contact Dermatitis

�Epidemiology

Contact dermatitis can be allergic or irritant and causes inflammation of the skin due to 
chemical damage. It can occur at any age and is more prevalent in women and manual 
laborers [1].

�Clinical Features

Contact dermatitis frequently affects the nail bed as chemicals penetrate through the 
thin onychodermal band causing subungual inflammation with onycholysis and 
subungual hyperkeratosis. This can be very severe in patients with contact allergy to 
acrylic nails (Fig. 14.8). Splinter hemorrhages are also common.

Diagnosis is suggested by the presence of periungual erythema and scaling as well 
as Beau’s lines.

�Traumatic Onycholysis

�Epidemiology

Trauma of the nail unit is a common injury that can mimic onychomycosis. Trauma 
can be due to footwear, mechanical injury, or athletics. Traumatic nail lesions can 
be observed in patients of any race, sex, or age and is very commonly misdiagnosed 
and treated as onychomycosis.

Fig. 14.7  Nail matrix 
melanoma presenting 
with longitudinal 
melanonychia
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�Clinical Features

Signs of trauma include onycholysis, subungual hyperkeratosis, abnormalities of the 
nail plate, changes in the hyponychium, ingrown nails, paronychia, and onychoma-
desis [1]. Traumatic onycholysis usually affects the big toes and is common in ath-
letes and in women wearing high-heel shoes. It affects the lateral aspect of the toenail 
when caused by overlapping of the second toe or the distal nail [21] (Fig. 14.9).

It may frequently be colonized by microorganisms that produce pigments mim-
icking onychomycosis [2]. At dermoscopy, the proximal border of the onycholytic 
area is sharp.

Subungual hematoma may also occur secondary to trauma. This would produce a 
dark reddish-black subungual discoloration (Fig. 14.10). This discoloration would 
move forward and become more blue in color as the nail grows outward. Distal ony-
cholysis and spontaneous avulsion may also occur with subungual hematoma [22]

�Pachyonychia Congenita

�Epidemiology

Pachyonychia congenita is a rare genetic skin disease, due to a defect in one of four 
keratin genes [23]. There are only an estimated 5000–10,000 cases of pachyonychia 
congenita reported worldwide. It affects males and females equally and has a large 
geographic distribution [23].

�Clinical Features

Most patients with pachyonychia congenita will present with symptoms at birth or 
within 1 year. Three clinical features that are present in most patients regardless of 
mutation subtype are thickened toenails, plantar keratoderma, and plantar pain [23].

Fig. 14.8  Contact 
dermatitis due to acrylic 
nails
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The nails show subungual hyperkeratosis in about 90–98  % of cases [1, 24]. 
They are very thick and develop large horns that require matrix removal in order to 
halt their growth [1]. Thickened toenails are the most frequently reported symptom, 
with the majority of the toenails being affected and in most cases all ten. Patients 
often file the nails to reduce the thickening (Fig. 14.11). Fingernails are less com-
monly affected than toenails, but may present with the same clinical features [23].

a b

Fig. 14.10  (a) Traumatic onycholysis and subungual hematoma. (b) Dermoscopic examination 
showing typical red round spots due to blood extravasation

Fig. 14.9  Traumatic 
onycholysis due to 
overlapping of the second 
toe over the first toenail
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Nails may also show yellowish-brown discoloration and upward angulation of the 
free edge of the nail plate secondary to the progressive thickening [25]. Nails may also 
show premature termination of the nail plate with an exposed distal fingertip [26].

�Onycholysis Due to Thyroid Disease

�Epidemiology

Thyroid disease is a common disorder and can be divided into two groups: hyperthy-
roidism and hypothyroidism. Both types can be caused by autoimmunity or iodine 
deficiency.

�Clinical Features

Both hyperthyroidism and hypothyroidism can cause onycholysis.
Onycholysis due to hyperthyroidism is also known as Plummer’s nails [27]. The 

hyponychium appears dirty, and brown discoloration of the nails may be seen. All 
of the nails of the fingers and toes are usually affected, but the fourth finger is usu-
ally the first one to show symptoms, particularly onycholysis [1].

�Yellow Nail Syndrome

�Epidemiology

Yellow nail syndrome is a rare disorder that presents nail abnormalities in association 
with lymphedema or chronic respiratory disease. Onset of yellow nail syndrome is 
typically seen in adulthood, most often during the fourth and sixth decade of life 
[28]. . Men and women are equally affected [29, 30].

Fig. 14.11  Pachyonychia 
congenita affecting the 
toenails
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�Clinical Features

Yellow nail syndrome is characterized by a triad of clinical features: yellow nails, 
lymphedema, and chronic respiratory involvement (pleural effusion, bronchiectasis, 
sinus infection, chronic cough, and chronic lung infections). Two of these features 
must be present in order to make a diagnosis of yellow nail syndrome [1, 28].

Nails are primarily affected with yellow discoloration and arrested or abnormally 
slow growth. The cuticle is absent and the nails are overcurved, and onycholysis is 
common (Fig. 14.12) [31]. The nail changes are reversible and might resolve spon-
taneously, with control of the respiratory symptoms or of the lymphedema [29, 30].

�Drug-Induced Onycholysis

�Epidemiology

Cutaneous drug reactions account for 10–30 % of all adverse drug reactions. Women 
and men are affected equally, and the possibility of cutaneous adverse drug reac-
tions tends to increase with age [32].

The most popular drugs causing nail abnormalities include tetracyclines, pso-
ralens, quinolones, and taxanes [33].

�Clinical Features

Drug-induced nail changes usually affect most or all of the nails, on both the hands 
and feet. Nail changes are frequently reversible upon drug withdrawal, except dis-
coloration which can remain for years.

Tetracyclines rarely cause photo-onycholysis, which occurs after drug ingestion 
and exposure to UV light. Photo-onycholysis causes nail plate detachment with 

Fig. 14.12  Yellow nail 
syndrome
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subungual hemorrhages. It most often affects the fingernails meanwhile sparing the 
thumb and will involve the toenails if they are exposed to the sun. Pain may be pres-
ent in some patients, as well as a convex-shaped nail. It usually appears after 2 or 3 
weeks of taking the drug, and symptoms may occur even after discontinuation of the 
drug. Other drugs that are known to cause photo-onycholysis are psoralens, quino-
lones, chloramphenicol, and NSAIDs [1, 34].

Onycholysis can result from damage to the nail bed or formation of hemorrhagic 
bulla due to drug reactions. The hemorrhagic bulla can be painful, but fortunately 
the nail resolves upon drug withdrawal. Drugs that can cause this condition include 
psoralens, retinoids, and chemotherapeutic drugs [33].

Taxanes commonly cause painful hemorrhagic onycholysis with subungual exu-
dation (Fig. 14.13).

�Proximal Subungual Onychomycosis

The differential diagnosis includes diseases that cause true leukonychia and proxi-
mal onycholysis.

Fig. 14.13  Hemorrhagic onycholysis due to taxanes
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�True Leukonychia

True leukonychia is caused by abnormal nail plate maturation with the presence of 
parakeratotic cells within the nail plate. Traumas and hereditary conditions can be 
responsible. Overzealous manicures cause transverse leukonychia that might resem-
ble recurrent bands of proximal subungual onychomycosis (Fig. 14.14).

�Proximal Onycholysis

This can be a consequence of trauma. The proximal nail is white because of the 
presence of air, but the color is not opaque white as it is in leukonychia from proxi-
mal subungual onychomycosis.

�White Subungual Onychomycosis

�Pseudo-leukonychia

Brittle nails due to continuous wearing of nail polish may present with white patches 
of pseudo-leukonychia due to superficial keratin degranulation that looks similar to 
white superficial onychomycosis (Fig. 14.15). However, keratin degranulation is 
usually seen in fingernails, and it is important to keep in mind that this type of ony-
chomycosis is exclusively seen in toenails.

Fig. 14.14  Transverse 
leukonychia due to 
manicure
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�Diagnostic Clues

In general, onychomycosis is unlikely when all toenails are affected, fingernails of 
both hands are affected, and subungual nodules are present.

Psoriasis: look for pitting/salmon patches, skin/scalp involvement, and joint 
enlargement/pain.

Nail bed lichen planus: look for signs of nail matrix involvement.
Nail melanoma: utilize ABCDEF guidelines and brown/black color with irregu-

lar lines at dermoscopy (Table 14.1).
Contact dermatitis: usually fingernails, periungual skin frequently affected.

Fig. 14.15  Pseudo-
leukonychia due to 
repeated use of nail polish

Table 14.1  ABCDEF guidelines for diagnosis of subungual melanoma

A Age: peaks at 50–70 years old
Race: African-American, Native American, Asian

B Band
Brown-black pigment
Breadth of band > 3 mm
Border is irregular/blurred

C Change: in size and growth rate
Lack of change: failure of nail dystrophy to improve with treatment

D Dominant hand
Digit involved: thumb > hallux > index finger
Single digit > multiple digits affected

E Extension of pigment discoloration (Hutchinson sign)
F Family (or personal) history of melanoma
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Traumatic onycholysis: look for podiatric abnormalities including hallux valgus/
overlapping of second toe on first toe (Greek foot)/round dark spots corresponding 
to hematoma at dermoscopy.

Pachyonychia congenita: onset during early infancy, nail thickening without 
onycholysis, and severe pain.

Onycholysis in thyroid disease: several fingernails commonly affected.
Yellow nail syndrome: arrested nail growth, most fingernails usually affected.
Drug-induced onycholysis: all nails usually involved, often hemorrhagic.
True leukonychia: many nails involved, cuticle damaged when caused by traumas.
Pseudo-leukonychia: usually fingernails (not affected by WSO), staining from 

nail polish commonly associated.
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Chapter 15
Prognostic Factors

Chris G. Adigun and Tracey C. Vlahovic

Onychomycosis treatment is challenging, as many patients do not respond to thera-
peutic intervention, and of those that do respond, recurrence of disease occurs fre-
quently. There are a number of factors that contribute to these therapeutic failures. 
Understanding these factors is key for effective patient education on their treatment 
options, setting their expectations for likelihood of response, and for developing 
strategies to prevent recurrence at the conclusion of therapy.

There are multiple prognostic factors that play a central role in determining how 
effectively a patient will respond to the treatment. A key factor is the severity of the 
nail disease. Determining the severity of onychomycosis disease is a critical part of 
the evaluation and ability to predict response to treatment. A patient with only mild 
disease is more likely to respond to treatment than a patient with moderate disease; 
and similarly, a patient with moderate disease has a better chance of responding to 
treatment than does a patient with severe disease [1]. Major features that contribute 
to onychomycosis disease severity include percentage of nail involvement, matrix 
involvement, existence of a dermatophytoma, and degree of subungual hyperkerato-
sis. These are the parameters that contribute to the onychomycosis severity index 
(OSI) [1]. An additional factor of the nail disease that contributes to prognosis is the 
number of nails involved. The more nails involved, the more extensive is the disease 
and the poorer is the prognosis. Long-standing infections tend to be more severe, as 
spontaneous resolution of onychomycosis is rare and disease duration is often 
>5 years [2].

However, there are a number of factors that contribute to a patient’s onychomyco-
sis prognosis that are independent of the severity of their nail disease. These include 
patient behaviors such as risk for nail trauma from shoe selection, participation in 
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sports, and hygiene behaviors [2, 3]. Nail trauma facilitates invasion of the dermato-
phyte by providing an uninhibited pathway of infection. Chronic nail trauma, or a 
chronically malformed nail, potentially is forever vulnerable to infection, making 
sustained clearance incredibly difficult [4].

In addition, factors related to the patient’s health status are critical to the prog-
nostic evaluation. Comorbid conditions such as old age [5], diabetes mellitus [6, 7], 
peripheral vascular disease [8, 9], and/or psoriasis [2] all portend a poor response to 
treatment. These conditions often lead to slow or poor nail growth, due to poor cir-
culation, and/or chronic nail trauma, due to diabetic neuropathy or arthritic gate 
abnormalities.

Immunosuppression, whether due to a complication from diabetes mellitus, 
autoimmune disease, HIV, or iatrogenic, contributes to poor response to treatment 
for onychomycosis [10, 11]. Patients that are immunosuppressed due to one or more 
of these factors need to be prepared for the possibility of treatment failure.

A genetic predisposition to superficial fungal infections has been established [12, 
13]. The evidence that onychomycosis has a genetic component originates from the 
observation that among individuals exposed to identical environmental conditions 
and fungal pathogens, some do not develop onychomycosis, whereas others go on 
to develop chronic infections [12, 14]. The genetic component that contributes to 
this susceptibility to chronic disease is thought to be located in the innate or adap-
tive immune system. Defects in the innate or adaptive immune response to derma-
tophytes prevent the subsequent development of the full immune response, thereby 
rendering the individual vulnerable to this infection [13].

There are a number of genetic mutations that have been identified that increase 
an individual’s susceptibility to superficial dermatophyte infection, including ony-
chomycosis. These include mutations in the innate immune receptors dectin-1 and 
its adaptor protein CARD9 [13]. There are specific human leukocyte antigen (HLA) 
genotypes that have been identified as more common in families with higher preva-
lence of onychomycosis. In addition, patients with insufficient levels of CD4+CD25+ 
regulatory T cells have an impaired immune response to superficial dermatophyte 
infection [13].

Our understanding of the factors that contribute to more persistent cases onycho-
mycosis continues to evolve. At the same time, the landscape of therapeutic options 
for this multifactorial disease is in congruent evolution as we learn optimal ways of 
treating and managing this disease. There are a number of factors that portend a 
poor prognosis for those afflicted with onychomycosis. In addition to the severity of 
the infection, the largest players include old age, diabetes mellitus, peripheral vas-
cular disease, immunosuppression, nail trauma, and genetic predisposition. Patient 
education is paramount in managing expectations to treatment response. It is impor-
tant for both providers and patients to recognize that treatment failure is more likely 
to be due to one or more of these varieties of host factors rather than the susceptibil-
ity of their infective organism to the antifungal treatment.
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Chapter 16
Why Onychomycosis Can Be  
a Life-Threatening Condition

Tracey C. Vlahovic, Christina Bui, and Kyle Shaw

Onychomycosis is often mistaken by both physicians and patients as being not only a 
cosmetic entity but also of secondary or tertiary importance in the patient’s list of 
concerns. This book has strived to show that it is an infection which affects a wide 
range of patients. It may not present itself as a carbuncle or a circumscribed area of 
cellulitis, but its simple presence can indicate something more sinister such as the link 
to carotid atherosclerosis in diabetics or create an environment where a dermatophyte 
can infect the interdigital space leading to a possible bacterial superinfection [1, 2].

Cellulitis, commonly seen on the lower extremity in older adults with diabetes, 
is a diagnosis that requires a hospital admission in cases that are potentially limb 
and life threatening [3]. The link to lower extremity cellulitis from a mycotic toenail 
may not seem logical at first, but in some cases, that fungal foot infection provided 
the initial spark for a problematic chain reaction.

The presence of onychomycosis generally co-presents with tinea pedis, specifically 
interdigital tinea pedis. It can be difficult to know which caused the other, but a general 
statement can be made that the same dermatophyte, whether starting from the nail or 
the interdigital space, is creating both the infection in the nail bed and the plantar/toe-
web skin. When examining a patient with onychomycosis, it is worthwhile for the 
practitioner to examine the skin around the nail, interdigital space, and plantar foot for 
the serpiginous scale characteristic of tinea pedis. The patient may not have symptoms 
of pruritus, but in some cases, the skin will not only present with the characteristic scale 
but may also present with mild inflammation and fissuring [3]. The fissures can act as 
a portal for bacteria to invade and create an infectious and inflammatory cascade.
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Bristow and Spruce reviewed the literature to determine the potentiality of a 
fungal foot infection causing cellulitis, especially in the diabetic population [3]. 
One of the articles they reviewed was Roujeau et al.’s case-controlled study of 243 
patients with acute bacterial cellulitis of the leg that aimed to find any association 
with mycology-proven foot dermatomycosis (i.e., both tinea pedis and onychomy-
cosis) [4]. The presence of a fungal foot infection was a significant risk factor in 
developing cellulitis with an odds ratio of 2.4, p < 0.001, confidence interval 95 % 
[4]. Another prospective case-controlled study of 100 subjects concluded that risk 
factors for acute bacterial cellulitis in hospitalized patients were sites of pathogen 
entry on legs and toe webs. Therefore, management and treatment of toe-web inter-
trigo may reduce cellulitis incidence [5]. Likewise, Dupuy et al. assessed risk fac-
tors for erysipelas of the leg, cellulitis, through seven hospital centers in France [6]. 
One hundred and sixty seven patients were admitted for erysipelas of the leg, and 
through multivariate analysis, they showed that disruption of the cutaneous barrier 
secondary to a macerated interdigital space was a risk factor in developing cellulitis 
(odds ratio 6.6, 95 % confidence interval). A site of entry through the skin was found 
in almost all cases. In the same study, the risk of developing leg cellulitis increased 
when more than one interdigital space was affected (odds ratio 19.5, 95 % confi-
dence interval).

Ultimately, Bristow and Spruce found 16 studies that supported the presence of 
a fungal foot infection as a risk factor for cellulitis. This included examining patients 
with toe-web tinea pedis, onychomycosis, and plantar tinea pedis (moccasin type). 
More specifically, the association of interdigital tinea pedis was consistently a pre-
dictive factor in developing cellulitis; however, the more sites fungally infected 
increased the risk even more as in Dupuy et al.’s article. Some of the studies, most 
of them involving hospital patients, grouped nail disease with the general term “fun-
gal foot infection.” Population-attributable risk (PAR) of bacterial cellulitis was 
highest for toe-web intertrigo at 60 %. The PAR is the percentage of cases of bacte-
rial cellulitis that could possibly be avoided if the risk factor was removed. Tinea 
pedis and concomitant mycological infection of the nail, onychomycosis, are the 
components of the highly prevalent condition of toe-web intertrigo.

Therefore, even though interdigital tinea pedis is associated with a slightly higher 
risk to develop cellulitis than plantar tinea pedis or onychomycosis alone, the pres-
ence of onychomycosis whether currently or in that patient’s future can’t be ruled 
out. These are skin manifestations that present together and must be joined in the 
practitioner’s mind.

In addition to the toe-web spaces acting as a portal of entry for bacteria, an 
ulceration from the pressure of the thickened, mycotic nail in shoe gear must also 
be considered. Sharp edges of onychauxic toenails that are often unnoticed in a 
neuropathic diabetic patient can create ulcerations and abrasions that may become 
superinfected with bacteria, a perfect storm created by lack of sensation and the 
humid nature of wearing shoes colonized with various flora for most of the day. 
The jagged or sharp edges of the nail plate that are abutting onto the surrounding 
digits could lead to an ulceration [7]. Depending on the vascular status of the 
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patient, this ulceration may become gangrenous and may develop osteomyelitis or 
cellulitis which in theory could lead to a possible amputation of not just the digit 
but also the limb. In addition to the surrounding digits being affected, the nail bed 
of the mycotic toenail may break down with repeated trauma and pressure. Again, 
this ulceration may prove to be a limb-threatening situation if it becomes infected 
or if the patient’s health and vascular status do not support a healthy healing envi-
ronment. A potential patient population to illustrate this scenario is the diabetic. 
Chadwick et  al. made a link between diabetes and the development of a fungal 
infection contributing to the pathogenesis of ulceration and cellulitis in a diabetic 
foot [8]. He encourages that fungal foot infections in a diabetic should not be 
ignored or considered cosmetic, and as consistent in the literature, they have a high 
risk of secondary bacterial infection. Also, the consequences of fungal foot infec-
tions for those with peripheral neurological and/or vascular status are exacerbated 
in addition to their diabetic condition and sequela. Therefore, treatment for the 
fungal infection should be initiated immediately, and preventative measures (such 
as managing environment, socks, and shoes) should be discussed.

Lastly, Doyle et al. state that there is a higher incidence of foot ulceration and 
gangrene in diabetic patients with onychomycosis versus those who do not [9]. 
These scenarios support the periodic physician-based examination of the lower 
extremity as well as the diabetic patient’s daily inspection of their feet (and socks) 
for any drainage, cuts, tears, or redness.

Overall, the presence of onychomycosis, which can lead to interdigital tinea 
pedis that morphs into a bacterially superinfected toe web, may create a potentially 
limb and life-threatening situation, especially in the diabetic population. 
Onychomycosis itself is a visually displeasing entity but, for a certain subset of 
patients, may prove to be something much more problematic. It is an infection and 
should be treated with the same care and respect that similar maladies are 
managed.
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Chapter 17
Onychomycosis in Diabetics

Tracey C. Vlahovic and Joshua A. Sebag

�Epidemiology and Risk Factors

According to the American Diabetes Association, there are approximately 29.1 mil-
lion Americans or 9.3 % of the population that suffer from diabetes [1]. Twenty-one 
million have already been diagnosed with the disease, and 8.1 million remain undiag-
nosed [1]. This number pales in comparison to the 86 million Americans who have 
been classified as “prediabetic,” i.e., those who are on the borderline of becoming 
diabetic in the future. Within this subset of patients, pedal complaints, such as painful, 
thickened toenails are of chief concern as onychomycosis is much more than a cos-
metic issue. In the diabetic population, the diagnosis and management of the fungal 
toenail may be overlooked as more medically pertinent findings like concomitant 
renal disease, cardiovascular risk factors, retinopathy, and diabetic foot wounds usurp 
the practitioner’s time. However, if onychomycosis is overlooked and not properly 
managed in these patients, it can become a limb-threatening condition [2].

In the general population, estimations of mycotic toenail infections vary, but one 
epidemiologic survey reported an overall disease prevalence of 2–13 % with evi-
dence of a steadily rising incidence worldwide [3]. The prevalence of diabetic vs 
nondiabetic patients with onychomycosis was shown to be statistically significant at 
17 and 6.8 %, respectively. Almost a threefold increase was appreciated in those 
patients that had diabetes mellitus when it came to having clinically evident toenail 
fungus [4]. Looking at prevalence and risk factors, onychomycosis was present in 
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26 % of diabetics of the time [5]. Further projections were made, and approximately 
one-third of the overall subjects with a diagnosis of diabetes were affected [5].

General predisposing factors in developing onychomycosis include increasing 
age, male gender, family history of onychomycosis, concurrent intake of immuno-
suppressive agents, and peripheral vascular disease [6]. Onychomycosis is the most 
common skin issue in a diabetic patient [6]. Also, in this population, mycotic nails 
are often associated with hyperlipidemia, peripheral artery disease, diabetes dura-
tion, metabolic syndrome, obesity, smoking, and atherosclerosis [7]. Onalan et al. 
examined 127 patients with diabetes type 2 [7]. Of those patients, 48 had onycho-
mycosis (37.8 %), and 60 had subclinical atherosclerosis of the carotid (47.2 %). 
After further investigation, they concluded that “the presence of toenail onychomy-
cosis is independently associated with the presence of subclinical atherosclerosis” 
as seen in the carotid intima-media thickness in patients with diabetes [7]. Therefore, 
toenail disease in diabetics can be a marker of something much more sinister but 
ultimately screenable and, in theory, treatable if caught early.

In addition to it being a marker for atherosclerosis, mycotic toenails may also 
pose a problem when the patient is neuropathic. Long-standing hyperglycemia 
affects cellular immunity, which may predispose a diabetic to fungal invasion [8]. 
Increasing nail thickness is associated with a higher hemoglobin A1C (HgA1C) 
value [9]. One of the most frequent diabetic complications is a diabetic foot ulcer, 
especially in a neurovascular compromised patient. A sharp-edged, thickened toe-
nail that would be perceived as such in a sensate patient could go unnoticed in a 
neuropathic diabetic patient. This could lead to an ulceration of the nail bed or ero-
sions of the surrounding tissue or digits that are exposed to the jagged or sharp edges 
of the nail plate [8]. Depending on the vascular status of the patient, this ulceration 
may become gangrenous and may develop osteomyelitis or cellulitis which in the-
ory could lead to a possible amputation of not just the digit but also the limb. Doyle 
et al. state that there is a higher incidence of foot ulceration and gangrene in diabetic 
patients with onychomycosis versus those who do not [10]. This justifies the need 
for proper and routine foot screenings and care, as simply debriding the nails and 
inspecting the pedal skin on a regular basis could be limb saving in certain cases.

Unique to the lower extremity, studies have suggested that confining shoe gear 
and systemic immunosuppression increase the susceptibility of onychomycosis with 
varying levels of morbidity in the diabetic foot [11–13]. In the confines of the shoe, 
faulty foot and ankle biomechanics add another risk to developing nail disease. 
Onychomycosis is most commonly found in the hallux toenail in comparison to the 
lesser toenails [14]. Normal pedal ambulation and biomechanics rely on the hallux 
acting in the propulsive cycle as a rigid lever arm [13]. If the first metatarsophalan-
geal joint is limited in either a dorsiflexory or plantarflexory direction, the hallux nail 
can become compromised due to chronic repetitive trauma which may lead to fungal 
invasion [15]. In the case of a diabetic with neuropathy, the pain that this joint limita-
tion would typically cause in a shoe may go unrecognized. Hallux nails in this situ-
ation may develop subungual hematomas creating a negative space for microbial 
invasion as well as an eventual hypertrophic toenail when subject to that force chron-
ically. Patients will often not recall the source of this nail trauma. For these patients, 
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it is not only important to have their feet checked on a regular basis but also wear 
appropriate footwear that has a deep toebox and diabetic-appropriate insoles.

�Nail Presentation

In a study by Al-Mutairi et al., 460 patients with diabetes and 460 patients without 
diabetes were evaluated. Toenails were affected in 62 % of the cases, fingernails in 
23 %, and both fingernails and toenails in 14 % of the cases in the diabetic group. 
Distal subungual onychomycosis was found to be the most common clinical presen-
tation seen to reflect 65 % of the patients, followed by total dystrophic onychomyco-
sis [6]. The dominating theme was the initial presentation occurred on the feet, thus 
supporting the need to remove socks and shoes of those at risk for developing diabe-
tes or are already diagnosed with in the primary physician’s or specialist’s office.

In most practice settings, taking a sample of the nail for fungal culture remains 
the gold standard when assessing pathogens of question in diabetics and nondiabet-
ics alike. A review by Mayser et al. showed that dermatophytes are the most com-
monly implicated etiologic agents in diabetic and nondiabetics alike [16]. The most 
common agents affecting the nails are (in order) Trichophyton rubrum and 
Trichophyton mentagrophytes var. interdigitale, followed by Candida species and 
non-dermatophytic molds [16].

In addition to examining the diabetic patient for nail disease, it is important to 
examine the feet for the presence of tinea pedis. Not only can a thickened, sharp nail 
create a potentially serious situation but also the presence of tinea pedis that is ulcer-
ated, fissured, or bacterially superinfected interdigitally create an equally problematic 
situation [15, 17]. Regarding tinea pedis, the interdigital variants, moccasin type, and 
vesiculobullous infection are all possible in the diabetic patient. If there is mycotic 
nail involvement, the practitioner should assume tinea pedis is present or will be.

�Treatment

As discussed earlier, diabetic patients are particularly susceptible to fungal infections 
due to the modifications that occur in their immunological system; therefore, there is a 
need for a variety of therapies to accommodate the range of nail presentation and 
patient disease state [16]. Traditional treatment options for this condition include toe-
nail debridement and drug therapies ranging from oral (terbinafine, itraconazole, fluco-
nazole, griseofulvin) to topical (ciclopirox, efinaconazole, tavaborole) antifungal 
medications. However, prior to initiating antifungal therapy, it is imperative to establish 
a diagnosis, as other skin diseases may look similar to a fungal infection [15]. If nail 
mycosis is present and established, concomitant tinea pedis should be treated as well.

Nail debridement, or the process of reducing the length and thickness of a toenail, 
is generally a podiatric procedure. Nail debridement does make the nail cosmetically 
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more appealing and reduces fungal load, but does not treat the fungal infection itself. 
It can be used as an adjunct procedure with both the oral and topical antifungals. 
This process not only has the potential to assist with topical therapies being more 
efficacious but also reduces subungual pressure and pain [15]. Regular podiatric 
appointments where the feet are examined and the nails are debrided can assist in 
preventing nail bed ulceration, especially in diabetic neuropathic patients. Certainly, 
in cases where the diabetic patient has neuropathy and/or retinopathy, proper foot 
care appointments with a specialist are key to preventing pedal complications, as 
nail care and inspection should be done by a medical professional. Patients abso-
lutely should not go to a nail salon for fungal nail therapy as the instruments are not 
generally autoclaved which could lead to infection, and some of the toenail onych-
auxis is beyond what a technician can handle. With some of these problematic 
onychauxic nails, there are situations where a total nail avulsion may be warranted 
with or without nail matrix destruction to assist a patient who can’t or won’t use an 
antifungal. Prior to this procedure, vascular status should be assessed.

Matricciani et al. performed a systematic review to determine the best treatment 
options for diabetics who have tinea pedis or onychomycosis [17]. She and her col-
leagues identified six studies that evaluated the safety and efficacy of various ony-
chomycosis treatments, but none for tinea pedis. She concluded that oral terbinafine 
is “as safe and effective as oral itraconazole therapy for the treatment of onychomy-
cosis in people with diabetes” [17]. In addition to encouraging future research in 
tinea pedis therapies in diabetics, the systematic review found that onychomycosis 
cure rates in diabetics were comparable to those in nondiabetics.

One of the articles Matricciani et al. discussed determined the use of oral terbin-
afine in both insulin-dependent (IDDM) and non-insulin-dependent (NIDDM) dia-
betics [18]. Patients were administered terbinafine for 12 weeks and then followed 
for the duration of the study. Blood glucose levels were monitored throughout the 
48-week trial. For the 89 patients who completed the trial, mycological cure was 
73  %, and there was no significant difference between the IDDM and NIDDM 
groups. More importantly, no patients developed hypoglycemia while being treated 
with oral terbinafine. This is opposite of the findings of the other FDA-approved 
oral antifungal, itraconazole, which has been reported to increase the risk of hypo-
glycemia when concomitantly taking a medication from the drug classes of sulfo-
nylurea, thiazolidinediones, or meglitinides during toenail therapy [19]. Metformin, 
however, does not seem to interact with the azoles, terbinafine, or griseofulvin [19]. 
Farkas et  al. concluded that terbinafine is efficacious, tolerated, and safe when 
administered continuously for 12 weeks in a diabetic population [18].

Topical ciclopirox nail lacquer 8 % was the first topical antifungal approved in 
the USA for mild to moderate onychomycosis. In a postmarketing open-label study 
in Germany, ciclopirox was used in 215 diabetic patients for 6 months and was 
found to be safe and effective [20]. No exacerbation of diabetes or other concomi-
tant diseases were reported during the trial. A similar trial with ciclopirox lacquer 
was completed in the USA with 49 patients that showed similar results in type 2 
diabetic patients [21]. Armstrong et al. examined the use of topical ciclopirox and 
its relation to mandating daily self-inspection of the foot which could, in theory, 
reduce risk for a foot ulceration [22]. Seventy patients at high risk for developing a 
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foot ulcer were followed for 12 months or until an ulcer formed. Ultimately, they 
didn’t find an immediate prophylactic benefit to using topical ciclopirox to prevent 
wounds through daily foot inspection.

One of the newer topical antifungal medications, efinaconazole topical 10  % 
solution, showed similar complete cure (13 % diabetics vs 18.8 % nondiabetics) and 
mycological cure (56.5 % diabetics vs 56.3 % nondiabetics) rates in a post hoc anal-
ysis of phase 3 randomized, controlled study when comparing diabetics to nondia-
betics [23]. One hundred and twelve diabetic subjects (out of 1655 total subjects) 
were part of this analysis, making it the largest amount of diabetics reported in a 
topical antifungal controlled study. Another new topical antifungal, tavaborole 5 % 
solution, has not reported a similar post hoc analysis, but the randomized phase 3 
studies show it has a favorable benefit-risk profile in treatment of toenail onychomy-
cosis [24]. The existence of other comorbidities, polypharmacy, and the potential 
for drug-drug interactions complicates the selection of an appropriate oral treatment 
regimen making the use of topical antifungal medications and adjunctive nail 
debridement a favorable choice for some of the diabetic population.

Lastly, one of the newer modalities approved to manage onychomycosis, laser 
therapy, has been proposed to be studied in a randomized, double-blind, controlled 
trial in diabetics [25]. As of this writing, the data has not been published yet; how-
ever, when completed, this would be the first double-blind laser study enrolling 
diabetics who are at risk for foot complications. As laser therapy is appealing to the 
public in its tone and connotation, an appropriate study that enrolls those with neu-
ropathy and vascular issues could be useful when considering this modality in the 
future.

In conclusion, in a diabetic, the presence of mycotic nails may be a marker of 
atherosclerosis and lack of hyperglycemic control. Since practitioners from all spe-
cialties should be aware of the various risk factors in this patient population, the 
physician should have the diabetic patient remove shoes and socks during any phys-
ical examination. Treatment, not just of the nails but of any concomitant tinea pedis, 
should be initiated vigilantly to lessen potential lower extremity complications such 
as nail bed ulceration or bacterial superinfection of the interspaces, especially in the 
neuropathic and vascularly compromised population. Numerous treatments exist 
ranging from topical to oral to devices like the laser. A handful have been specifi-
cally studied in the diabetic population, but as always, it is up to the practitioner to 
choose the best therapy suited to their diabetic patient.
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Chapter 18
Pediatric Onychomycosis

Tracey C. Vlahovic

�Prevalence

Nail conditions in children are either congenital or acquired, with the acquired con-
ditions, like onychomycosis, appear similar, but occur with less frequency than in 
adults [1]. Even though nails grow at a continuous rate throughout life, the speed of 
growth of a pediatric nail is increased until age 10–14, where it becomes similar to 
that of an adult [1]. Besides the greater speed of growth in children, other thoughts 
as to why their nails aren’t frequently as affected as adults are less exposure to higher 
humidity environments, less trauma due to a smaller nail surface area, and lower 
incidence of the often concomitant tinea pedis [2]. Even with these facts, onychomy-
cosis is one of the most common nail diseases in the pediatric population, with ado-
lescents being affected more than younger children.

The literature concurs that pediatric onychomycosis is less common than in 
adults (0.3 % vs 2–13 %), but its existence is starting to rise [3]. Plausible causes for 
pediatric onychomycosis to be increasing include the presence of genetic predispo-
sition to developing the dermatophyte infection in the presence of an affected family 
member, juvenile diabetes, Down’s syndrome, immunocompromised disorders such 
as a transplant recipient and HIV, and lifestyle issues as increased wearing of occlu-
sive shoe gear [4]. In addition to these, other risk factors to developing onychomy-
cosis in a child are living in a rural area, hypoxemia, metabolic alterations, repetitive 
trauma, and malignant neoplasms [2]. A study of 72 children, ages 2–18 years old, 
at an oncology clinic in Mexico, showed the frequency of onychomycosis in this 
immunosuppressed population as one child or 1.3 % [2]. The authors theorized that 
the frequency of nail mycosis in this immunosuppressed population wasn’t greater 
than average due to the almost protective benefits of pediatric nail growth (not allow-
ing dermatophytes to colonize due to the rapid growth) and possibly the cytotoxic 
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effect of the chemotherapeutic agents the children were exposed to [2]. In this par-
ticular population, the lack of increased nail mycosis does not mean they won’t have 
a susceptibility to disseminated fungal infections and certainly should be examined 
for such.

As in adults, the most common type of onychomycosis seen in children is the 
distal lateral subungual type, but proximal subungual and superficial white types can 
occur with less frequency [4]. Both the deep and classic types of superficial white 
occur more in younger children [1]. Candida onychomycosis is rare but, if present, 
coexists with a paronychia [4]. The total dystrophic type is the rarest in children. In 
a review of 59 cases of pediatric onychomycosis in children 0–18, 66.1 % had toe-
nail versus fingernail onychomycosis with distal lateral subungual being the most 
common type [5]. The older children were the highest cohort to see mycotic nails, 
with a male predilection [5]. In agreement with the literature, the most common 
dermatophyte, Trichophyton rubrum, affects the nail the most; followed by C. albi-
cans, C. parapsilosis, and C. tropicalis [5–7]. Interestingly, 14 of the 59 children 
had concomitant tinea pedis, and eight of the parents of these children had either 
tinea pedis or onychomycosis [5]. In another review of 16 cases of nail mycosis in 
children under the age of 2, Bonifaz et al. found the majority with distal subungual 
onychomycosis had Down’s syndrome, with one having concomitant tinea capitis 
and two being preterm [8]. Although not a common risk factor, preterm children 
have shorter nail plates which may account for this increased prevalence [8].

As in adults, dermatophytes can produce pigmentation that may appear as a 
melanocytic lesion. Besides completing a thorough history and physical, it is impor-
tant to get mycological confirmation as onychomycosis in a child may mimic vari-
ous nail issues. Differential diagnoses of onychomycosis in a child would include 
the following: trauma, psoriasis, lichen planus, alopecia areata, atopic dermatitis, 
various congenital nail disorders, and nevi [4]. As described in previous chapters, a 
specimen for fungal culture should be submitted prior to starting any antifungal 
therapy. Wiping the nail with alcohol prior to trimming the nail back to the mycelial 
front (the area of subungual activity), and then obtaining the hyperkeratotic subun-
gual material, is what is best for specimen collection [4].

�Choosing the Best Treatment

As with an adult, consideration of the patient age, nail involvement, pathogen, drug-
drug interactions, and medical history are factors when choosing a treatment plan. 
As of this writing, there are no FDA-approved treatments for pediatric onychomy-
cosis. In time, this might change as there is a phase IV efinaconazole 10 % solution 
trial involving children underway and a new oral antifungal, VT-1161, which is 
being investigated for a range of fungal diseases, including onychomycosis. That 
said, most practitioners will prescribe oral or topical antifungal therapy for children, 
while some might choose avulsion, laser, or other medical devices even though 
there is no evidence to support their pediatric use [9].
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�Systemic Antifungals

In their meta-analysis of systemic antifungal use in children under the age of 18, 
Gupta and Paquet showed a complete cure rate of 70.8 % when systemic antifungals 
were solely used [3]. This complete cure rate was increased to 80.0 % with the addi-
tion of a topical antifungal in several cases [3]. Ultimately, terbinafine, itraconazole, 
fluconazole, and griseofulvin had safety and efficacy profiles similar to those 
reported for adults [3].

As with adults, systemic antifungals are generally chosen where 50 % of the 
distal nail plate is affected, multiple nails are involved, and topical therapy may not 
be useful. With a mycological cure of 70 % in toenails, terbinafine is FDA approved 
for tinea capitis in children but is off-label for pediatric onychomycosis. That said, 
the adult dose of 250 mg daily in an adult is not recommended in children weighing 
less than 40 kg. The pediatric dosage regimen is as follows: 62.5 mg for children 
weighing less than 20 kg, 125 mg in those weighing between 20 and 40 kg, and 
250 mg in those who weigh greater than 40 kg. Besides being available as a tablet, 
it is also available as an oral granule, which is helpful in children who are unable to 
swallow pills. In adults, the complete cure rate for terbinafine is 38 % in toenails, 
but in a systematic review in its use in children, a pooled complete cure rate of 
78.8 % has been reported [3]. Adverse events seen in the pediatric population when 
taking terbinafine have included acute urticaria, anorexia, tiredness, vesiculopustu-
lar eruption, and agranulocytosis [3]. As in adults, the measurement of AST and 
ALT is recommended before starting this therapy in a child, and of course, dispens-
ing of this medication in those with pre-existing liver disease should be avoided.

A broad spectrum antifungal, itraconazole is available as a suspension and as an 
oral capsule which is useful in children who can’t tolerate swallowing pills. Like 
terbinafine, the dosing for a child is weight based: 5 mg/kg/day in those weighing 
less than 50 kg and those who weigh more than 50 kg may receive the adult dose of 
200 mg/day [9]. If administering the capsule to a child, it should be ingested after a 
full meal [6]. In contrast, the itraconazole oral solution which may be given as a 
dose of 3 mg/kg/day should be given under fasting conditions [6, 10]. Adult studies 
have shown better efficacy in pulse dosing than continuous dosing of itraconazole. 
In children, the opposite has been observed with a systematic review reporting a 
complete cure rate of 68.4 % for the pulse dosing versus 87.7 % for the continuous 
dosing regimen [3]. Due to the drug-drug interactions and adverse events, itracon-
azole is not often the best choice for adults. In children, due to their lack of systemic 
conditions and medication use that can potentially interact with itraconazole, the 
adverse events are mild and include fatigue, gastrointestinal symptoms, and 
headache [3]. Liver function studies should also be performed prior to initiating 
itraconazole therapy in a child.

Approved in Europe for onychomycosis, but off-label in the USA, fluconazole 
with its once weekly dosing until the nail grows out requires longer therapy than 
either itraconazole or terbinafine. This could range between 9 and 18 months for 
toenail onychomycosis [9]. Available as a tablet or an oral suspension, fluconazole is 
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not often used as first-line therapy; however, in a meta-analysis of its use in children, 
the complete cure was reported as 66.7 % [9]. The dosage for children ranges from 
3 to 6 mg/kg/day in either a continuous or pulse dose regimen [10]. In children, the 
adverse advents possible when taking fluconazole are abdominal pain, rash, renal 
dysfunction, nausea, vomiting, and diarrhea. Another systemic antifungal, griseoful-
vin, has also been reported as a therapy for onychomycosis and like fluconazole is 
administered until the nail grows out fully, but reported cure rates are low [10].

�Topical Antifungals

In the USA, ciclopirox 8 % lacquer, efinaconazole 10 % topical solution, and tava-
borole 5 % topical solution have been approved for topical onychomycosis therapy. 
In Europe, there is also the addition of topical amorolfine 5  % nail lacquer [9]. 
These medications can be used as stand-alone therapies or in conjunction with oral 
therapy and/or nail debridement. Most parents prefer the use of a topical therapy for 
their child as they feel it is safer and are worried about their child ingesting a tablet. 
Certainly, an aversion to taking an oral medication would be a reason to use a topi-
cal over an oral in this population, but other factors such as nail involvement, num-
ber of nails involved, and predisposing medical history should also be considered.

Since children have thin, fast-growing nails, topical therapy is well suited for this 
population. Topical therapy still requires once-daily application but is possible to 
have a decreased treatment period due to the nature of their nail growth [9].

Currently, ciclopirox is the only topical antifungal that has been evaluated for the 
safety and efficacy of onychomycosis in a clinical trial involving children [11]. In 
this randomized, double-blind, vehicle-controlled trial involving 40 children from 2 
to 16 years old, 92 % of those who had a clinical cure remained clear after 1 year. 
At 32 weeks, 77 % of those who received ciclopirox had a mycological cure [11]. 
Numerous case reports in the literature have described the use of ciclopirox for 
congenital candidiasis of the fingernail, white superficial onychomycosis, and  
T. rubrum that caused distal subungual onychomycosis [9].

The other topical antifungals have not been formally approved for use in chil-
dren, but studies and case reports have shown their usefulness. Regarding the use of 
amorolfine in children, there have been two case studies that involved a child with 
white superficial onychomycosis and another child with distal subungual onycho-
mycosis of the fingernail. Both achieved some level of improvement in a faster 
treatment time than an adult [9]. As of this writing, there is a phase IV study exam-
ining efinaconazole 10 % solution in children ages 6–16 years [12]. No pediatric 
studies have been initiated with tavaborole 5 % solution at this time.

�Other Therapies

Surgical avulsion has been reported as a therapy for onychomycosis in adults, but 
no formal studies have been performed on children involving this modality. 
Chemical avulsion, utilizing a urea compound, to soften and initiate nontraumatic 
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removal of the nail has been reported in children. In a study involving 25 children 
under 16 years old, a urea ointment was applied to chemically avulse the nail fol-
lowed by a topical antifungal applied to the nail bed. After 4 weeks of topical anti-
fungal therapy to the nail unit area, 17 children achieved “cure,” six improved, and 
two failed therapy [9, 13]. Other device-based modalities such as laser and photody-
namic therapy have been used in adults but not yet studied in children.

�Conclusion

Even though this nail disease occurs less in children than in adults, it is important to 
understand the pathogenesis, treatment, and risks/benefits of various therapeutic 
modalities when treating pediatric onychomycosis. Recurrence of nail disease may 
occur as the child grows older, has a genetic predisposition, develops tinea pedis, has 
a comorbid state-like diabetes, is immunocompromised, and wears occlusive foot-
wear. Screening of other family members for both onychomycosis and tinea pedis 
may lessen recurrence, but ultimately the diligent use of antifungal therapy plays a 
large role in obtaining treatment success. Noncompliance in a pediatric population 
can be frustrating when the child refuses treatment by the parent and is expected and 
fails to apply treatment him/herself or the parents themselves do not comply with the 
treatment regimen for the child. Education of the parent and child on onychomyco-
sis regarding what to expect, how to take/apply prescribed therapy, and the length of 
therapy is key. Besides pharmacological agents, appropriate foot hygiene, shoe and 
sock changes, and observation of signs and symptoms of skin dermatophytosis 
should be reviewed and implemented into the patient’s environment.

Many of the available oral and topical therapies that have been studied in adults 
have shown to be safe and efficacious in children in a limited amount of published 
studies. Oral therapies have proven to be beneficial in the pediatric population, but 
future studies with the newer topical agents may prove the same advantage. 
Ultimately, careful monitoring for nail growth with the selected antifungal agent 
and education of the family on the chosen therapy along with environmental changes 
in the pediatric population is paramount to achieve the mycological and visually 
clear nail that is desired by the practitioner and the patient.
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Chapter 19
The Podiatric Approach

Tracey C. Vlahovic

Podiatric physicians have a unique practice situation, as they generally manage ony-
chomycosis cases on a daily basis and in a specialized population (diabetes, Chap. 
17). However, toenail disease may be caused by a variety of issues that are specifi-
cally foot related and not fungal related: trauma from shoes, biomechanical issues 
and forces, and infection compounded by shoe gear and adjacent skin conditions to 
the nails (i.e., interdigital tinea pedis). It is important when discussing the manage-
ment and treatment of toenail onychomycosis that the visually similar biomechani-
cal causes of nail dystrophy are also mentioned.

Patients commonly present to a podiatric physician’s office for the care of 
toenail pain (both infectious and noninfectious causes), discoloration that is cos-
metically displeasing, and/or thickness that creates pressure in shoes. Patients are 
often under the belief that their nail presentation may be the result of a fungal 
infection; however, it is imperative that other factors on and around the nail unit 
are considered: biomechanics and shoe gear. These are unique to the toenail when 
compared to the fingernail. Biomechanics describes both the non-pathological 
and pathological forces involved in the gait cycle. The pathologic forces may 
result in digital deformities, soft tissue lesions (i.e., corns and calluses), bunions, 
arch and heel pain, and even skin breakdown (especially in a neuropathic patient). 
Both in the diabetic neuropathic population and those with painful or biome-
chanical issues, the podiatric practitioner will likely perform a biomechanical 
evaluation which includes gait analysis and function of the major joints of the 
foot and ankle.
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�Evaluating the Podiatric Patient

To evaluate a patient presenting with toenail onychomycosis, the practitioner should 
begin with completing a thorough history and physical evaluation. With treatment 
options ranging from systemic to surgical, knowledge of medical history, current 
medications, and family history will aid differential diagnosis and treatment plan. 
Key questions include how long have you had the nail changes, is it painful, and has 
it affected your quality of life? Is the patient able to bend and visualize the nails in 
order to trim them? Daily shoe gear choices, work and athletic activities, and home 
and work environment will all assist treatment plan selection. Level of immunosup-
pression, pedal vascular status, and ability to take oral or apply topical medication 
should be taken into account. Discussion and examination of any other skin rashes 
or conditions should be completed, as psoriasis and eczema can mimic mycotic 
toenails.

Visual assessment is imperative. Since the Zaias classification was proposed in 
1972, modifications have been proposed and published to reflect the wide array of 
dermatophytes, non-dermatophyte molds, and yeasts as well as the complications of 
various patterns occurring in the same nail or other inflammatory diseases co-
presenting with mycosis [1]. Nail plate changes include:

•	 DLSO where the invasion begins at the hyponychium and disturbs the distal nail 
bed

•	 Proximal subungual onychomycosis (PSO) where invasion begins proximally
•	 Superficial white onychomycosis (SWO) where the upper surface of the nail 

plate is first attacked [1]
•	 Total dystrophic which describes total nail plate involvement and surrounding 

periungual tissue
•	 Endonyx onychomycosis (EO) which describes distal nail plate attack resulting 

in a deeper penetration of hyphae

In addition, the physician should determine how many toenails are involved on 
one or both feet, percent involvement of the nail, any biomechanically aggravating 
factors that could contribute to nail dystrophy (adductovarus fifth digit, hammertoe, 
or hallux valgus), and the presence of tinea pedis interdigitally or plantarly.

Approximately 50 % of nail disease is caused by onychomycosis [2]; the remain-
der conditions mimic onychomycosis, having similar signs and symptoms including 
psoriasis, lichen planus, reactive arthritis, allergic/irritant contact dermatitis, and 
eczema. Other differential diagnoses include alopecia, nail changes secondary to 
biomechanical issues, melanoma (and other skin cancers), traumatic onycholysis, 
20-nail dystrophy, and pachyonychia [3–5].

Since not all presenting nail disease is mycotic, it is important to confirm with labo-
ratory diagnosis if the treatment plan includes oral antifungal therapy, if there is con-
comitant skin disease difficult to distinguish in the nails, and if the patient has been on 
antifungal therapy previously and disease has recurred. Laboratory diagnostic meth-
ods include direct microscopy (KOH test), nail plate biopsy for periodic acid-Schiff 
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(PAS) stain, and fungal culture. Generally, KOH and fungal culture are done together; 
KOH shows the presence of hyphae and cultures the species present. Unfortunately, 
fungal cultivation is a slow process (up to 4 weeks) and may generate false-negative 
results in 40 % of the cases that are microscopically positive [6]. An alternative PAS 
involves sending nail plate (commonly referred to as, but not a true biopsy) for stain-
ing to determine presence of dermatophytes. PAS provides quicker results and is more 
sensitive, while culture is the more specific (regarding species) [7–9].

Standard mycological tests, KOH and fungal culture, may yield false-negative or 
false-positive results, and require time to verify the pathogens [10]. Accurate diag-
noses are often delayed due to lack of both specific and rapid methods of pathogen 
identification. When the mycological analyses are negative and clinical picture 
highly suggestive of onychomycosis, polymerase chain reaction (PCR) testing may 
be an option [11]. Antifungal drug efficacy and dosages may differ for different 
causative pathogens, and it has been hypothesized that mixed and non-dermatophyte 
onychomycosis may be cause for high rate of treatment failures [12]. A rapidly 
sensitive method for detection and identification will better guide an appropriate 
treatment strategy. PCR detects a specific DNA sequence; moreover, fungi species-
specific PCR diagnostic methods are available deepening our understanding and 
treatment of onychomycosis [13–15]. Since DNA is extremely resistant and can 
persist even in the absence of viable hyphae, DNA amplification techniques such as 
PCR may represent a useful addition to standard procedure [16]. Time will tell how 
truly beneficial PCR will be both in the physician office and in clinical trials.

�Podiatric Nail Issues

�Toenail Onychomycosis

Onychomycosis or tinea unguium is caused by invasion of the nail unit by dermato-
phytes, non-dermatophyte molds, and/or Candida albicans. Toenails subject to 
trauma from either a biomechanical reason or otherwise may be the first to present. 
For example, a limitation in plantarflexory motion of the first metatarsophalangeal 
joint may predispose the hallux nail to trauma against the toe box of the shoe, thus 
allowing dermatophyte invasion to take place. In addition to nail trauma as a harbin-
ger of mycosis, tinea pedis or tinea cruris on the patient may be concomitantly 
found and be a source of infection. When a patient presents with mycotic toenails, 
it is useful not only to inspect interdigitally and plantarly for signs of tinea pedis but 
also to ask if they have any scaly rashes elsewhere on the body or past use of a topi-
cal antifungal anywhere else on the body.

Podiatric practitioners recommend the oral and topical medications and laser pro-
cedures that have been covered in this book (Chaps 19, 20, and 21). Some podiatric 
physicians recommend in-office-dispensed, over-the-counter, and compounded topi-
cal remedies as a convenience and cost-saving entity to the patients; however, these 
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are not specifically FDA approved for mycotic toenails. Also, topical urea prepara-
tions have classically been used to soften, thin, and smooth the nail plate both before 
and during topical antifungal therapy but have not been specifically studied in a 
clinical trial.

One of the most common podiatric in-office procedures, nail debridement, is 
defined as the mechanical reduction of toenail length and thickness using nail nip-
per or rotating burr (such as a Dremel device). Nail debridement may provide a 
valuable adjunct for patients experiencing pain upon ambulation and in shoe gear 
[17]. While debridement alone improves quality of life and nail thickness, it does 
not result in mycological cure [18]. In one study, the concomitant use of topical 
ciclopirox and debridement improved a patient’s quality of life and resulted in 
mycologic cure [18]. However, debridement added to oral antifungal therapy may 
offer a only a small benefit [19, 20]. Debridement can provide pain relief and 
improved patient satisfaction, affording an opportunity to encourage adherence. It 
may offer benefits through reduced fungal load and enhanced penetration of topical 
drugs into the nail unit. For patients who opt against pharmacological treatment, 
debridement will allow more comfort in shoe gear and reduce potential pressure on 
the nail bed, especially if diabetic neuropathy is present. In the diabetic patient who 
is compromised both vascularly and neurologically, mycotic nail debridement is 
routinely performed by a podiatric practitioner every 9–12  weeks in order to 
decrease pressure and complications that may arise from the thickness of nails and 
prevent the patient from creating a problematic situation by performing self-care of 
the nails.

Nail avulsion, a procedure that creates separation of the nail plate from the nail 
bed, can be achieved nonsurgically with daily application of topical 40 % urea for 
1–2 weeks [21]. Generally, this is followed by application of a topical antifungal 
once the toenail has been removed, repeating as necessary. It is more common in 
Europe [21]. Chemical nail avulsion can be useful in patients who have a needle/
procedure phobia, who have peripheral vascular disease or another comorbidity pre-
cluding pharmacological intervention, or have a single nail infected. However, 
removal of the nail itself will not result in clearance of the infection, even followed 
by topical antifungal therapy.

For a singularly painful or thickened nail, some patients may opt for a surgical 
total nail removal. Surgery involves application of local anesthesia to the digit fol-
lowed by removal of the nail plate in toto. Simple total avulsion of the nail itself is 
not curative for a mycotic nail; as the procedure has not addressed the basis of infec-
tion. Combining nail avulsion and topical antifungals has been described as the 
preferred treatment plan. Total nail avulsion with the use of a topical azole cream 
applied twice daily to the exposed nail bed resulted in a high dropout rate. All 
patients with total dystrophic onychomycosis failed, and only 56 % patients (15/27) 
were cured with this approach suggesting that the procedure should not be generally 
suggested for the treatment of onychomycosis [22].

Nail avulsion has been suggested to obtain a better specimen for fungal culture but 
should only be used in situations where both systemic and topical antifungal therapies 
have failed [21]. Contraindications include patients with peripheral vascular disease, 
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autoimmune disorders, collagen vascular disease, diabetes, hemostasis disorders, and 
acute infection/inflammation of the periungual tissue [23]. Possible keratinization of 
the nail bed as the nail plate is growing is also a concern, thus creating a “disappearing 
nail bed” scenario where the nail plate will never adhere to the nail bed [24].

�Mimickers of Toenail Onychomycosis: 
General Toenail Onychodystrophy

Toenail appearance and discomfort in shoe gear are the main motivators for most 
patients to schedule a podiatric consultation. During that patient visit, it is important 
for the practitioner to delve into the cause of the problematic toenail change, gener-
ally known as onychodystrophy. Onychodystrophy, which is any alteration of nail 
morphology, encompasses a wide spectrum of nail disorders [25]. Caused by either 
exogenous or endogenous factors, nail dystrophy may manifest as a misshapen, 
damaged, infected, or discolored nail unit that may affect the fingernails, toenails, 
or both.

Morphologic terms commonly used to describe these affected nails are onychol-
ysis, onychauxis, and onychorrhexis. Onycholysis is separation of the nail plate 
from the nail bed and may be caused by exogenous trauma, but also may be caused 
by a systemic disorder like psoriasis. The pocket created also creates a pathway for 
dermatophytes to infect the nail bed. According to Bodman, it is caused by repeti-
tive microtrauma, which can be caused by ill-fitting shoe gear and subsequent nail 
unit impingement [26]. As he notes, this commonly occurs not only in longer toes 
but also in the hallucal and fifth toenails especially in “slip-on shoes that hug the 
heels and grab the toes to stay on the foot.” One may also see onycholysis in patients 
who have hallux limitus and compensate by increased motion in the hallux interpha-
langeal joint, which ultimately causes impingement of the nail against the toe box. 
Distal onycholysis may be seen in patients who chronically get pedicures as a result 
of the instrument trauma during that salon service.

Onychauxis is thickening of the nail unit seen both in onychomycosis and psoria-
sis. Onychorrhexis presents as nail plate ridges parallel to the lateral nail fold. This 
may be seen as a sign of normal aging or as the manifestation of underlying diseases 
such as lichen planus and psoriasis [27]. Beau’s lines are depressions that run trans-
versely across the nail plate. The width of the depression correlates with the length 
of the insult to the proximal nail matrix [25]. Beau’s lines can occur singly (one 
event or illness) or with multiple bands (multiple repeated trauma). I see this nail 
manifestation in people who chronically get pedicures, those who play basketball or 
tennis (or any sport that stops and starts with the nails hitting the front of the shoe), 
and those who wear tight-fitting shoes and clogs.

Onychatrophia is a condition which typically occurs in the fifth toes and is a size 
and thickness reduction of the nail plate. Onychatrophia may be caused by shoe-
induced microtrauma, and other causes include peripheral vascular disease or lichen 
planus. The condition also may have a congenital origin.
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In the office, when patients have presented with these onychodystrophies, the 
patient usually feels the affected nail is onychomycotic. While onycholysis can be 
the starting point for onychomycosis, Beau’s lines can occur in fungal nails, and 
onychatrophia on the fifth toes may appear similar to nail fungus. It is important for 
the practitioner to distinguish between these traumatically induced deformities of 
the nail unit and true dermatophyte infection.

The most common type of nail dystrophy seen by podiatric practitioners is ony-
chomycosis which represents about half of the pathologies seen [25], but the physi-
cian should be aware of the numerous other pathologies that may mimic dermatophyte 
infection of the nail such as psoriasis, lichen planus, trachyonychia, and trauma.

�Trauma-Induced Onychodystrophy

Trauma can manifest in various ways to the toenails: exogenous means and second-
ary to the unique skeletal construct of the digit.

During a pedicure, the process of manipulating the cuticle may lead to Beau’s 
lines, or depressions of the nail plate that are parallel to the proximal nail fold. Also, 
scraping of the hyponychium can lead to onycholysis which provides a pocket for 
dermatophyte infection to take hold.

Often due to shoe gear and the shape and direction of the fifth digit, the fifth 
toenail often becomes dystrophic and thickened [26]. Patients and practitioners 
alike will confuse this with onychomycosis. If one sees this with concomitant ony-
chomycosis and treats the patient systemically, the practitioner should discuss with 
the patient the possibility that the fifth toenail may not respond to oral or topical 
antifungals. The underlying cause of the dystrophy can be biomechanical (adduct-
ovarus fifth toe where the digit is externally rotated and the nail is parallel to the 
side of the shoe) or tight-fitting shoes. A Lister’s corn or focal hyperkeratotic lesion 
that may appear to the patient as a “split nail” lateral to the nail plate may also be 
present.

Onychauxis, onycholysis, and discoloration secondary to the trauma of a severely 
contracted hammertoe may frustrate the patient who is pursuing antifungal therapy 
and questioning why a treatment regimen is not successful. In these cases, it is imper-
ative to educate the patient about the biomechanical cause of the nail thickening and 
the treatment options which range from purchasing a shoe with a deeper toe box to 
decrease pressure to surgical management of the digital deformity if warranted.

�Ambulation Disorders/Biomechanical Problems

As the armor protecting the distal phalanx is being subjected to aforementioned 
daily trauma from shoe gear and biomechanical forces during the gait cycle, the 
toenail can experience pathologies that run the gamut from hematoma to infection.
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�Asymmetrical Gait Nail Unit Syndrome

Zaias described a clinical entity where one hallux nail is dystrophic or onycholytic 
and the other nine are fairly normal in appearance. This lone dystrophic nail looks 
like onychomycosis and has failed all conservative and surgical methods which has 
resulted in patient frustration. This solo nail pathology may be asymmetric gait nail 
unit syndrome or AGNUS [28].

Due to performing gait analysis and clinically observing asymmetrical pathol-
ogy, podiatric physicians especially understand the body is not symmetrical, even 
when it comes to toenails. As described earlier, faulty biomechanics can affect the 
nail. AGNUS combines the biomechanical aspect with the notion that the feet aren’t 
mirror images. AGNUS is simply defined as “dermatophyte fungus-negative abnor-
mal nail as a result of toe friction in a closed shoe in patients with asymmetrical 
walking gait” [28, 29]. It begins with a unilateral hallux nail presentation but may 
eventually involve both halluces. Patients may also complain of back pain. 
Ultimately, these nails look onychomycotic but are frequently fungal culture nega-
tive. There is onycholysis distally, may have hyperkeratosis at the tip of the toe, and, 
as Zaias describes it, asymmetrical walking gait due to dysfunctional foot biome-
chanics (which he ascertained by looking at shoe wear patterns). The nails might 
look more opaque or discolored than the non-affected nails. He hypothesized that 
the friction of the shoe against the nail in a patient with abnormal gait will lead to 
AGNUS.  Therefore, part of his treatment regimen is to have the patient forgo 
closed-toed shoes.

In this author’s experience, patients who fit this description improved in the sum-
mer months when they could wear open-toed shoes daily. However, all of those 
positive changes regressed once they returned to closed-toed shoes in the fall and 
winter months. Beyond recommending wearing open-toed shoes for the majority of 
the year, the physician has to determine what the optimal treatment biomechanically 
may be like insoles, deep toe box shoes, or accommodative lycra toe box-based 
shoes that would give with each step. These modalities have not been assessed spe-
cifically for AGNUS, and further research will need to be completed in this area.

�Other Nail Pathologies Caused by Biomechanical Issues

Hallux valgus or the bunion deformity is the rotation and abductory movement of 
the great toe toward the second toe. This results in a hypertrophic dorsal-medial 
eminence at the first metatarsal which may or may not be painful. The hallux may 
underlap or overlap the second digit or abut closely to it. This may result in the fol-
lowing nail pathologies: hypertrophic nail plate, onychocryptosis, subungual hema-
toma, and onycholysis (which may lead to onychomycosis). Onychocryptosis may 
occur on either the medial or lateral hallux nail margin. If accompanied by ery-
thema, edema, and granulation tissue, a partial nail avulsion is warranted. However, 
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it should be noted that this entity may return if the underlying hallux valgus defor-
mity is not addressed. A functional orthotic device with or without a surgical proce-
dure where the hallux and metatarsal are brought back into alignment are treatment 
choices for this nail issue as well as the others mentioned. A deeper toe box and nail 
debridement are additional conservative options to both biomechanical assistance 
and surgical correction.

Hallux limitus/rigidus describes a condition where there is jamming of the proxi-
mal phalanx on the first metatarsal resulting in the loss of range of motion in the 
dorsiflexion motion. This is accompanied by increased motion in the interphalan-
geal joint to accommodate for the lack of motion at the first metatarsophalangeal 
joint. This results in the hallux nail being in a more dorsiflexed position and repeti-
tive trauma of the nail against the top of the toe box. The hallux nail can become 
thickened or onycholytic and predispose the nail unit to a dermatophyte infection. 
Conservative methods include debriding the nail and functional orthotics. Surgical 
procedure involves manipulation of the first metatarsal or fusion of the first metatar-
sophalangeal joint to bring the first ray back into alignment. Ultimately, this would 
affect the nail unit in a positive manner.

Contracted digits or hammertoes are a result of multiple forces in the foot that 
causes the digits to buckle at the proximal interphalangeal joint or the distal inter-
phalangeal joint. The toenail is pointing downward in these cases and is subjected 
to constant repetitive microtrauma from the ground and sole of the shoe. The nail 
becomes onychauxic and onycholytic which may predispose it to dermatophyte 
infection. The nail may also be devoid of fungal infection and appears hypertrophic 
simply as a response to the constant trauma. Conservative measures include nail 
debridement, orthodigital devices to take pressure off the distal tip of the toe, and a 
deeper toe box shoe. Surgical methods include an invasive procedure to straighten 
the toe by performing an arthroplasty to the contracted joint in question.

The adductovarus fifth toe presents as a rotated digit where the patient is walking 
on the lateral aspect of the toenail. There is often focal hyperkeratotic tissue that 
resembles a toenail lateral to the nail plate that appears as a “split” nail. Also, there 
might be a hyperkeratotic lesion (corn) on the proximal interphalangeal joint that is 
a source for pain in shoe gear. The fifth toenail may become hyperkeratotic and 
painful. This may visually look identical to onychomycosis but rarely is dermato-
phyte infected [30]. Shoe gear and biomechanics are the major causes of this nail 
pathology. A wider toe box shoe and orthotics may be helpful along with nail 
debridement, but many of these patients will go on to have a surgical procedure to 
derotate the fifth digit.

�Conclusion

For most podiatric practitioners, the care and management of toenail onychomyco-
sis is a large part of a medical practice. It is not only important for a podiatric prac-
titioner to collaborate with other medical specialties when treating a patient for this 

T.C. Vlahovic



189

entity but also prudent for non-podiatrists to realize the spectrum of toenail disease 
that can be caused by daily external forces. Due to shoe gear, mechanical forces 
from the ground and gait, and body weight in general, the toenails are subject to 
deforming forces that may result in nail pathology. They are a unique entity that 
shouldn’t be assessed simply by their visual presence but also by the exogenous fac-
tors they are being faced with in daily life.
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Chapter 20
Onychomycosis: Procedures and Laser 
Treatment

Joseph Vella and Tracey C. Vlahovic

�Introduction

Onychomycosis is a very common problem in the podiatric practice with a reported 
incidence of 3.22 % in the general population, ranging from 0.14 % in children to 
11.93 % in at-risk populations such as dialysis patients [1]. Current therapies have 
mostly focused on oral antifungals and, more recently, topicals such as efinacon-
azole and tavaborole. It is true that the oral antifungals have repeatedly proven to be 
the most effective for toenail fungus, and the newer topical medications’ increased 
efficacy is certainly encouraging. However, questions of their usefulness arise in 
patients in which these modalities are not affordable and/or plausible with concomi-
tant medical issues. In these patients the question is: are there other modalities for 
treating nail fungal infections, whether it be distal lateral subungual onychomycosis 
or total dystrophic onychomycosis?

Recently that answer is in the affirmative with new modalities coming to market 
in the last few years. In the past, that answer involved surgical intervention with or 
without concomitant antifungal treatment. Various surgical methods were studied, 
including debridement, abrasion, avulsion, matrixectomy, and more. More recently, 
laser and light therapy has become an area of interest for researchers. This chapter 
will focus on these alternative therapies and discuss the latest research on their 
application and efficacy.
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�Procedures

Just as in bacterial infections in the diabetic foot, frequently surgical correction of a 
fungal infection is a viable option. Many already do this as a part of “routine nail 
care,” which in the case of fungal nail infections can be considered a surgical 
removal. We may think we’re simply trimming nails for patients’ comfort, but we 
are also decreasing fungal burden as we remove those thick brittle distal nail por-
tions, just as if we were removing the overlying bacterial contaminants in a wound 
debridement. In cases of very limited onychomycosis, such as a dermatophytoma 
within the nail or early distal lateral subungual onychomycosis, this may be enough 
to remove the entire fungal burden.

However, most of the time simple nail debridement is not enough to achieve 
complete fungal cure. Concomitant oral or topical antifungal therapy is usually 
required to completely eradicate the infection. Malay et  al. in 2009 studied 55 
patients with onychomycosis and compared “routine nail care” alone to nail debride-
ment combined with topical antifungal therapy. Not surprisingly, none of the 
patients in the debridement-alone group achieved mycological cure while 76.74 % 
of those receiving combined therapy did [2]. Ameen et  al. in 2014 also recom-
mended adding antifungal therapy to debridement but weren’t optimistic about its 
results even with avulsion due to a disappointing randomized controlled trial that 
came out about the same time [3].

Some have suggested that abrasion or nail drilling, rather than debridement, may 
be just as successful in eradication of the fungal infection. Tchernev et al. suggested 
surgical removal for resistant infections but recommended abrasion therapy or 
superficial scraping of the nail plate if possible [4]. On the contrary, Cursi et al. 
studied the efficacy of oral and topical antifungals combined with nail abrasion in 
2013 [5]. They achieved only 32–36 % complete or partial cure in 25 patients after 
12 months with 24 % recurrence even in those who did achieve cure. More studies 
need to be done in this regard.

Sometimes debridement even with antifungal therapy is not enough, though, and 
more drastic surgical procedures need to be done, such as avulsions or matrixecto-
mies. Regarding avulsions, painful pressure due to a thick mycotic nail can easily be 
relieved with temporary removal of all or part of the nail, but concomitant topical or 
oral antifungal therapy is also required here or the result will be as short lived as the 
procedure [6]. Moreover, total nail avulsions should be avoided as they can lead to 
shrinkage of the nail bed, distal in-growing edge, and upward growth of the nail bed 
due to the loss of compressing forces of the nail plate [7]. Baran et  al. in 1985 
achieved total cure in 20 patients treated with partial nail avulsions combined with 
topical and systemic antifungal therapy; however, it took 6–18 months [8]. Lai et al. 
performed 33 nail avulsions in 32 patients more recently and achieved complete 
cure or almost complete cure in 88 % of patients, but these patients also received 
topical or systemic antifungal therapy [9].

When avulsions combined with antifungal therapy fail to provide relief, perma-
nent matrixectomy should be considered. Despite popular belief, there are multiple 
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ways of doing this. The most popular technique involves removal of all or part of a 
nail with the matrix attached and afterward applying a chemical such as 89 % phe-
nol or 10 % sodium hydroxide to the matrix to prevent regrowth. Proponents of 
sodium hydroxide say that it has a higher success rate with less drainage and faster 
healing times [6]. In either case, a tourniquet should be used as any blood in the 
surgical field will dilute the chemical and decrease effectiveness. The chemical of 
choice is usually applied three to four times for 30 s each, after which it is rinsed 
with alcohol (in the case of sodium hydroxide, it is neutralized due to an acid-base 
reaction). Care should be taken to apply the chemical not only to the matrix but to 
the nail bed in order to get the ventral nail matrix and prevent regrowth.

Other methods of removing the nail exist but are much less frequently used. 
These include negative galvanic current, radio-wave electrical energy, carbon diox-
ide lasers, occlusive urea, and “cold-steel” procedures such as the Winograd, Frost, 
and Zadik nail procedures. Negative galvanic current produces heat and production 
of sodium hydroxide through electrolysis at the cathode that is applied to the matrix 
for 4–7 min. Frequent users of this technique report decreased post-op pain, inflam-
mation, and drainage than chemical matrixectomy [6]. Radio-wave electrical energy 
was described by Hettinger et al. in 1991 and is applied directly to the matrix via a 
probe. It only takes 2–4 s and provides matrix destruction and hemostasis by an 
electrocautery effect. Users report less postoperative pain, swelling, and infection 
than other methods, but no data supports this. Obviously this method cannot be used 
in people with pacemakers [6]. So-called “cold-steel” procedures such as the Frost 
and Zadik are good for truly resistant cases, and they give the added benefit of 
access to exostoses needing removal.

Not all procedures are meant to remove nail, either; Gupta et al. in 2012 dis-
cussed innovative medical devices that utilized iontophoresis or ultrasound to 
increase the transport of medications across the nail plate [10]. Two devices in 
development used iontophoresis and electrical current to increase drug intake of the 
nail plate in cadaveric models, some 7–13 times higher penetration. They reference 
a trial with 38 subjects in which iontophoresis combined with topical terbinafine 
resulted in mycological cure in 84  % of patients in 12  weeks. Ultrasound also 
increased nail permeability in canine models by 1.5 times.

�Laser Therapy

Laser therapy for fungal nails has been a hot topic in recent years. Many articles 
have claimed significant efficacy at fungal eradication with few to no side effects.

Recently multiple systematic reviews have analyzed the effectiveness of laser 
therapy in the treatment of onychomycosis, including Bristow in 2014 and Ledon 
et al. in the same year. Bristow’s initial literature search brought up 268 articles, 
which was then narrowed down to 12 after excluding those which didn’t meet inclu-
sion criteria due to poor design, small sample size, and poor internal or external 
validity [11]. Even among the articles that did make the cut, Bristow had difficulty 
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with analysis on a larger scale due to heterogeneity of study design and diagnostic 
methods. Additionally the follow-up period for most studies was 12–24 weeks even 
though it may actually take 24 months to fully evaluate the effectiveness on the nail 
fungus. No studies compared laser therapy with more traditional therapies like oral 
terbinafine or topical efinaconazole. Finally, only one study made no declaration of 
competing interests, making it hard to fully accept their findings without that nag-
ging sense of bias in the back of the reader’s mind.

Despite all this, there were some interesting trends and findings that may help 
those who are considering using laser therapy for onychomycosis and which device 
is the most effective. For example, the neodymium-doped yttrium aluminum garnet 
(Nd:YAG) laser seems to be the most frequently researched device, albeit with 
mixed results. Kalokasidis et al. in one of the larger studies treated 131 patients with 
microbiologically confirmed onychomycosis with a Q-switched Nd:YAG 
1064/532  nm laser following nail reduction with a drill. After two treatments 
30 days apart and using both wavelengths, they achieved a 95.4 % cure rate con-
firmed by microscopy and culture. Of note, only distal lateral subungual onychomy-
cosis (DLSO) and superficial white onychomycosis (SWO) were studied, leaving 
readers to wonder whether this method would be as effective for more extensive 
infection such as total dystrophic onychomycosis (TDO) [11].

In another larger study, Zhang et al. used the 1064 nm Nd:YAG long pulse laser 
device to study 33 patients with 154 microscopically and culture-proven mycotic 
nails. Patients received either four or eight treatments at 1 week intervals, and results 
were tallied at 24 weeks. There was no significant difference in mycological cure 
rates between the two groups, but they did achieve 53 and 51 % mycological cure 
rates, respectively. They also reported a recurrence in ten nails within 2–4 months 
of treatment, suggesting that the laser only temporarily inhibited fungal growth in 
the nails [11].

On the other hand, Hollmig et  al. studied the effectiveness of the 1064  nm 
Nd:YAG laser in 27 patients with culture or PAS stain confirmed onychomycosis. 
Patients received either no treatment or two laser treatments 2 weeks apart, with 
follow-up at both 3 months and 1 year. At 3 months, only 33 % of the laser group 
achieved negative culture as compared to 20 % in the control group with no statisti-
cally significant difference between the two groups. By 12 months there was no 
difference between the groups, suggesting again that laser may only have a tempo-
rary effect in onychomycosis [11].

One of the few studies not involving the Nd:YAG laser was done by Landsman 
et al. in 2010. In their randomized controlled trial, 36 patients with proven onycho-
mycosis were randomly allocated to laser treatment using a continuous wave 
870/930 nm laser or control sham device. Patients were treated at day 1, 14, 42, and 
60. At 6 months, only two treated nails had completely or markedly improved (as 
well as two controls) with slight to moderate improvement in 18 treated nails and 
three control nails. The study was funded exclusively by a laser manufacturer with 
employees of the company listed as coauthors [11].

Another systematic review by Ledon et al. in 2014 studied a wider range of laser 
and light devices in the treatment of onychomycosis [12]. While still including stud-
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ies about the Nd:YAG laser, they also analyzed studies of the carbon dioxide (CO2) 
and dual wavelength 870/930 nm lasers, UV light therapy, and photodynamic ther-
apy. They also made the observation that the FDA has approved laser systems for a 
“temporary increase in clear nail in patients with onychomycosis.”

The CO2 laser system was discussed first – appropriately, since it is the oldest 
laser therapy used for onychomycosis. A few early studies showed promising results 
with 66–75 % efficacy; however, these results were questionable due to confound-
ing factors such as concurrent topical antifungal use, regular debulking, and failure 
to confirm clearance with culture. Moreover, new less invasive treatments have 
made this modality less desirable, and as such it is rarely used today [12].

UV light therapy was once a promising therapy for onychomycosis. It is known 
that UV light is extremely germicidal, which led researchers to investigate its use in 
onychomycosis. Indeed, Dai et  al. studied in vitro susceptibility of T. rubrum to 
UVC light and achieved 100 % clearance at 144 J/cm2 [12]. T. rubrum showed no 
resistance to this therapy, either. However, the mutagenic potential of UV light has 
limited its use and thus further studies of its efficacy.

Photodynamic therapy (PDT) consists of the combination of a photosensitizing 
agent (such as 5-aminolevulinic acid or 5-ALA) with irradiation by a specific wave-
length of light. In vitro studies were promising, with one study by Donnelly et al. 
achieving 90 % reduction in viability with C. albicans and 79 % reduction in viabil-
ity with T. interdigitale. In vivo studies were less promising though: one clinical 
trial evaluating PDT after chemical avulsion of the toenail reported a 43.3 % clinical 
and mycological cure rate after three sessions of 20  % 5-ALA for 3  h and at 
12-month follow-up. Other small case studies had some success without the chemi-
cal nail avulsion. Some other photosensitizers, such as Sylsens B, have been shown 
to be effective in  vitro, specifically against T. rubrum-infected human skin [12]. 
Ameen et al. also quoted a recent PDT study in which the researchers had obtained 
a 44.3 % cure rate at 12 months, which dropped to 36.6 % at 18 months [3]. They 
concluded that more studies need to be done, specifically on living human nails.

Dual wavelength 870/930 nm laser therapy has had limited success in the litera-
ture. Besides referencing the aforementioned article by Landsman et al., Ledon also 
found a small case study by Bornstein et al. with seven patients treated with four 
sessions of 870/930 nm laser therapy over the course of 60 days. In this small study, 
they observed a 100 % negative culture rate but only observed clear nail growth in 
four patients [12].

�Conclusion

In summary, more research needs to be done on both alternative procedures as well 
as laser and light therapy in the treatment of onychomycosis. Although some of the 
research is promising and contains sound principles for treatment, varied study 
designs with small patient populations make it difficult to recommend these modali-
ties. With the volume of research that has been done in recent years, it shouldn’t be 
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too long before we have solid evidence to guide us one way or the other. For now, 
pharmaceutical treatment with or without debridement and/or surgical removal 
remains the accepted standard of care.
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Chapter 21
New Topical Antifungals

Tracey C. Vlahovic

Until recently, topical treatments for onychomycosis employed lacquer formula-
tions (e.g., ciclopirox). These are organic solutions of film-forming polymers. Upon 
application to the surface of the nail, the solvent evaporates, leaving a water-resistant 
polymer film on the nail plate. This occlusive film acts as a drug reservoir that facili-
tates the release and penetration of the drug into and through the nail. One must then 
remove the film either mechanically or with organic solvents and apply fresh lac-
quer to replenish the drug reservoir [1, 2].

Efficacy in treating onychomycosis with ciclopirox lacquer reported complete 
cure rates range from 5.5 to 8.5 % [3]. Various authors have suggested that poor nail 
penetration is the main factor limiting the use of topical antifungal agents in the 
treatment of onychomycosis, directly relating to the nail plate’s unique properties, 
its thickness and relatively compact structure, the physicochemical properties of the 
antifungal agent, and its formulation [4–10].

Chronic nail plate infection increases nail thickness [11, 12]. Other authors have 
noted that chronic nail plate infection creates a brittle nail unit, suggesting a more 
porous structure of the nail and erosion of the intracellular matrix that renders the 
tissue more permeable to topically applied agents especially when it is an aqueous-
based vehicle formulation [13].
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�The Recently Approved Topical Antifungal Agents: 
Efinaconazole and Tavaborole

In 2014, two new topical solutions for onychomycosis were FDA approved: efinac-
onazole (Jublia, Valeant Pharmaceuticals) and tavaborole (Kerydin, PharmaDerm). 
The complete cure rates of tavaborole 5 % solution are 6.5–9.1 %, and the complete 
cure rates for efinaconazole 10 % solution are 15.2–17.8 % [14–16]. Both efinacon-
azole and tavaborole were studied in Phase 3 clinical trials where their protocols 
were not identical. In both studies, patients applied the topical antifungal or vehicle 
once daily for 48 weeks with a four-week follow-up; however, they vary in their 
percent nail involvement, age limit, and other criteria. Therefore, it is impossible to 
make a head-to-head comparison between both medications.

Elewski et al. assessed the efficacy, safety, and tolerability of efinaconazole in 
two double-blind, randomized, vehicle-controlled, multicenter studies in 1655 
patients with mild to moderate onychomycosis (ranging between 20 and 50 % 
affected target toenail involvement) [16]. In addition to the aforementioned com-
plete cure rates, researchers noted significantly greater mycologic cure rates 
(55.2 and 53.4 %) in efinaconazole-treated patients in comparison to the vehicle 
control.

Elewski and colleagues also studied tavaborole in two parallel designed studies 
of 1197 patients with mild to moderate onychomycosis (ranging between 20 and 
60 % affected target toenail involvement) with slight differences in enrollment cri-
teria [14, 15]. In the two studies, 26.1 and 27.5 percent of patients treated with 
tavaborole achieved a completely or almost clear nail at 52 weeks in comparison to 
9.3 and 14.6 % in the vehicle groups. The study authors also noted that the rates of 
negative mycology in the tavaborole groups were 31.1 and 35.9 % in comparison to 
7.2 and 12.2 % in the vehicle groups.

Lacquer-based topical therapies are applied primarily to the exterior nail plate, 
with drug reaching the infection site mostly through nail permeation [4, 5, 17]. 
Much has been written about topical onychomycosis treatments and the challenge 
of effective nail penetration following their application to the nail plate with the 
dorsal layer acting as the major barrier to penetration [18, 19]. Researchers have 
emphasized the need for the active ingredient to pass through the nail plate to reach 
the site of infection and have suggested a number of physicochemical factors (such 
as molecular size, hydrophilic or lipophilic nature of the agent, pH, ionic strength, 
and nature of the vehicle formulation) as important factors in influencing permea-
bility [18]. Studies have reported variable nail permeability for all the available topi-
cal preparations available in the United States and work continues to find agents and 
formulation approaches to enhance nail penetration [20–23].

Efinaconazole is an alcohol-based solution that provides low surface tension and 
good wetting properties [24]. In a study of 11 patients with onychomycosis, Elewski 
et al. found that applying efinaconazole vehicle solution solely to the hyponychium 
spreads the topical into the subungual space between the nail plate and nail bed, 
reaching the site of infection [25]. Application to the hyponychium and ventral aspect 
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of the nail plate may be important in patients wishing to continue to use nail polish 
[26]. Although nail polish does not appear to influence efinaconazole penetration into 
the nail, nail polish can become tacky with repeated application [27].

Tavaborole is also an alcohol-based solution that provides low surface tension 
but also boasts a low molecular weight-active ingredient that penetrates well through 
the human nail plate [16]. In a human cadaver nail study, tavaborole penetrated the 
nail plate 40 times greater than topical ciclopirox [28]. Up to four layers of nail pol-
ish does not seem to inhibit penetration of tavaborole [29]. In neither efinaconazole 
nor tavaborole has the impact of nail polish on efficacy been assessed, nor is it 
contraindicated.

As toenail growth progresses from proximal to distal, newly formed nail plate 
replaces diseased nail, a process that can take 12–18 months [29]. Clinical trial data 
suggest tavaborole and efinaconazole should be applied daily to the toenails for at 
least 48  weeks. Some patients may require treatment for considerably longer 
because of slow toenail growth, disease severity, or for other reasons. It is not known 
whether longer treatment regimens with tavaborole or efinaconazole would produce 
better efficacy results; however, higher cure rates following longer follow-up peri-
ods have been reported with other agents [30–32].

It is important that patients recognize that “cure” may not translate to a com-
pletely clear nail [33]. Poor adherence with any long-term chronic therapy is well 
documented [34]. A number of post hoc analyses with efinaconazole have been car-
ried out to better identify prognostic factors for treatment success. Gender [35] and 
disease severity [36] were significant influencers of complete cure over the duration 
of the studies; female patients and those with milder disease may see results much 
quicker in clinical practice, whereas male patients and those with moderately severe 
disease may require a longer treatment course or combination therapy with oral 
antifungals. Although male patients are more difficult to treat, reasons are unclear. 
They tend to seek help for more advanced disease and suffer more nail trauma; toe-
nails tend to be thicker. The reduced rate of growth and thickness of the nail may be 
factors in more severe disease, although it may be that these patients just require 
longer treatment courses.

Tinea pedis is an important causative factor for onychomycosis, and better results 
are seen when any coexisting tinea pedis is also treated [37]. In addition, managing 
tinea pedis is critical to minimizing disease recurrence.

�Treatment Options for Current and Post-onychomycosis 
Toenail Onychodystrophy: Combination Therapy 
with Devices, Cosmetic, and Nutritional

During and after treatment of the underlying infection seen in onychomycosis, the 
nail plate may not regain its original healthy appearance. Clinicians should consider 
other therapies and devices to use in combination with an antifungal therapy and/or 
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use post topical antifungal therapy that will adhere to the nail plate, provide mechan-
ical support, and be easy to use.

There are two medical devices available for the treatment of onychodystrophy: 
Genadur™ (hydroxypropyl chitosan, Medimetriks) and Nuvail™ (poly-ureaurethane, 
16 %, Cipher). These are nondrug lacquers applied topically to the nail at bedtime. 
Genadur is indicated to “protect damaged nails from the effects of moisture, friction, 
or shear” in order to relieve the symptoms of nail dystrophy [38]. It is a hydrosoluble 
compound that should be applied after nail washing and drying. Studies on psoriatic 
nails have shown that it has an improvement in nail fragility, a reduction in splitting, 
and a 63 % reduction in onycholysis [39].

Nuvail is a waterproof and flexible film that forms to the nail contour to provide 
protection from direct abrasion and provides optimal moisture balance to protect the 
nail from the effects of moisture [40]. Nasir et al. followed 53 patients with nail 
dystrophy who used Nuvail nightly [41]. Clinical assessment, which evaluated 
color, onycholysis, and subungual hyperkeratosis, resulted in a 60 % improvement 
after 6 months of use.

In addition, if cosmesis is a concern for the patient, Keryflex™ nail resin may be 
applied to camouflage and protect the nail unit. A podiatric office-based therapy, 
Keryflex™ (Podiatree Company), has been used to cover nail fungus and various 
other nail dystrophies whether the patient is being systemically treated for the 
underlying condition or not. Among its many uses, it has been applied following the 
use of the laser for onychomycosis and in covering a nail that has become dystro-
phic following surgery for paronychia. It is a flexible nail resin that is not suitable 
for fingernails, as it moves with the foot and takes some impact of external forces, 
making it suitable for use in athletes and dancers who regularly traumatize the 
toenails.

Biotin, an oral option for brittle nails, benefits dystrophic nails approximately 
2–3 months after starting the supplement [42]. Although there is no protocol on 
optimal duration of use, biotin supplementation should continue as long as there is 
clinical improvement.

�Conclusion

Onychomycosis will remain a common nail disease that should be treated effec-
tively and early to prevent progression into a more severe, debilitating, and painful 
condition. In addition, prevalence will likely continue to increase as the population 
ages, and more patients seek treatment due to resurgence of media interest. Product 
development will focus on physicochemical properties suited to treating onychomy-
cosis and advances in formulation research to ensure sufficient product reaches the 
site of infection in the nail bed. It is likely that other routes to the infection (not just 
permeability through the nail plate) will become important.

One area of research that is likely in the future is the potential of other penetra-
tion routes for topical therapy. The benefits of subungual delivery are clear, and a 
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dual approach of transungual delivery and application under the hyponychium could 
provide greater efficacy. Subungual delivery may also be an important consideration 
for those patients who either want to continue to use nail polish or wish to start using 
nail polish once they see improvement in the toenail.

With more new topical products entering the market, we are likely to see 
increased patient awareness and expectation. Education of our patients in terms of 
disease management, how long it takes for the nail to become normal, and what they 
can do to prevent disease spreading or reinfection will be critical.
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Chapter 22
New Topical and Systemic Antifungals

Gabriela Moreno-Coutiño and Roberto Arenas

�Introduction

Onychomycosis is a chronic and progressive fungal infection of the nail plate that 
causes destruction and deformity of the normal structures with the consequent dis-
comfort and psychological stress for which patients pursue the cure.

The history of antifungal drugs (Table 22.1) began in the 1950s with the develop-
ment of amphotericin B, a polyene of the same family as nystatin and pimaricin. 
Griseofulvin the first anti-dermatophyte oral drug was FDA approved almost in 
1960. Afterward came 5-fluorocytosine and the azoles in the 1970s with the newest 
one approved by the FDA in 2015, isavuconazonium sulfate [1, 2].

Allylamines, terbinafine and naftifine, appeared in the 1990s and amorolfine 
years later. Echinocandins, as anidulafungin, caspofungin, and micafungin, were 
initially used around 1980.

Key Features
	1.	 Still in search for the ideal onychomycosis treatment
	2.	 New topical treatments predominate over systemic ones
	3.	 Many studies are focused on nail plate permeability
	4.	 Risk factors must be considered to determine which is the best therapy for 

each case
	5.	 Refractory cases are usually secondary to non-dermatophytes molds.
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Some have fungistatic, fungicide, or mixed action. Many of them are broad-
spectrum drugs that can be used in superficial and/or systemic fungal infections. 
However, although the list of antimycotics is long and continues to grow, the devel-
opment of new antifungal agents is rather slow if compared to the development of 
new antibiotics, despite the growing number of systemic mycosis. The main reason 
is the similitudes shared by human and fungal cells which are eukaryotes and thus 
can be more toxic to humans in a parallel manner. They also cause drug interactions 
and hepatic or renal toxicity more frequently than antibiotics. For this reason, the 
major developments on new systemic drugs are almost exclusively reserved for sys-
temic life-threatening mycoses [3].

So, even if onychomycosis is the most common nail disease and it’s prevalence 
increases with age and with the growing immunosuppressed population, the devel-
opment of novel drugs required for its cure is not focused on being systemic but 
rather a topical and extremely effective option that, to this moment, we are lacking. 
Despite adequate treatment, more than 20 % of the onychomycosis that receive oral 
treatment don’t resolve, even when combined with an adjuvant topical option [4, 5].

�Diffusion Treatments

Onychomycosis is cosmopolite and affects around 8 % of the population with its 
prevalence and causal agents more or less similar worldwide.

Commonly dermatophytes are responsible for the infection, but yeasts and non-
dermatophyte molds (NDM) can be isolated. The incidence increases with age and 
is associated to other diseases such as peripheral vascular insufficiency, diabetes, 
and any other form of immunosuppression [6].

The prevalence in patients older than 60 years of age is 20 % but dramatically 
increases to 50 % 10 years later. This can be added to the risk in diabetic patients 
that is 1.9–2.8 times higher when compared to nondiabetics. In HIV-positive 
patients, the prevalence ranges from 15 to 40 % [7].

All therapeutic options, systemic or topical, new or old, still pose the disadvan-
tage of prolonged administration. To this moment the standard treatment is oral 
terbinafine or itraconazole with cure rates of 76 % for the former and 63 % for the 
latter, and fluconazole has a cure rate of only 48 % [7, 8].

Table 22.1  Main antimycotic groups Polyenes
Azoles
Allylamines
Β-Glucan synthase inhibitors 
(echinocandins)
Pyrimidine analogues
Mitotic inhibitors
Aminoacyl-tRNA synthetase inhibitors
Others
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These three antifungals present very similar results among adults and children 
[9]. However, as the elderly are the most affected age group, drug interactions and 
liver toxicity frequently discourage systemic administration of antimycotics, so 
topical agents are preferred. Despite these innovations, there still is the need for a 
superior option because the cure rate is still very poor [10, 11].

A study analyzed the cases of initially negative KOH results for onychomyco-
sis and concluded that up to 94 % of the tests reported as negative, after more 
thorough examinations turned out to be positive, so the authors conclude that the 
systemic antifungal treatment should be indicated on a clinical diagnosis. We 
personally disagree, because these depend on two important factors which are 
the experience and skills of the person performing the KOH mount and the clini-
cal ability for onychomycosis diagnosis of the physician [12]. We must also con-
sider what Feuilhade de Chauvin mentions that the fungal species need to be 
identified for the correct antifungal election, as yeasts and NDM can also cause 
onychomycosis, despite the fact that dermatophytes are the most common etio-
logical agents [13].

The American Academy of Dermatology reinforced the recommendation for 
confirmatory testing of onychomycosis before initiating systemic treatment with the 
intention to reduce unnecessary side effects and economic burden; although they 
also recognize that overall confirmatory testing is more expensive than treating all 
suspected cases and that the potentially harmful side effects secondary to oral treat-
ment (usually terbinafine or itraconazole) are extremely infrequent [14].

So, if we are on a clinical setting, we will most commonly seek confirmatory 
testing, but if our aim is optimization of resources, we most likely won’t solicit them 
and both options are ethically supported.

�Treatment

�Systemic

About the first line of oral treatment for onychomycosis, there is no news. Terbinafine 
and itraconazole are still the ones we must choose from, the former considered the 
gold standard [15–18].

However, what may be an improvement is the sequential therapy, which is the 
combination of two oral antifungals that act in different pathways of ergosterol 
metabolism, with the intention to reduce duration of treatment. For this, patients 
are given two pulses of itraconazole and, afterward, one or two of terbinafine 
[19–21].

Fluconazole is a hydro and keratinophilic azole with actions similar to those of 
itraconazole, dependent on the CYP450 system is used as weekly dosage treatment 
for onychomycosis during 6–9 months, and is not FDA approved for this purpose 
[22] but sometimes selected by its covenient posology and broad spectrum.

22  New Topical and Systemic Antifungals
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As Candida sp. and non-dermatophyte molds (NDM) can also cause onychomy-
cosis, these fungi are frequently encountered as unresponsive to the first line of 
treatment. Voriconazole, an azole usually reserved for severe systemic fungal infec-
tions, has been successful in refractory NDM onychomycosis (Scytalidium dimidia-
tum). One report mentions excellent results in a patient with total onychodystrophy 
of a fingernail and tinea in both hands and feet. She was treated during 3 months 
monitoring the drug plasma levels [23–25].

Posaconazole has proven in  vitro to have a potent antifungal activity against 
dermatophytes.

A phase 2 clinical trial of posaconazole in the treatment of onychomycosis 
receiving 100, 200, or 400 mg once a day during 24 weeks or 400 mg once a day for 
12 weeks showed that the diffusion of the drug to the nail plate is similar to other 
antifungals such as itraconazole or terbinafine, and the levels in the nail plate remain 
high after treatment is stopped, which suggests that it accumulates in the nail matrix 
[17, 26].

Posaconazole weekly dosages during a month were indicated to an HIV-positive 
patient with proximal white onychomycosis caused by Fusarium falciforme and 
resistant to itraconazole and terbinafine. With this regimen, mycological and clini-
cal cure was obtained and sustained for at least 16 months [27].

Albaconazole is a broad-spectrum antifungal drug with activity against dermato-
phytes and NDM in vitro and in animal models. It has been studied in phase I and II 
for superficial dermatophytosis. Phase III is still pending [28].

Pramiconazole is another systemic azole commercialized in the late 2000s. This 
drug is one of the few developed specifically for superficial mycosis such as tinea 
versicolor, corporis, pedis, cruris, and onychomycosis. Clinical trials, phases I and 
II, were successfully reported with similar or superior antifungal activity as keto-
conazole and itraconazole. A good absorption and a long half-life, so much that a 
daily dosage was sufficient, have been reported. It has been proved growth reduc-
tion in Candida albicans, Malassezia globosa, Microsporum canis, Trichophyton 
mentagrophytes, and Trichophyton rubrum. However, after these promising results, 
the laboratory was sold to another pharmaceutical company and the studies were put 
on hold [29].

This antimycotic was then used as an oral treatment for seborrheic dermatitis and 
vulvovaginitis as a phase IIa trial with promising results for yeast infections. 
However, no further studies with oral therapy have been conducted regarding der-
matophyte infections [30, 31]. In vitro studies found that pramiconazole has activity 
against dermatophytes and yeasts with application of this topical antifungal, compa-
rable with the results obtained with oral administration of itraconazole, miconazole, 
and terbinafine [32].

Although this is not directly related to antifungal drugs, it has been documented 
that patients living with HIV and onychomycosis can improve or even cure after the 
initiation of the combined antiretroviral therapy. These results may be multifactorial 
and further studies need to be conducted; however, this kind of recovery is not seen 
in the setting of other diseases that condition immunosuppression under the required 
specific treatment [33].
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�Topical

Ciclopirox hydro-lacquer is based on water soluble biopolymer technology which is 
supposed to be an improvement with previous lacquers, and still studies are being 
performed with terbinafine nail solution [19].

Naftifine hydrochloride 1 % in gel has proven usefulness in treating fingernail 
onychomycosis, of the distal subungual variety, with reasonable results and few side 
effects [34].

Several studies have been recently published about topical efinaconazole in 10 % 
solution which has been in the market for a couple of years. This azole derivate has 
been studied for its efficacy, safety, and tolerability as treatment for mild to moder-
ate onychomycosis with results superior to the vehicle which contains alcohol, lipo-
philic esters, and cyclomethicone. After 52 weeks of treatment 18.5 % of patients 
showed complete cure, compared to 4.7 % of the control group. Mycologic cure was 
registered in 56.3 % and complete or partial cure in 2.7 %, and another interesting 
data obtained is that the mean unaffected new nail growth was higher with efinacon-
azole when compared to patients that received only the vehicle [35, 36].

Efinaconazole has been tested for toxicity, which is positive during gestation of 
rats, but not of rabbits. Is not teratogenic either to rats or rabbits [37–39].

In conclusion of all the reports published about 10  % topical efinaconazole, 
authors agree that it is a safe and effective option, particularly for mild onychomy-
cosis and that, like any other previously tried topical treatment, can work as adju-
vant in patients that are receiving systemic therapy. And although by its administration 
route, no life-threatening adverse reactions are expected, contact dermatitis has 
been reported [40, 41].

Tavaborole topical solution 5 % is a new treatment option. It is a broad-spectrum 
antifungal from the benzoxaboroles group that has been tested in phase III trials for 
efficacy and safety of onychomycosis both in adult and geriatric patients [42, 43]. It has 
a low molecular weight compared to other topical antifungals, which may enhance nail 
plate penetration although it showed a low mycological cure rate of 30–36 % [44, 45].

�Outlook: Future Developments

The nail unit inherently requires a thick and resistant structure in order to resist 
environmental and occupational hazards and must be taken into account for the new 
treatment options.

A downside to topical treatments is the extremely long time the drug needs to be 
applied (e.g., 12 months for toenails), so an alternative to improve topical medica-
tions is to enhance drug penetration through the nail plate. A study on nail plate 
permeation to topical antifungal drugs found that onychomycosis infection changes 
nail permeability, opening the nail pores, and, thus, facilitates the passage of hydro-
philic molecules, while the hydrophobic molecules did not show any improvement. 
The authors suggest that the change induced by the nail infection should be used as 
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an advantage, and a small molecular weight hydrophilic antifungal agent with low 
levels of keratin binding could be of benefit [46, 47].

Other strategies are being developed in order to improve topical drugs penetra-
tion. These techniques include iontophoresis, nail abrasion, microporation, laser 
nail ablation, and laser therapy, among others [19].

The drug ME1111 [2-(3,5-dimethyl-1H-pyrazol-1-yl)-5-methylphenol is being 
developed as a new drug against dermatophytes, but still is under study [10].

Ravuconazole is a broad-spectrum azole that so far has been tried only for sys-
temic mycoses and Chagas disease [48].

Luliconazole is a topical azole that has undergone phase I and IIa trials and case 
studies as topical treatment for onychomycosis as 10  % solution which reached 
steady plasma levels of the drug. It has also been tested in vitro against Trichophyton 
rubrum and Trichophyton mentagrophytes. The authors reached the conclusion that 
this drug has potent fungicidal activity when compared to the other topical azoles 
and promises good results as a therapeutic option in the near future. It has shown to 
be more potent than lanoconazole among other antifungals [49–52].

Miltefosine, which is an alkyphospholipid used to treat leishmaniasis and cuta-
neous breast metastasis, has now been proved to have potent in vitro activity against 
biofilms of Fusarium oxysporum and Candida albicans. So, probably in the near 
future, more studies will be performed with this drug that promises good results as 
topical treatment for non-dermatophyte onychomycosis [53].

Combination therapy of oral/oral, oral/topical, oral/laser, and topical/laser is still 
being tried in numerous studies with variable but modest results [54].

Apparently, the oral treatment options will stay the same, at least for some time. 
In vitro antifungal susceptibility studies mention terbinafine as the most potent anti-
fungal against dermatophytes, followed by itraconazole and fluconazole [55].

And of course, we must not forget that prevention of risk factors will always play 
an important role in patients’ lives [7].

Summary for the Clinician
Since onychomycosis is very common and the ideal treatment does not exist, 
many therapeutic approaches are available with variable results. Although it is 
a disadvantage, we can make the most of it by having countless treatments 
that can adapt to the social and medical needs of each of our patients, always 
taking into consideration the general health status, socioeconomic capacity, 
age, and possible drug interactions.

Clinical Pearls
When possible, onychomycosis diagnosis should be confirmed by KOH 
mount and culture.

Even after successful mycological cure, nail may persist dystrophic since 
clinical cure takes longer.

New treatments will continue under investigation to improve outcome.

G. Moreno-Coutiño and R. Arenas



211

References

	 1.	Dixon DM, Walsh TJ. Chapter 76: Antifungal agents. In: Baron S, editor. Medical microbiol-
ogy. 4th ed. Galveston: Univ of Texas Merdical Branch; 1996.

	 2.	Azanza JR, García-Quetglas E, Sádaba B. Farmacología de los azoles. Rev Iberoam Micol. 
2007;24:223–7.

	 3.	Lewis RE. Current concepts in antifungal pharmacology. Mayo Clin Proc. 2011;86:805–17.
	 4.	Baran R, Rigopoulos D.  Nail therapies. Chapter 4B.  London: Informa Healthcare; 2010. 

p. 17–29.
	 5.	Barber K, Barber J. Onychomycosis: therapy directed by morphology and mycology. Skin 

Therapy Lett. 2009;14:1–2.
	 6.	Ribeiro CS, Zaitz C, Framil VM, Ottoboni TS, Tonoli MS, Ribeiro RP. Descriptive study of 

onychomycosis in a hospital in Sao Paulo. Braz J Microbiol. 2015;46:485–92.
	 7.	Westerberg DP, Voyack MJ. Onychomycosis: current trends in diagnosis and treatment. Am 

Fam Physician. 2013;88:762–70.
	 8.	Coelho de Sá D, Bottolamas AP, Tosti A. Oral therapy for onychomycosis: an evidence based 

review. Am J Clin Dermatol. 2014;15:17–36.
	 9.	Gupta AK, Paquet M. Systemic antifungals to treat onychomycosis in children: a systematic 

review. Pediatr Dermatol. 2013;30:294–302.
	10.	Takahata S, Kubota N, Takei-Masuda N, Yamada T, Maeda M, Mahdi Alshahni M, Abe S, 

Tabata Y, Maebashi K. Mechanism of action of ME1111, a novel antifungal agent for topical 
treatment of onychomycosis. Antimicrob Agents Chemother. 2016;60:873–80.

	11.	Vilaverde Schmitt J, Bombonatto G, Trierweiler SM, Buosi Fabri A. General aspects of drug 
interactions with systemic antifungals in a retrospective study sample. An Bras Dermatol. 
2013;88:476–9.

	12.	Amichai B, Davidovici B, Trau H, Lyakhovitsky A, Grunwaldt MH, Shemer A. A rationale for 
systemic treatment in onychomycosis with negative results on fungal examination. Clin Exp 
Dermatol. 2011;36:724–7.

	13.	Feuilhade de Chauvin M. Traitement des onychomycoses. J Mycologie Medicale. 2014;24: 
296–302.

	14.	Mikailov A, Cohen J, Joyce C, Mostaghimi A.  Cost-effectiveness of confirmatory testing 
before treatment of onychomycosis. JAMA Dermatol. 2016;152:276–81.

	15.	Yin Z, Xu J, Luo D. A meta-analysis comparing long-term recurrences of toenail onychomy-
cosis after successful treatment with terbinafine versus itraconazole. J  Dermatol Treat. 
2012;23:449–52.

	16.	Yadav P, Singal A, Pandhi D, Das S. Comparative efficacy of continuous and pulse dose terbi-
nafine regimes inn toenail dermatophytosis: a randomized double-blind trial. Indian J Dermatol 
Venereol Leprol. 2015;81:363–9.

	17.	Gupta AK, Simpson FC.  New pharmacotherapy for the treatment of onychomycosis: an 
update. Expert Opin Pharmacother. 2015;16:227–36.

	18.	Eldrige ML, Chambers CJ, Sharon VR, Thompson III GR. Fungal infections of the skin and 
nail: new treatment options. Expert Rev Anti Infect Ther. 2014;12:1389–405.

	19.	Singal A, Khanna D. Onychomycosis: diagnosis and management. Indian J Dermatol Venereol 
Leprol. 2011;77:659–72.

	20.	Bueno JG, Martinez C, Zapata B, Sanclemente G, Gallego M, Mesa AC. In vitro activity of 
fluconazole, itraconazole, voriconazole and terbinafine against fungi causing onychomycosis. 
Clin Exp Dermatol. 2009;35:658–63.

	21.	Ataides FS, Chaul MH, El Essal FE, Costa CR, Souza LKH, Fernandes OFL, Silva 
MRR. Antifungal susceptibility patterns of yeasts and filamentous fungi isolated from nail 
infection. J Eur Acad Dermatol Venereol. 2012;26:1479–85.

	22.	Welsh O, Vera-Cabrera L, Welsh E. Onychomycosis. Clin Dermatol. 2010;28:151–9.
	23.	Spriet I, Lambrecht C, Lagrou K, Verhamme B.  Successful eradication of Scytalidium 

dimidiatum-induced ungula and cutaneous infection with voriconazole. Eur J Dermatol. 2012; 
22:197–9.

22  New Topical and Systemic Antifungals



212

	24.	Baudraz-Rosselet F, Ruffieux C, Lurati M, Bontems O, Monod M. Onychomycosis insensitive 
to systemic terbinafine and azole treatments reveals non dermatophyte moulds as infectious 
agents. Dermatol. 2010;220:164–8.

	25.	Badali H, Fakhim H, Zarei F, Nabili M, Vaezi A, Poorzad N, Dolatabadi S, Mirhendi H. In 
vitro activities of five antifungal drugs against opportunistic agents of Aspergillus nigri com-
plex. Mycopathologia. 2015; doi:10.1007/s11046-015-9968-0.

	26.	Krishna G, Ma L, Martinho M, Prasad P, Wahl J, Tavakkol A. Determination of posaconazole 
levels in toenails of adults with onychomycosis following oral treatment with four regimens of 
posaconazole for 12 or 24 weeks. Antimicrob Agents Chemother. 2011;55:4424–6.

	27.	Al-Hatmi AMS, Bonifaz A, Calderón L, Curfs-Breuker I, Meis JF, van Diepeningen 
AD. Proximal subungual onychomycosis caused by Fusarium falciforme successfully cured 
with posaconazole. Br J Dermatol. 2015;173:253–5.

	28.	Guillon R, Pagniez F, Picot C, Hédou D, Tonnerre A, Chosson E, Duflos M, Besson T, Logé C, 
Le Pape P. Discovery of a novel broad-spectrum antifungal agent derived from albaconazole. 
ACS Med Chem Lett. 2013;4:288–92.

	29.	Geria AN, Scheinfeld NS. Pramiconazole, a triazole compound for the treatment of fungal 
infections. J Drugs Dermatol. 2008;11:661–70.

	30.	Donders G, Ausma J, Wouters L, Cauwenbergh G, Borgers M, Janssens D. Efficacy of a single 
oral dose of 200 mg pramiconazole in vulvovaginal yeast infections: an exploratory phase IIa 
trial. Acta Derm Venereol. 2008;88:462–6.

	31.	Gupta AK, Richardson M, Paquet M. Systematic review of oral treatments for seborrheic der-
matitis. J Eur Acad Dermatol Venereol. 2014;28:16–26.

	32.	de Wit K, Paulussen C, Matheeussen A, van Rossem K, Cos P, Maes L. In vitro profiling of 
pramiconazole and in vivo evaluation in Microsporum canis dermatitis and Candida albicans 
vaginitis laboratory models. Antimicrob Agents Chemother. 2010;54:4927–9.

	33.	Ruíz-López P, Moreno-Coutiño G, Fernández-Martínez R, Espinoza-Hernández J, Rodríguez-
Zulueta P, Reyes-Terán G.  Evaluation of improvement of onychomycosis in HIV-infected 
patients after initiation of combined antiretroviral therapy without antifungal treatment. 
Mycoses. 2015;58:516–21.

	34.	Meyerson MS, Scher RK, Hochman LG, Cohen JL, Pappert AS, Holwell JE.  Cutis. 
1993;51:205–7.

	35.	Tosti A, Elewski BE. Treatment of onychomycosis with efinaconazole 10 % topical solution 
and quality of life. J Clin Aesthet Dermatol. 2014;7:25–306.

	36.	LaSenna CE, Tosti A. Patient considerations in the management of toe onychomycosis: role of 
efinaconazole. Patient Prefer Adherence. 2015;5:887–91.

	37.	Glynn M, Jo W, Minowa K, Sanada H, Nejishima H, Matsuuchi H, Okamura H, Pillai R, 
Mutter L. Efinaconazole: developmental and reproductive toxicity potential of a novel antifun-
gal azole. Reprod Toxicol. 2015;52:18–25.

	38.	Rodriguez DA. Efinaconazole topical solution, 10 %, for the treatment of mild and moderate 
toenail onychomycosis. J Clin Aesthet Dermatol. 2015;8:24–9.

	39.	Lipner SR, Scher RK. Efinaconazole in the treatment of onychomycosis. Infect Drug Resist. 
2015;8:163–72.

	40.	Gupta AK, Cernea M. How effective is efinaconazole in the management of onychomycosis? 
Expert Opin Pharmacother. 2016;17:611–8.

	41.	Hirohata A, Hanafusa T, Mabuchi-Kiyohara E, Ikegami R. Contact dermatitis caused by efina-
conazole solution for treatment of onychomycosis. Contact Dermatitis. 2015;73:182–93.

	42.	Elewski BE, Tosti A.  Tavaborole for the treatment of onychomycosis. Expert Opin 
Pharmacother. 2014;15:1439–48. Elewski BE, Aly R, Baldwin SL, González-Soto RF, Rich P, 
Weisfeld M, Wiltz H, Zane LT, Pollak R. Efficacy and safety of tavaborole topical solution, 
5 %, a novel boron-based antifungal agent, for the treatment of toenail onychomycosis: results 
from 2 randomized phase III studies. J Am Acad Dermatol. 2015;73:62–9.

	43.	Del Rosso JQ. The role of topical antifungal therapy for onychomycosis and the emergence of 
newer agents. JN Clin Aesthet Dermatol. 2014;7:10–8.

G. Moreno-Coutiño and R. Arenas

http://dx.doi.org/10.1007/s11046-015-9968-0


213

	44.	Jinna S, Finch J. Spotlight on tavaborole for the treatment of onychomycosis. Drug Des Devel 
Ther. 2015;9:6185–90.

	45.	Sharma N, Sharma D. An upcoming drug for onychomycosis: tavaborole. J Pharm Pharmacol. 
2015;6:236–9.

	46.	McAuley WJ, Jones SA, Traynor MJ, Guesné S, Murdan S, Brown MB. An investigation of 
how fungal infection influences drug penetration through onychomycosis patient’s nail plates. 
Eur J Pharm Biopharm. 2016. doi. http://dx.doi.org/10.1016/j.ejpb.2016.03.008.

	47.	Elewski BE, Tosti A. Risk factors and comorbidities for onychomycosis. Implications for treat-
ment with topical therapy. J Clin Aesthet Dermatol. 2015;8:38–42.

	48.	Ahmed SA, Kloezen W, Duncanson F, Zijlstra EE, de Hoog GS, Fahal AH, van de Sande 
WW.  Madurella mycetomatis is highly susceptible to ravuconazole. PLoS Negl Trop Dis. 
2014;e2942. doi: 10.1371/journal.pntd.0002942.eCollection 2014.

	49.	Maeda J, Nanjoh Y, Koga H, Toga T, Makimura K, Tsuboi R. In vitro fungal activity of lulicon-
azole against Trichophyton spp. Med Mycol J. 2016;57:J1–6.

	50.	Shimamura T, Hasegawa N, Kubota N. Antifungal activity of luliconazole nail solution on 
in vitro and in vivo onychomycosis model. Med Mycol J. 2016;57:J13–8.

	51.	Wiederhhold NP, Fothergill AW, McCarthy DI, Tavakkol A. Luliconazole demonstrates potent 
in  vitro activity against dermatophytes recovered from patients with onychomycosis. 
Antimicrob Agents Chemother. 2014;58:3553–5.

	52.	Khanna D, Bharti S. Luliconazole for the treatment of fungal infections: an evidence based 
review. Core Evid. 2014;9:113–24.

	53.	Machado Vila TV, Sousa Quintanilha N, Rozental S. Miltefosine is effective against Candida 
albicans and Fusarium oxysporum nail biofilms in vitro. J Med Microbiol. 2015;64:1436–49.

	54.	Xu Y, Miao X, Zhou B, Luo D. Combined oral terbinafine and long-pulsed 1,604-nm Nd: YAG 
laser treatment is more effective for onychomycosis than either treatment alone. Dermatol 
Surg. 2014;40:1201–7.

	55.	Sarifakioglu E, Seckin D, Demirbilek M, Can F. In vitro antifungal susceptibility patterns of 
dermatophyte strains causing tinea unguium. Clin Exp Dermatol. 2007;32:675–9.

22  New Topical and Systemic Antifungals

http://dx.doi.org/10.1016/j.ejpb.2016.03.008
http://dx.doi.org/10.1371/journal.pntd.0002942.eCollection 2014


215© Springer International Publishing Switzerland 2017 
A. Tosti et al. (eds.), Onychomycosis, DOI 10.1007/978-3-319-44853-4_23

Chapter 23
Myths in Treating Onychomycosis

Tracey C. Vlahovic and Cara L. Dawes

Multiple times per week in a physician’s practice, a practitioner will encounter a 
patient who asks questions regarding how onychomycosis developed in the nails 
and/or discusses a home remedy found on the internet that is supposed to clear ony-
chomycosis. Any nail specialist, whether dermatologist or podiatric physician, can 
name a litany of the possibly logical and illogical “cures” that are displayed with a 
simple internet search. When faced with a patient who has tried these home reme-
dies and has not seen the result they wanted, it is best not to judge or make light of 
what they have used, but instead give them the facts as to what is the possible source 
of the fungal infection and why common household remedies have or haven’t 
worked.

�Toenail Fungus Is Rare, So Only Those Who Don’t Take Care 
of Their Feet Develop Onychomycosis

Since dermatophytes are ubiquitous in the environment, mycotic nail disease is the 
most common nail pathology worldwide reaching all cultures and ethnicities. 
Onychomycosis is increasing, accounting for up to 90 % of toenail and at least 50 % 
of fingernail infections [1]. Onychomycosis occurs in 10 % of the general popula-
tion, 20 % of individuals 60 years and older, and 50 % of individuals over 70 years 
[2]. That said, it’s not just the patient being exposed to the dermatophyte in the 
environment, it’s also a combination of patient health and genetic predisposition to 
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create the perfect situation for fungus to take hold. Peripheral vascular disease, 
immunologic disorders, and diabetes mellitus correlate with increased prevalence in 
older adults. The risk of onychomycosis is 1.9–2.8 times higher in persons with 
diabetes mellitus, and in patients with HIV infection, prevalence rates range from 
15 to 40 % [2]. Other predisposing factors include older age, sex (male > female), 
genetic predisposition, tinea pedis (interdigital or moccasin types), peripheral arte-
rial disease, smoking, nail trauma, inappropriate nail hygiene, and family back-
ground of onychomycosis and hyperhidrosis [2].

Adult patients constitute the bulk of those seeking treatment, but there are 
increasing numbers of pediatric cases, possibly due to increasing childhood obesity 
and pediatric diabetes. With prevalence ranging from 0 to 2.6 % worldwide, pediat-
ric onychomycosis is relatively rare compared to adults, but still one of the most 
common nail disorders in children [3]. Ultimately, it is a multifactorial disease that 
is not solely caused by poor hygiene or poor choices of shoe gear.

�Home Remedies and Over-the-Counter Products in the Foot 
Care Aisle Are Surefire Cures

The practitioner is often faced with hearing the following “cures” for onychomyco-
sis on a daily basis: Listerine, Vicks VapoRub, oil of oregano, apple cider vinegar, 
bleach, and tea tree oil, to name a few. Patients are inundated with various remedies 
in the foot care aisle in their local pharmacy promising a clear nail in a small amount 
of time.

Apple cider vinegar (ACV) is touted as a cure all tonic for many different ail-
ments and has websites dedicated to its properties. It is generally inexpensive and 
easy to obtain. Patients are bombarded with faceless, picture-less “my toenails look 
better!” testimonials that claim the anonymous person’s nail disease was cured. 
What is in apple cider vinegar? Maleic acid, acetic acid, pectin, beta carotene, acet-
oin, methanol, alanine, ethanol, ethyl acetate, lactic acid, methanol, glycerol, and 
tartaric acid, in addition to mineral salts, phosphorus, potassium, chloride, sodium, 
and other minerals [4, 5]. It’s the maleic acid that purportedly has the properties of 
being both bactericidal and fungicidal. Some have theorized that acetate can inhibit 
lanosterol demethylase which means it would impact ergosterol production in a 
fungal cell; others have felt that acetic acid is permeable to the cell membrane and 
the presence of it is toxic to the cell [6, 7].

There have been no clinical trials showing that it creates a mycological or clinical 
cure for onychomycosis. The closest study to dissect ACV’s antifungal properties was 
in the Journal of Prosthodontics where the authors studied ACV for denture stomatitis 
which is usually caused by Candida albicans [4]. This study showed the MIC (mini-
mum inhibitory concentration) of ACV versus the common antifungal for Candida: 
nystatin, but more importantly, it showed the microbial death curve. The microbial 
death curve is a more dynamic measure, as it allows “quantitative analysis of the 
fungicidal activity and of the time required until microbial death” [4], ultimately 
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showing the behavior of antifungal agent in the presence of the organism. In this 
study, the kinetics of antifungal activity of ACV varied at all concentrations and time 
intervals from nystatin and control. All groups (ACV and nystatin) showed fungistatic 
activity when tested at MIC and MIC × 2, between 0 and 180 min. When tested at 
MIC × 4, ACV exhibited fungistatic activity only between 0 and 30 min; however 
after 30 min, it began to exhibit fungicidal activity. So, ultimately, for Candida albi-
cans, ACV concentration and time exposed to the organism will affect whether it acts 
as a funstistatic agent or fungicidal agent.

When translating this to clinical practice, there are no MIC data or microbial 
death curves on ACV’s effect on T. rubrum or T. mentagrophytes, the most common 
dermatophytes seen in toenail onychomycosis. Although it seems that ACV does 
exhibit antifungal behavior in vitro, we can’t make that direct connection in vivo to 
onychomycosis or determine the concentration/time exposed needed to have a fun-
gicidal effect. More studies are needed to determine what, if any, true effect can be 
had on fungal toenails. At this stage, it remains a folk remedy with widely varying 
results.

Another folk remedy that is both readily found on the Internet and recommended 
by physicians, Vicks VapoRub (Proctor and Gamble), an over-the-counter mentho-
lated ointment, has been described as a treatment for onychomycosis. Many physi-
cians feel there is a cost benefit of using an easily attainable product that has no side 
effects, but are unaware of the research on this product.

The components of Vicks VapoRub are thymol, menthol, camphor, and oil of 
Eucalyptus which seem to be broad-spectrum anti-infectives that have shown activ-
ity in vitro against Candida, Aspergillus, and some dermatophytes [8]. Some data 
has been generated about its use for toenail onychomycosis in vivo.

The first clinical trial completed using Vicks VapoRub on mycotic nails is a pilot 
study that was performed by a Family Medicine Group [8]. Eighteen subjects who 
had nail disease completed the 48-week study. There are some positive aspects of 
this study, but it did not follow all of the protocols that are normally done for topical 
antifungal studies. Unlike phase 3 clinical trials for toenail onychomycosis, this 
study did not exclusively enroll patients who cultured dermatophytes like T. rubrum 
or T. mentagrophytes and did not limit the percent of affected nail to 50 or 60 %. 
Instead, they allowed patients who cultured organisms like “fungal elements,” 
Cryptococcus, Candida, Penicillium, and Fusarium and allowed up to 100 % of the 
nail affected visually. Of the 18 patients, only nine subjects cultured either T. rubrum 
or T. mentagrophytes.

Their results were the following: five of the 18 (27.8 %) had a mycological and 
clinical cure, and ten (55.6 %) had “partial clearance.” But let’s dissect this further; 
if we were to look at the nine subjects who cultured the most common dermato-
phytes causing onychomycosis, those who had T. rubrum fared the worst: five had 
partial clearance (at times only a 10 % change in the nail appearing clearer at week 
48) and one had no change at all. T. mentagrophytes infected toenails did the best 
with all three subjects going onto a complete cure, but a complete cure was not 
defined as 0 % surface area affected—these patients still had 5 % or more of the nail 
visually affected at 48 weeks. Of the other organisms involved, both subjects who 
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had Candida parapsilosis went onto a complete cure, but Penicillium species and 
Candida albicans (one subject each) had no change.

Ten of the 18 subjects had greater than 60 % nail affected at the beginning of the 
study—with some having 89 % or 100 % affected nails. This is highly unusual for 
a toenail clinical trial and certainly can be argued that a 48-week treatment period 
isn’t long enough to manage a nail that is totally dystrophic. Adding a modality such 
as nail debridement could be synergistic for a topical study that enrolls nails as 
involved as these.

While this study is a positive start in supporting or shattering the use of a men-
tholated ointment for mycotic nails, it does not convince one to recommend it to 
patients in the office. A study that controls percent nail involvement, nail thickness, 
nail debridement, organisms cultured, and product use (some patients used it daily; 
some only three to five times per week) while having a vehicle arm and a larger 
sample size would create a more convincing evidence-based protocol. Time will 
tell if this ointment truly can eradicate fungus, or by virtue of its ointment proper-
ties, simply create a more hydrated nail unit which gives the appearance of a health-
ier nail.

Another readily available over-the-counter product, tea tree oil (TTO) is an 
essential oil derived from the leaves of Melaleuca alternifolia that has been 
described as anti-inflammatory, antibacterial, and antifungal [9]. However, it also 
has potential to cause skin irritation and allergic contact dermatitis [9].

When creating a topical antifungal product, one must consider the size of the 
particle being engineered to go through the pores of the nail plate, as well as lipo-
philic and hydrophilic properties of the molecule. In one study, TTO was placed in 
either a nanoemulsion or nanocapsule formulation that, in theory, could better pen-
etrate the nail unit. This controlled in vitro study combined a culture of T. rubrum, 
nail powder (from healthy nails), and either formulation of the TTO. Given that nail 
hydration improves the penetration through the nail plate of poorly water soluble 
drugs, an aqueous solution would hydrate the nail keratin and possibly cause the 
pores to increase in size [10, 11]. Ultimately, the nanocapsule TTO had the most 
antifungal activity, possibly due to its being an aqueous suspension with a small 
particle size.

The previous study was completed in a lab and did not use human subjects. In a 
double-blind, randomized, controlled study comparing topical use of clotrimazole 
1 % solution and TTO 100 %, subjects used either product twice daily for 6 months 
[12]. One hundred sixteen distal subungual onychomycosis patients who either 
tested culture positive for T. rubrum or T. mentagrophytes were enrolled. After 6 
months, results were expressed as “culture cure” (clotrimazole = 10  %, TTO = 
18 %), and clinical assessment (partial or complete cure) was clotrimazole 61 % and 
TTO 60 %. Adverse events which included erythema and irritation occurred more in 
the TTO group than the clotrimazole group. Compared to phase 3 clinical trials for 
onychomycosis, this is a short study that used clotrimazole as a “control.” 
Clotrimazole solution is not an FDA-approved topical for onychomycosis and has 
been shown to be mildly beneficial in limited studies on nails. A more convincing 
protocol design would have been to incorporate a vehicle arm compared with the 
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TTO solution for 48 weeks. Again, these are interesting and mildly positive results, 
but not enough evidence to create a paradigm shift in a practice.

Remaining products that a patient would find in the pharmacy foot care aisle or 
in their physician’s office include topicals that take their FDA approval for derma-
tophyte infections to the limit. Many of them show a fungally infected nail on the 
package, but if one reads the fine print, it will be shown that the product is indicated 
for the “skin around the nail” and are FDA approved for “fungal infections” or 
“tinea pedis.” None of the products are FDA approved for the treatment of mycotic 
toenails. These include formulations containing undecylenic acid, clotrimazole, tol-
naftate, and various antiseptics like polyhexamethylene biguanide (PHMB). In con-
clusion, even though the price may be reasonable and the packaging convincing, 
buyers should be aware that all of these products are based on creative wordsmith-
ing, visual graphic packaging, and small data sets.

�Removing a Toenail Will Kill the Fungal Infection

For a singularly painful or thickened nail, some patients may opt for total nail 
removal of the nail plate. Simple total avulsion of the nail itself is not curative for a 
mycotic nail; as the procedure has not addressed the basis of infection. Combining 
nail avulsion and topical antifungals has been described as the preferred treatment 
plan. Total nail avulsion with the use of a topical azole cream applied twice daily to 
the exposed nail bed resulted in a high dropout rate. All patients with total dystro-
phic onychomycosis failed, and only 56 % patients (15/27) were cured with this 
approach [13], suggesting that the procedure should not be generally recommended 
for the treatment of onychomycosis.

�Toenail Fungus Will Go Away on Its Own

While patients seek treatment due to the cosmetic appearance of their nail, it is 
important the practitioner educate the patient that this is an infection. This is a medi-
cal condition that is a dermatophyte invasion of the nail bed which subsequently 
causes changes in both the nail bed and nail plate. Mycotic toenails are a reservoir 
for dermatophytes; which is why the dry skin that doesn’t respond to moisturizers 
that patients complain about is not truly xerosis. It is tinea pedis, most likely caused 
by the same dermatophyte invading the nail. And vice versa, tinea pedis in the inter-
digital or plantar areas of the foot also acts as a reservoir for the nail [14]. Treating 
one of the two conditions will only lead to frustration and a suboptimal result. The 
skin and nail should both be treated to achieve the goals of antifungal therapy 
(mycological cure and visual improvement).

Within the nail itself, the infection has the potential to start distally at the hypo-
nychium and stay in that area for months or years, or ultimately progress proximally, 
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creating a more visually involved nail. Also, surrounding nails may become infected 
over time. While this slow (or in some cases medium-paced) progression hasn’t been 
documented in a neat and predictable timeline, it has certainly been observed by 
patients and practitioners alike. That said, mycotic toenails will not resolve on their 
own without intervention. This is not a self-limiting condition.

�Oral Antifungals Will “Wreck” My Liver

A common misconception among general practitioners, some specialists, and 
patients is the oral antifungals are designed to cause liver disease almost immedi-
ately upon ingestion and should categorically be avoided. These agents, oral terbin-
afine, itraconazole, and fluconazole, have been the subject of many studies to 
determine safety and efficacy. Of these, terbinafine and itraconazole are FDA 
approved for the treatment of toenail onychomycosis. Prior to placing a patient on 
one of these medications, it is imperative to determine the nail disease is truly a 
fungal infection and not one of the many differential diagnoses. Second, a thorough 
history and physical with pertinent blood work should be done before the first dose 
is taken. As with any medication, patient selection is key. Finally, the safety of these 
medications was elegantly dissected in a meta-analysis that involved 122 studies 
that enrolled 20,000 patients. The pooled risks of treatment discontinuation result 
from adverse reactions for continuous therapy of terbinafine (250 mg/day, 3.44 %), 
itraconazole (100 mg/day, 4.21 %), pulsed terbinafine (2.09 %), pulsed itraconazole 
(2.58 %), and intermittent fluconazole (150 mg/week, 1.98 %) [15]. The risk of liver 
injury requiring termination of the medication ranged from 0.11 % (continuous itra-
conazole) to 1.22 % (continuous fluconazole). The risk of liver function values ele-
vating asymptomatically and not requiring treatment or discontinuation of therapy 
was less than 2  % for all regimens evaluated. Therefore, in an immucompetent 
population, the risk of adverse events when taking these oral antifungal medications 
is low. Of course, oral antifungal medications aren’t for every patient, but the sus-
taining myth that liver damage is imminent in a healthy population should be reex-
amined by those who have been perpetuating that belief for years.

�Toenail Fungus Can’t Be Cured: Topicals and Orals 
Don’t Work

“Cure” is a challenging word, as it denotes absolute finality. Treating mycotic nails 
is not like treating a superficial skin infection with an antibiotic. As anyone who has 
treated or developed mycotic toenails understands, it has the potential to recur for 
various reasons. One must be diligent about not only in managing this clinical entity 
pharmacologically but also managing the environment (socks, shoes, shared shower 
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spaces) and educating the patient that their predisposition (genetic or medical con-
dition) may cause them to revisit this diagnosis in the future [16]. Concomitant tinea 
pedis should be treated along with the nail. Patients should be educated on the first 
signs of either nail disease or skin involvement to seek treatment.

It has been well documented the effectiveness of both the oral and topical anti-
fungal medications in the treatment of this infection (Chapters 19, 20). Again, these 
agents will assist the nails to achieve a mycological and visual cure, but the environ-
ment must be considered and managed in order to obtain a longer state of clear nail 
(and skin).

Patient expectations must be managed. Often, the nails have been mycotic for 
years which can cause permanent nail changes. Once a mycological cure has been 
achieved, the nails may always have some degree of dystrophy which visually will 
appear disappointing. Also, if the nails are affected by patient biomechanics (i.e., a 
hammertoe on a lesser digit), the nails may always appear onychauxic due to the 
chronic repetitive trauma those nails are subject to. Patient education is key that 
nails are subject to the environment and forces around them and are in flux.
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