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Fungal foot infection: 
the hidden enemy?
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When discussing tissue viability in the lower limb, much attention is focused on the role of bacterial 
infection. However, fungal skin infection is a more frequent and more recurrent pathogen which often goes 
undetected by the practitioner and patient alike. Potentially, untreated fungal foot infection can facilitate 
secondary problems such as superficial bacterial infections, or, more seriously, lower limb cellulitis. Often 
simple measures can prevent fungal foot infection and therefore reduce the possibility of complications. This 
article will review the presentation of tinea pedis and onychomycosis, their effects and management.

Tinea pedis (athlete’s foot) is an 
inflammatory condition and 
represents the most common of 

all the superficial fungal skin infections 
(Hay, 1993). Predominantly, it is 
caused by a group of fungi specifically 
adapted to living on the skin known as 
dermatophytes. Although there are a 
few other causative species (Table 1), 
by far the most common isolate from 
the foot is Trichophyton rubrum, a highly 
specialised dermatophyte which has 
adapted to residing within the human 
epidermis (Weitzman and Summerbell, 
1995). The infection is propagated 
from person to person when fungal 
arthroconidia on shed skin squames 
adhere to the soles of others by way of 
adherent fibrils (Kaufman et al, 2007). 

increased risk of acquiring the infection. 
Patients with diabetes show an increased 
susceptibility (Yosipovitch et al, 1998). 
Boyko et al (2006) have identified the 
presence of tinea to be a predictor of 
foot ulceration in a diabetic population. 
The reason for an increased prevalence 
in patients with diabetes remains under-
researched. It has been proposed that 
peripheral neuropathy renders the foot 
insensate reducing individual awareness 
to the presence of infection. Eckhard et 
al (2007) discovered a high prevalence 
in patients with type 2 diabetes who 
exhibited a lack of sweating when tested 
with the Neuropad® (Ark Therapeutics), 
which indicates sudomotor activity. They 
postulated that the absence of sweat 
production altered skin barrier function. In 
vitro, it has been demonstrated that sweat 
secretions contain acidified nitrite which 
has fungicidal activities (Weller et al, 2001). 

Therefore, it could be suggested that 
a lack of production may render the 
individual more susceptible to invasion. 
The interaction between dermatophytes 
and the immune system has been studied 
and it has been demonstrated that T 
rubrum has the ability to inhibit the normal 
phagocytic process (Campos et al, 2006). 
Moreover, in patients with diabetes, 
hyperglycaemia itself has been shown to 
decrease phagocytic activity further, thus 
compounding the problem (Weekers et 
al, 2003).
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Under occlusive and humid conditions 
the fungal hyphae then develop and 
invade the deeper stratum corneum. 
Nutrition is afforded by the extra-cellular 
secretion of proteolytic and keratolytic 
enzymes breaking down the complex 
keratin into simple molecules which can 
be absorbed by the organism (Kaufman 
et al, 2007). 

Epidemiology of fungal foot infection
Fungal foot infection (FFI) is the most 
common infection found on the foot. 
Seldom seen before puberty, the 
prevalence rises with age, peaking in the 
60-year plus age group with around 50% 
showing evidence of FFI (Pierard, 2001). 
The disease affects males three times 
more frequently than females (Gupta et 
al, 1998). The Achilles project (Roseeuw, 
1999) reviewed over 96,000 patients 
for the presence of foot disease across 
20 European countries and found 35% 
of subjects to have fungal foot infection 
(tinea pedis, onychomycosis or both). In 
addition it has been shown that countries 
with longer winters demonstrated higher 
infection rates, presumably because of the 
longer time more occlusive footwear was 
being worn (Djeridane et al, 2006).

Studies focusing on cancer patients, 
smokers and those with peripheral 
vascular disease (PVD) (Virgili et al, 1999; 
Gupta et al, 2000; Sigurgeirsson and 
Steingrimsson, 2004) have all reported an 
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Recognition and diagnosis
Classically, tinea pedis is reported as an 
acute, itchy infection accompanied by 
vesiculation and erythema or as inter-
digital fissuring and maceration. In practice, 
clinical recognition of the disease can be 
more difficult due to its subtle appearance. 
In particular, T rubrum, the most common 
cause of foot infection, may produce few 
symptoms other than dry plantar skin from 
which itching is frequently absent (Bristow, 
2004; Mayser et al, 2004). Clinically, the 
infection may resemble dry skin, the 
only clue being a dry, chalky appearance 
exaggerated in the skin creases on the 
sole of the foot (Figure 1); a place typically 
overlooked when seeking an infection. As 
there are frequently no symptoms, patients 
and practitioners alike are unaware of the 
presence of the infection (Maruyama et al, 
2003). The plantar surface is a frequently 
overlooked area and it has been suggested 
that this part of the foot, in particular, 
acts as a fungal reservoir from which the 
infection can spread (Szepietowski et 
al, 2006). Consequently, it is important 
to assess other areas of skin for a co-
existing fungal infection. Concomitant 
dermatophyte infections are particularly 
common on the hands (tinea mannum), 
groin (tinea cruris) and fingernails 
(Szepietowski et al, 2006).

 When the disease is established on 
the foot, the infection may also spread 
to the toenails causing onychomycosis. 
Typically, dermatophytes spread under 
the nail free edge (or hyponychium) 
onto the nail bed — this is termed ‘distal 
sub-ungual invasion’ (Figure 2a) and may 
gradually spread proximally towards the 
nail producing cells, the nail matrix. Other 
common variants are white superficial 
onychomycosis (Figure 2b), typically caused 
by T interdigitale, and total nail dystrophy 
(Figure 2c), which occurs when the 
infection advances to affect the whole 
of the nail. As approximately 50% of nail 
dystrophies are due to other causes, it 
is important to consider the typical nail 
changes which may raise suspicion of 
onychomycosis (Table 2). As nail infection 
is virtually always a secondary event to 
skin infection, any patient with toenail 
onychomycosis should have their feet 
examined for evidence of the primary 
source, usually the plantar surface (Daniel 
and Jelinek, 2006).

 
For most patients, fungal skin infection 

can be diagnosed on clinical grounds 
alone. However, if systemic antifungal 
therapy is being considered, to minimise 
the risks of potential, although rare, side-
effects, microbiological confirmation is 
advised (Bell-Syer et al, 2002). Diagnosis 
can be confirmed by way of a nail 
clipping or skin scraping from the affected 
foot. Disappointing laboratory results 
often come back as negative despite 
overwhelming clinical evidence of 
infection. A successful sample requires the 
practitioner to collect viable fungus within 
the skin/nail sample. Strategies which may 
help to do this are listed below:
8	When taking a nail clipping, if available 

include skin scrapings from the affected 
foot as well

8	Include sufficient material for the 
laboratory to work with

8	When taking a nail clipping, try and 
obtain material from the proximal 
edge of the infected nail as this is 
where most of the viable fungus is 
likely to be. Evidence from a study of 
194 patients demonstrated that the 
more proximal the sample collection, 
the greater the chances of acquiring a 
positive culture (Shemer et al, 2007). 
Inclusion of sub-ungual nail debris from 
this area can also be helpful

8	Vertically drilling a hole in the nail and 
collecting sub-ungual material from 
the proximal infected edge has been 
shown to be particularly effective at 
yielding more viable fungi for culture 
testing (Shemer et al, 2009)

8	As an adjunct or alternative, skin 
and nail samples may be tested for 
the presence of dermatophytes 
using the periodic acid schiff (PAS) 
stain. A number of studies have 
confirmed the high sensitivity of this 
test over more traditional methods 
such as potassium hydroxide (KOH) 
preparations (Karimzadegan-Nia et 
al, 2007; Lawry et al, 2000; Weinberg 
et al, 2005). However, the PAS stain is 
a more costly technique (at roughly 
double the price of a standard KOH 
test). One study has evaluated the 
cost-effectiveness of the PAS stain 
and, despite its high sensitivity, it was 
not shown to be more cost-effective 
(Lilly et al, 2006). However, it has 
been suggested that this test may 
be useful when other methods have 

Figure 1. Tinea pedis — as a subtle plantar 
infection recognised as the dry, dusty appearance.

Figure 2a. Distal sub-ungual onychomycosis 
secondary to tinea pedis. Note the signs of skin 
infection surrounding the nail.

Figure 2b: White superficial onychomycosis. 

Figure 2c: Total nail dystrophy.

given negative results but clinical 
suspicion of fungal infection is still 
high (Weinberg et al, 2005).
 

Complications of the untreated disease
For most patients recurrent or chronic 
FFI is more of an inconvenience than 
a problem. Rarely is treatment sought, 
particularly as there are few symptoms 
for the sufferer and hence this may 
explain the high prevalence of the disease. 
Onychomycosis occurs in a subset of 
patients and may lead to thickening and 
discolouration of the toe nails. Not only 
does this lead to embarrassment for the 
patient (Turner and Testa, 2000), but for 
older patients it may mean that basic 
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foot care is difficult. As a result, nails may 
become long and unmanageable causing 
injury to the adjacent digits.

Although seemingly innocuous, tinea 
pedis can potentially compromise tissue 
viability and render the skin susceptible to 
fissuring, thereby creating a portal of entry 
for bacterial agents such as Streptococci, 
Staphylococci and Pseudomonas. Localised 
interdigital infections are common and 
clinically should be suspected when a 
damp web space is encountered with 
fissuring, maceration and malodour. 

Cellulitis is a more serious 
consequence of untreated fungal foot 
infection. Although treatable, it can be a 
limb-threatening disease for patients with 
comorbidities. Individuals with diabetes 
have an increased risk of developing 
this complication (Jegou et al, 2002). 
The frequent outcome for this group is 
hospitalisation and an increased length of 
stay when compared to their non-diabetic 
counterparts (Musette et al, 2004). 
Moreover, bacterial infection is a frequent 
precursor to lower limb amputation in this 
population (Lavery et al, 2006). 

The link between cellulitis and fungal 
infection was suggested in 1937 by Traub 
and Tolmach (Traub and Tolmach, 1937), 
although only in the last decade has work 
been undertaken to establish the causality. 
In 1999, Dupuy et al published a study 
which identified possible risk factors for 
the development of lower limb cellulitis 
(Dupuy et al, 1999). In 167 cases they 
identified that the presence of a portal 
of entry carried the greatest risk (odds 
ratio 23.8), which is not unexpected. 
However, in this work they highlighted 
that the presence of a macerated toe 
web space (intertrigo) may account for as 
many as 60% of the cases of leg cellulitis. 
Roujeau et al (2004) undertook a further 
case-control study of 243 cases to more 
closely evaluate the role of fungal foot 
infection in patients with cellulitis. The 
subsequent results suggested that fungal 
foot infection was a significant risk factor 
for the development of cellulitis (odds 
ratio 2.4), with an increasing risk if more 
than one area of the foot was infected 
— toenails, interdigitally or on the sole of 
the foot. A subsequent review (Bristow 
and Spruce, 2009) presented evidence 

that fungal foot infection is a predictor for 
the development of lower limb cellulitis. 
From the available evidence, the authors 
note that it was not possible to establish 
if patients with diabetes were more at 
risk of this complication, as many diabetic 
subjects may have been excluded from 
these studies.

 
Management
Tinea pedis
For most FFI, simple measures are the 
most effective at treating the disease. For 
established skin infection, there are a range 
of topical medicaments available based on 
effective pharmacological agents. For skin 
infection there are three main groups of 
topical agents available in the UK:
8	Allylamines — terbinafine
8	Imidazoles — clotrimazole, 

ketoconazole, sulconazole, miconazole
8	Morpholine derivatives — amorolfine.

 
Topical therapy using imidazoles 

(such as clotrimazole, miconazole) or 
allylamines (such as terbinafine) have 
been demonstrated to be more effective 
than placebo in a systematic review of 
therapy for fungal skin infection of the foot 
(Crawford and Hollis, 1999). All have been 
shown to be effective, but their speed of 
action may vary. Terbinafine and amorolfine 
based preparations have a fungicidal 
action and so tend to work more 
rapidly when compared to the imidazole 
based drugs such as clotrimazole and 
miconazole, which are fungistatic at their 
respective concentrations. However, when 
considering costs, the latter are a much 

cheaper alternative but must be applied 
for a longer time raising the possibility of 
reduced compliance. Terbinafine is a well-
established, effective drug available topically 
for tinea pedis in various forms (Patel et 
al, 1999; Hollmen et al, 2002), but recently 
a new single application formulation (film-
forming solution) has been released. An 
early randomised, double blind, multicentre 
study of 271 patients has shown this to be 
effective with similar relapse rates to other 
formulations of the drug (Ortonne et al, 
2006).

Patients using topical agents should 
be given basic advice on preventing 

			  Table 1
Typical fungal isolates from toenails

Dermatophyes

Trichophyton rubrum Very common

Trichophyton mentagrophytes var. interdigitale Very common

Epidermophyton floccosum Less common

Yeasts

Candida sp. Uncommon

Non-dermatophyte molds

Scopularosis brevicaulis Rare

Fusarium sp. Rare

			  Table 2
Typical considerations suggesting onychomycosis 
in the toe nails 

Number of nails affected:

8	Two or more nails affected on the 	
		  same foot, particularly if only one  
		  foot affected

Pattern of the affected nails:

8	3rd and 5th involvement
8	1st and 5th affected simultaneously

Other factors:

8	History or close family history of tinea 	
		  pedis/onychomycosis
8	Discolouration of the nails
8	Thickening accompanied with friable, 	
		  crumbly nails 
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the spread of the disease to family 
members and be instructed to use the 
preparation for the suggested length of 
time. Anecdotally, many patients stop 
treatment as soon as the itching and 
redness subside before the infection is 
fully eradicated. Subsequently, relapse is a 
common feature. 

 
Onychomycosis
Fungal infection of the nails presents a 
greater challenge. Topical agents alone 
are only indicated when the lunula (half 
moon) of the affected nail is disease free 
(Baran and Kaoukhov, 2005). Available 
medicaments include tioconazole paint 
and amorolfine lacquer. Patients on topical 
agents alone should be advised that 
complete resolution may take up to 12 
months and there might be no immediate 
visible results (Crawford and Hollis,1999).

When the nail matrix is infected a 
systemic agent is required. Clinically, this 
is the case if the fungal infection can be 
seen spreading proximally into the lunula. 
If treatment is considered appropriate, 
in the UK the main oral agents are 
terbinafine and itraconazole. These have 
been shown in a systematic review to have 
mycological cure rates of around 75% in 
the treatment of toenail mycosis (Gupta et 
al, 2004). Combining a topical nail lacquer 
concurrently with an oral antifungal agent 
has been shown to be more effective than 
using an oral agent alone in eradicating the 
disease (Bristow and Baran, 2006). Mycotic 
toenails which are thickened may harbour 
large numbers of dermatophytes and 
reduce the chances of success, therefore 
reduction of the nails before treatment 
can improve the likelihood of success 
and should be considered at the start of 
therapy (Malay et al, 2009). The safety of 
these drugs in at-risk populations, such as 
those with diabetes, has been called into 
question, however, a systematic review has 
concluded outcomes for these patients 
are similar for those without the condition 
(Cribier and Bakshi, 2004). Despite 
successful elimination of fungus from the 
nails, patients undertaking treatments for 
toenail onychomycosis should be advised 
that successful eradication of fungus from 
the nail may not necessarily restore a 
toenail to a normal appearance, as it may 
have been damaged and dystrophic before 
the infection occurred. 

Recurrence of fungal foot infection
Despite effective drug therapies, relapse 
rates have been shown to be as high as 
87% (Sigurgeirsson et al, 2002). This may 
be due to incomplete eradication of 
existing fungal skin infection or reinfection 
following a successful cure. Patient 
education and involvement is paramount 
in preventing recurrence. Regular checking 
of the foot to examine for early signs 
of re-infection is key so that topical 
treatment can be instigated at an early 
stage. Avoidance of patient acquiring new 
infection can be undertaken following basic 
advice, for example, checking feet regularly, 
keeping nails short, keeping the feet 
dry, as well as avoiding walking barefoot 
in damp areas such as public sports 
facilities. Although formally untested, the 
prophylactic use of topical antifungal agents 
should be considered for those with 
recurrent fungal foot infection to maintain 
skin integrity, particularly in those with 
diabetes, poor peripheral circulation or a 
history of recurrent lower limb cellulitis. 

Re-infection may also occur from 
fomites residing in footwear and hosiery. 
Where possible, patients should be 
advised to discard old socks, as even with 
frequent washing viable fungi may still be 
evident. Disinfection of footwear presents 
more of a challenge and so old pairs of 
shoes should be discarded when a cure 
has been achieved to reduce the chances 
of reinfection (Gupta et al, 2002). Finally, 
fungal skin infection on other parts of the 
body, particularly the hands and groin, 
should be treated simultaneously if a 
successful cure is to be achieved.

Conclusion
Fungal foot infections, although seemingly 
innocuous, are a common problem 
particularly in the at-risk foot which can 
adversely affect tissue viability. A growing 
body of evidence appears to suggest fungal 
foot infection is a significant risk factor for 
the development of lower limb cellulitis. 
It is therefore suggested that patients and 
practitioners alike remain more vigilant 
in the recognition and management of 
the disease, particularly in those patients 
with compromised immune systems and 
poor tissue viability. Treatment with the 
appropriate therapy can be effective,  
along with advice to the patient to  
prevent recurrence.
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		  Key points

	8	 Fungal foot infection is the 
commonest of all fungal  
skin infections.

	8	 Around 35% of the adult 
population and 50% of 
patients over 60 years  
of age show evidence of  
the disease.

	8	 Many cases of the condition 
go unrecognised as clinical 
signs may be subtle, with  
a similar appearance to  
dry skin.

	8	 Fungal foot infection has been 
identified as a risk factor for 
the development of lower 
limb cellulitis.

	8	 Although therapy is usually 
effective, recurrence is 
common and so preventative 
measures along with patient 
education are an important 
part of treatment.
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