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Microwave therapy for cutaneous
human papilloma virus infection

Background: Human papilloma virus (HPV) infects keratinocytes of the
skin and mucous membranes, and is associated with the induction of
cutaneous warts and malignancy. Warts can induce significant morbi-
dity and disability but most therapies, including cryotherapy, laser, and
radiofrequency devices show low efficacy and induce discomfort through
tissue destruction. Microwaves are readily capable of passing through
highly keratinised skin to deliver energy and induce heating of the tissue
in a highly controllable, uniform manner. Objectives: To determine the
effects of microwave on cutaneous HPV infection. Materials & meth-
ods: We undertook a pilot study of microwave therapy to the skin in 32
consecutive individuals with 52 recalcitrant long-lived viral cutaneous
warts. Additionally, we undertook a molecular characterisation of the
effects of microwaves on the skin. Results: Tissue inflammation was
minimal, but 75.9% of lesions cleared which compares favourably with
previous studies showing a clearance rate of 23-33% for cryotherapy or
salicylic acid. We show that microwaves specifically induce dendritic
cell cross-presentation of HPV antigen to CD8+ T cells and suggest that
IL-6 may be important for DC IRF1 and IRF4 modulation to enhance
this process. Conclusion: Keratinocyte-skin dendritic cell cross-talk is
integral to host defence against HPV infections, and this pilot study sup-
ports the concept of microwave induction of anti-HPV immunity which
offers a promising approach for treatment of HPV-induced viral warts
and potentially HPV-related cancers.
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C utaneous HPV infection is common and warts are
thought to affect most people at some time dur-
ing their lives. Point prevalence estimates range

from 0.8% to 4.7% of the population and two million peo-
ple seek medical advice about warts each year in the UK
[1], yet treatment options are poor and a meta-analysis has
shown no significant benefit over placebo [2]. Although
skin is most frequently infected by “non-oncogenic” HPV,
most HPV-associated skin squamous cell carcinomas are
diagnosed in persistent and recalcitrant verrucae and the
majority contain HPV16 [3].
HPV infects the basal epithelial cells of cutaneous and
mucosal keratinised epithelia and infection is mainly
controlled by T cell-mediated immunity [4]. HPV-specific
CD8+ lymphocytes are critical for clearance of HPV viral
warts [4] and individuals treated with immunosuppression
to prevent organ graft rejection do not clear HPV infections.
In healthy individuals, induction of HPV-specific CD8+
T cells with topical imiquimod (TLR7 agonist) has been
shown to facilitate wart clearance [5, 6]. However, tissue
penetration is a limiting factor for the therapeutic potential
of imiquimod on most non-mucosal sites.
Other modalities of thermal ablation have previously been
investigated for the treatment of warts [7-10]. Direct heat
ablation is now rarely used because of scarring and subse-

quent morbidity. The most widely used physical modality
is liquid nitrogen application (cryotherapy) to the skin
[11]. This causes tissue destruction and in a recent meta-
analysis of randomised controlled trials, this therapy has
been shown to have low efficacy in the management of
common warts (with a mean clearance on all sites of 49%)
[12]. Microwaves (30 MHz to 30 GHz) exist in the elec-
tromagnetic spectrum between radiofrequency and visible
light and have been widely used as a means for deliver-
ing heat energy to induce thermal ablation in the treatment
of cancer, especially for inoperable liver tumours [13], but
have not been previously applied to skin. Recent techno-
logical advances have enabled development of a hand-held
device to deliver targeted application of microwave
therapy to skin. We set out to test the potential of this
new modality as a treatment for warts in a Phase 1, open-
label, uncontrolled clinical study. It was observed in the
first few cases that the warts shrank and resolved without
obvious necrosis, tissue damage, or inflammation. Hence,
we hypothesised that somehow anti-HPV immunity was
being activated. We therefore undertook morphological and
histological analysis of microwave-treated human skin and
investigated for evidence of enhanced anti-HPV immunity.
We demonstrated that, even at low energy levels, microwave
therapy potentiates cutaneous immunity to HPV.
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TREATING VERRUCAE EFFECTIVELY 

WITH MICROWAVE ENERGY

ARE WE GETTING WARMER?

‘Those who cannot be cured by medicine can be cured by surgery. Those 
who cannot be cured by surgery can be cured by heat. Those who cannot be 
cured by heat are to be considered incurable’

Hippocrates

J U N E  2 0 17  /  P O D I AT R Y  N O W

  [ 21 ]

The treatment of cutaneous warts 

has not signiicantly changed in 

decades. In 2000, Dyall-Smith 
1 remarked how little verruca 

treatments had changed since 

the ifties and this still holds 

true today, perhaps with the 

additions of some newer topical 

antiviral drugs 2 and photodynamic 

therapies 3. Over the years, 

podiatric training for the treatment 

of warts is still largely based 

on chemical means including 

salicylic acid, monochloracetic 

acid, trichloracetic acid and liquid 

nitrogen as cryotherapy.

Looking at the evidence for these 

modalities, years on, it does not make 

for particularly good reading. The latest 

guidelines published by the British 

Association of Dermatologists [4] in 

2014 continue to review the common 

remedies such as salicylic acid and 

liquid nitrogen closely. Although success 

is reported as being ‘modest’, in most 

cases it offers a disappointing outlook 

for sufferers. Particularly notable is 

the lower response rates from plantar 

warts. Salicylic acid treatment has better 

outcomes than placebo, and response 

rates for both cryotherapy and salicylic 

acid are just over 30%. Moreover, the 

science explaining how they may work 

is lacking. 

Cryotherapy, like chemical therapies, 

is something that has been taught 

for many years in podiatry as an 

established treatment for plantar 

warts. The latest review by Sterling [4] 

suggests how its effects are, at best, 

limited. Moreover, the likelihood of 

prolonged pain and blistering is always 

a possibility particularly when longer 

freeze times have been applied. It is this 

unpredictability that perhaps has resulted 

in its decline in podiatric practice. 

Cryotherapy, like the rest, is a reasonable 

treatment for warts but unfortunately 

not on the sole of the foot. Keratin is 

an excellent insulator, reducing the 

penetration of the cold temperatures and 

thereby protecting the underlying skin 

and virus from frost damage.

In 2015, the authors undertook a 

study using microwave as a treatment 

for plantar warts. This was an emerging 

technology that had been developed 

over several years. The use of this 

device switched from the cold treatment 

of liquid nitrogen to that of localised 
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tissue heating utilising dielectric energy. 

Microwaves when applied to human tissue 

have the ability to agitate water molecules. 

As a polar molecule, water attempts to 

align with the electrical field, but because 

the oscillating frequency is in constant 

movement the water molecule is unable 

to rest. This effect causes the molecule 

to rotate rapidly and generate heat at a 

molecular level within the tissues.

The work from this clinical study of the 

device, conducted through the University 

of Southampton, demonstrated that 

this technique is capable of eradicating 

stubborn warts and it has now been 

adopted more widely into clinical practice. 

Logically, the next question to explore is 

how microwaves work against this viral 

infection of the epidermis.

Microwaves travel easily through 

tissues, unlike heat energy from an 

infra-red source, such as a cautery 

device, where heat is transmitted by 

conductance. In contrast to a carbon 

dioxide laser, for example, energy levels 

delivered by the Swift microwave device 

(Emblation Medical Limited, Alloa) are low 

and not designed to be ablative in nature 

so there is no tissue vaporisation, 

hence no smoke, steam or burn. 

Treating verrucae effectively 
with microwave energy  
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Abstract 
Plantar warts, caused by the human papilloma virus (HPV), are a commonly encountered 
condition presenting in clinic. In adults, an array of various therapies exists, frequently with 
modest results particularly with plantar lesions. Microwaves have had limited uses for medi-
cal purposes. Recently a new portable microwave device has been approved for the treat-
ment of skin lesions. Prior research has demonstrated immuno-stimulatory effects against 
HPV infection. We report the application of a novel portable medical microwave unit to treat 
a long-standing plantar wart which had failed to respond to other treatment modalities. 
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Introduction 

Cutaneous warts are a common clinical problem estimated to affect between 7 and 12% 
of the population [1]. For many younger patients, natural resolution is a common feature, 
but in adults they often remain stubborn and refractory to treatment. As highlighted in re-
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Local Hyperthermia at 44°C 
for the Treatment of 

Plantar Warts
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