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Background: Verrucae plantaris is a viral disease caused by human papilloma virus that
is commonly seen in the office setting and is often challenging to treat owing to its high
recurrence rate and recalcitrant profile. Candida albicans intralesional injections have
been hypothesized to incite an immunogenic response toward the virus.

Methods: We report on the immunotherapeutic effect of intralesional injection of C
albicans into plantar verrucae with a retrospective medical record analysis of 80
patients. Using a luer-lock syringe, 0.1 to 0.3 mL of C albicans antigen was injected into
either the first known lesion or the largest lesion.

Results: The success rate of intralesional C albicans, defined as total clearance of the
lesion, was 65%, which may be underestimated because patients lost to follow-up were
included in the 35% failure rate. It was also found that female patients with a previous
tissue-destructive treatment process were more than four times more likely to respond to
C albicans therapy, whereas this effect was less pronounced in the male patient
population.

Conclusions: These results indicate that a series of intralesional injections of C
albicans is an effective and efficient method of treatment for verrucae plantaris. (J Am
Podiatr Med Assoc 105(5): 395-400, 2015)

Plantar warts (or verrucae plantaris) are likely to

develop in the 2- to 12-year-old age group and occur

in both sexes with equal frequency.1 Caused by

direct contact with individuals with infected lesions

or indirectly by contact with contaminated surfaces,

plantar warts are the result of human papillomavi-

rus (HPV) infecting the basal keratinocytes of the

epidermis.1

Because no single treatment technique and no

specific antiviral agents have been developed,

plantar warts are a therapeutic challenge for

clinicians and patients. Different modalities de-

scribed in the literature range from tissue keratol-

ysis (salicylic acid and dichloroacetic/trichloracetic

acid) to immunotherapy (bleomycin) to tissue

destruction (cryotherapy and surgical excision).2

Candida albicans as injection therapy for verruca

vulgaris and verruca plantaris was first described in

2001.1 Treatment with C albicans has been de-

scribed as an extremely effective technique in that it

takes two to four injections to achieve clearance.1-8

The key element of the treatment is the unique
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nature of the antigen. Candida albicans is classified
as a dimorphic fungus: at normal room tempera-

tures it takes on the form of yeast and reproduces
by budding, whereas in a physiologic environment it

may take on the form of hyphae or pseudohyphae.9

As a member of the normal human flora, it can be

present in the mouth, throat, intestines, or genito-
urinary tract and rarely has any effect on non-

immunocompromised humans.9 The fungus usually
can become harmful when an individual is immu-

nosuppressed, the normal body flora is disrupted
(usually by antibiotics or corticosteroids), or a

change in physiology occurs. At this point, C

albicans will change from its yeast form into a

mycelial fungal form and begin to invade the body.
The microorganism has been associated with

causing thrush, esophagitis, vaginal yeast infections,
and deep candidiasis (Candida sepsis).9

Use of the C albicans skin antigen for the

treatment of verrucae is effective in a healthy
individual owing to the body’s recognition of the

yeast as a harmful invader.1-8 Because the microor-
ganism causes a drastic immune response in most

healthy individuals, it is thought that the antigen can
be used to deceive the body into subsequently

killing the HPV strain as it attempts to rid the
overabundance of C albicans. This immunogenic

response is accompanied by proliferation of periph-
eral blood mononuclear cells that target the HPV,

suggesting that an HPV-directed cell-mediated
immune response is involved in wart destruction.5

Although the amount of clinical data regarding
the specific use of C albicans on plantar verrucae is

scarce, there have been numerous studies tracking
its effectiveness on more proximal anatomical

locations. One study compared the intralesional
skin test antigen injection of at least one nongenital

wart with that of cryotherapy.1 The patients were
first tested to see whether they possessed immunity

to mumps and C albicans by receiving bilateral
intradermal arm injections of commercial test

antigen preparations. Erythema and induration of
at least 5 mm in diameter was used as the guideline

of a positive immune response.1 Those who
presented with an immune response received

cryotherapy or an intralesional injection of either
mumps or C albicans, and nonresponders received

cryotherapy only. The volume of intralesional
injection of mumps or C albicans was determined

by the size of the test reaction: 0.3 mL was injected
with a test site induration of 5 to 20 mm, 0.2 mL was

injected with a test site induration of 21 to 40 mm,
and 0.1 mL was injected with a test site induration

of greater than 40 mm.1 Cryotherapy and immuno-

therapy were repeated every 3 weeks until complete
clearing of the targeted wart was attained or for a

maximum of three treatments.1 Therein, a protocol
for skin testing of the antigen was established.

Determining whether immunity testing was nec-

essary before treatment, Johnson et al2 reported
that ‘‘the body is capable of ridding HPV by

injection of the skin test antigen in approximately
4 treatments whether or not one skin tests.’’(p265)

Furthermore, they found it to be more cost-effective

and agreeable to the patients to skip the preliminary
skin tests.5 Not only were the tests unnecessary

regarding uncovering unsusceptible patients but
they also proved to be useless because anergic

patients are still capable of responding to intrale-
sional injections of the antigens.5

Although the exact mechanism of action of

intralesional injections of antigen has not been
properly determined, there have been a few

proposals. Kim et al10 believe that C albicans may
function by enhancing anti-HPV T-cell responses.
They found that the HPV-57 L1 peptide was most

commonly detected in patients whose verrucous
lesions went on to clear.10 Brunk11 felt that the

immunotherapeutic agent leads to proliferation of
HPV-specific mononuclear cells that mediated

immunologic attack against warty tissue.

Few studies have reported on the efficacy of
intralesional C albicans injections to date, although

preliminary data have supported the use of intrale-
sional C albicans injections.

Signore12 reviewed one of the largest studies to

date with 277 patients, treating each patient with
either Candida or an alternative therapy. Eighty-

seven of the patients were treated with Candida,

and they found that 44 (51%) exhibited complete

clearance and 35 (40%) exhibited partial clearance,
leaving eight (9%) to show no improvement.

Separately, 27 patients (31%) exhibited clearance
at a distant site.12

Phillips et al13 reviewed patients clinically and

also accounted for satisfaction with their outcomes
based on a survey. Of 149 adult patients, they found

that 107 (72%) achieved complete clearance without
any severe adverse effects with C albicans treat-
ment. Surveys showed that 76% of patients were

very happy, 10% were happy, 12% were unhappy,
and 2% were very unhappy with their results.13

Johnson et al1 revealed that 29 of 39 patients

(74%) had complete clearing of the targeted lesion
with the immunotherapy regimen. Fourteen of the

18 patients (78%) who demonstrated complete
resolution of their immunotherapy-treated wart also

showed resolution of untreated, remote warts.1 The
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study demonstrated that C albicans may, in fact,
serve as an effective treatment for targeted HPV-

induced warts as well as distant ‘‘untreated’’ warts
in some individuals.

Johnson et al2 published a single-blind, random-

ized, controlled experiment comparing immunother-
apy, immunotherapy plus intralesional interferon a-

2b, intralesional interferon a-2b alone, and normal
saline. They showed that patients who received an

individual antigen of either C albicans, mumps, or
Trichophyton had a significantly greater positive

response than the control group receiving a saline
injection.2 Those who received one of the antigens

(with or without interferon a-2b) showed a 56%
improvement compared with injection of saline or

interferon a-2b alone, which produced a 23%
improvement (P , .001).2 When the three anti-
gens—C albicans, mumps, and Trichophyton—

were compared, no statistically significant differ-
ences among the antigens were reported.2 Positive

results, defined as at least 5 mm of induration, were
shown in 59% of the patients receiving only C

albicans, 51% receiving mumps, and 62% receiving
only Trichophyton.2 Of the 57 patients who received

immunotherapy and showed complete resolution of
the wart treated, 21 patients, who had more than

one wart at the start of the study, experienced
complete resolution of all distant warts that were

not intralesionally injected.2 The researchers docu-
mented that as many as 62 warts on a single patient

(both treated and distant) were completely resolved
after intralesional injection of antigen.5

Clifton et al6 evaluated a pediatric population of

47 patients using either Candida or mumps antigen.
They found that 22 patients (47%) achieved com-

plete resolution; 16 patients (34%) additionally
displayed an increased 25% improvement in their

symptoms. Overall, 16 patients (34%) showed
resolution at distant sites that had not been

injected.6

Maronn et al14 found that there is evidence of
efficacy of C albicans on molluscum contagiosum

and plantar verrucae–affected pediatric patients.
This study supports the efficacy of C albicans

antigen on plantar verrucae because 48 of 55 warts
(87%) resulted in complete clearance without any

serious adverse effects. Three of 55 patients
additionally had partial clearance. Note that of the

patients included in this paper, 21 were simulta-
neously treated with tissue-destructive agents, such

as liquid nitrogen, salicylic acid, laser, or other
possibilities.14

Majid and Imran15 recently reviewed their results

after reviewing the treatment of whole-body verru-

cae with intralesional injections of C albicans. They
included 40 patients, and 34 completed their study

protocol, which included a three-injection series,
intermittently giving a single injection every 3

weeks and then follow-up for 6 months to evaluate
for recurrence. They found that 19 patients (56%)

achieved complete resolution, and an additional two
patients (6%) partially resolved. At the 6-month

follow-up, they found that no patients had relapsed.
In addition, they found that if the patient had not

responded by the first or second dose of the three-
dose series, they were less likely to respond after

the third and, therefore, they would not inject more
than three times.15

Very few serious complications have been report-

ed from any previous studies. Two separate case
studies have been published introducing potential

complications resulting in the use of Candida

antigen. Perman et al16 published a case report of

a 20-year-old woman who, after receiving a treat-
ment, experienced a ‘‘purple digit.’’ They found that

the patient had a combination compartment syn-
drome in her finger and a purple discoloration due

to vascular compromise initially. In a later corre-
spondence, the authors clarified that they believed it

was not tissue necrosis but a delayed hypersensi-
tivity reaction to the antigen itself and expressed

the importance of titrating the agent based on the
initial response; they did not attribute the compart-

ment syndrome to the antigen ultimately.16,17 In
addition, from the pediatric population, Wilmer et

al18 reported on an 8-year-old girl with a history of
vitiligo and lichen sclerosus. The patient’s singular

verrucous lesion was treated with multiple modal-
ities of treatment and, ultimately, an intralesional

injection of C albicans. This resulted in resolution
of the verrucous lesion but left the region depig-

mented within 6 weeks, and it remained depigment-
ed at 3-month follow-up.18 Although no fatal adverse

effects have been reported to date, it is important to
consider the novelty of the treatment and carefully

observe for any significant changes, such as a
hypersensitivity response or changes in pigmenta-

tion. Overall, the risks of this treatment are
relatively low, and other factors should be reviewed

before implementing this modality.

A final concern is that of the financial advantages

and disadvantages of a multimodal treatment,
including intralesional C albicans injections. Clem-

ons et al8 performed a comparative cost analysis
comparing the seven most common interoffice

treatment modalities for the care of plantar verru-
cae. They found that in terms of cost efficacy, C

albicans was second only to a carbon dioxide laser
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taking into account the number of visits required for

eradication, physician costs required to implement

the treatment, and medication costs. Owing to the

variety of adverse effects associated with the

carbon dioxide laser, C albicans may, overall, be

most cost efficient. In addition, the study found that

owing to the frequent office visits associated with

cryotherapy, or liquid nitrogen tissue destruction,

the total cost in dollars triples that of intralesional C

albicans injections. Ultimately, this study conclud-

ed that intralesional C albicans injections are

underused in the care of plantar verrucae in the

office setting, although it is important to note that

the investigators did not take into account recur-

rence of plantar verrucae.

Overall, promising results have been reported

throughout the dermatologic literature regarding

the efficacy, safety, and cost-effectiveness of C

albicans on the treatment of verrucae plantaris,

although no formal study has ever been published in

the podiatric medical literature. After a series of

successful treatments using intralesional C albi-

cans, the decision was made to formally study the

results in the form of a retrospective medical record

review.

Methods

An institutional review board–approved retrospec-

tive medical record review was undertaken, exam-

ining all patients treated by the senior author

(T.C.V.) for pedal verrucae between January 1,

2004, and December 31, 2007. Patients who did not

receive C albicans skin test antigen injection were

excluded from the review. The individual progress

notes were examined for objective clinical findings,

diagnosis, and treatment. Objective signs for verru-

ca were papular or planar hyperkeratotic lesions

that exhibited thrombosed capillaries, pinpoint

bleeding on debridement, and an interruption of

skin lines traversing the lesion after debridement.

Pertinent patient information, including patient

name, medical record number, age, sex, location of

verruca, previous treatments, number of Candida

injections, total number of treatments, amount of

Candida injected, and time to clearance/failure

were recorded. Time to clearance was defined as

objective physical examination findings (skin lines

present throughout lesion, lack of thrombosed

capillaries, and resolution of hyperkeratotic le-

sions). Failure of treatment was defined as contin-

uance of pain in the location of verruca, the

presence of thrombosed capillaries in the lesion,

and lack of skin lines traversing the lesion after
debridement.

The technique of the treatment was intradermal
injection of the C albicans skin test antigen (Nielsen
BioSciences, San Diego, California) at the site of
either the first known lesion (‘‘mother wart’’) or the
largest lesion on the foot. This was done using a 1-
cm3 tuberculin syringe with a 30-gauge half-inch
needle at a 158 angle to the skin. The amount of 0.1
to 0.3 cm3 injected into a singular lesion was
determined by the size and extent of the lesions.
As significant back pressure was typically encoun-
tered during injection, a luer-lock syringe and a
slow injection technique (.30 sec) were used.
Patients who received injection therapy were
scheduled to return at 1-month intervals.

Follow-up was continued until the previously
mentioned criteria for clearance were met. A
minimum of two attempts to contact patients by
telephone who did not attend follow-up visits was
performed by the contributing authors. Questions
that were asked included the following: if the lesion
had resolved, length of time between last treatment
and resolution; was the patient satisfied with the
treatment rendered; and would the patient undergo
treatment again if another verruca developed.

Results

This retrospective medical record review of patients
treated with C albicans at the Temple University
Foot and Ankle Institute (Philadelphia, Pennsylva-
nia) between 2004 and 2007 for plantar verruca was
conducted to estimate the clearance rate for this
therapy. The review identified 80 patients, 51
women and 29 men. The mean patient age was
32.8 years, with no significant differences associat-
ed with sex (mean: 32.27 years for women vs 33.66
years for men).

It was not possible to determine how long the
verrucae were present in many cases because in
some cases the patients sought care at other
providers before coming to the Foot and Ankle
Institute. The mean number of treatments received
at the Foot and Ankle Institute varied widely, with a
mean 6 SD of 4.68 6 3.54. No significant difference
in the mean number of treatments received was
noted when comparing the sexes.

Lesions were classified as having cleared when
skin lines became present throughout the lesion and
there was a lack of thrombosed capillaries or
resolution of hyperkeratotic lesions. Patients whose
lesions did not meet these criteria and those lost to
follow-up were classified as having failed therapy.
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Although classifying all patients lost to follow-up as

failing therapy could deflate estimates of therapeu-

tic efficacy, this approach was selected as the most

conservative option. On this basis, 65% of the

patients were classified as having been treated

successfully (95% confidence interval [CI], 0.54-

0.745), with the remaining 35% (95% CI, 0.255-0.459)

being classified as treatment failures.

When clearance rates in men and women were

estimated separately, men exhibited a slightly

higher clearance rate, but this difference was not

significantly different (likelihood ratio v2¼ 2.432; P

¼ .1188). At this point, an incidental note was made

that patients who had received treatment that

included a tissue-destructive modality before C

albicans injection seemed more likely to clear than

those who had not, and it was decided to formally

test the hypothesis that clearance rates in those

with previous exposure to tissue-destructive thera-

py were higher than those in patients without

previous exposure.

The two-tailed likelihood ratio comparing clear-

ance in patients with histories of exposure to tissue-

destructive therapies with that in patients without

such previous treatment yielded a Pearson v2 of

11.924, with an associated P¼ .0006. The (left) one-

sided Fisher exact test in favor of higher clearance

rates in those previously treated with tissue-

destructive therapies was also computed, and a P

¼ .001 was obtained. The relative risk of clearance

in patients with previous tissue-destructive therapy

compared with that in patients without previous

tissue-destructive therapy was estimated to be 2.769

(95% CI, 1.182-6.489). These results are depicted

graphically in the mosaic plot in Figure 1.

The Cochran-Mantel-Haenszel statistic for gener-

al association of categories was calculated to

stratify the observed difference by sex, yielding a
v2 of 10.247, with a corresponding P ¼ .0014. When
evaluation of the frequency of clearance by history
expected under the hypothesis of independence
versus that observed in this study was performed
separately for each sex, the likelihood ratio v2 was
determined to be 11.890 for women and 0.145 for
men, with corresponding P ¼ .006 and P ¼ .704,
respectively. When the relative risks of clearance in
those with and without a history of previous
exposure to tissue-destructive treatment were eval-
uated separately for each sex, the relative risk was
estimated to be 4.308 (95% CI, 1.197-15.499) for
women versus 1.154 (95% CI, 0.504-2.639) for men.
This suggests that the improvement in overall
clearance rates with previous tissue-destructive
therapy was largely due to the beneficial effect of
the latter in female patients.

Discussion

Treatment of plantar verrucae using an intralesional
injection of skin antigen, namely, C albicans,
presents an efficient and cost-effective alternative
treatment to the current standard of care, and this is
a concept that has been demonstrated in recent
literature.

Because this study is retrospective, there are
certain limitations. For example, there is no true
control group that allows added comparison with a
group receiving neither C albicans nor tissue-
destructive treatment. This is an issue that can be
remedied in the future with the proper application
of a planned prospective study.

This study was a retrospective analysis of 80
patients with plantar verrucae seen between 2004
and 2007 at the Foot and Ankle Institute of
Philadelphia. The intention of the study was to
analyze whether intralesional C albicans injections
are an effective modality of treatment for plantar
verrucae. The mean age of the present patient
population was approximately 33 years and had no
effect on the efficacy of treatment statistically. It
was found that the mean number of treatments
required was 4.68 and resulted in a 65% success rate,
whereas the 35% failure rate included those who
failed treatment based on preset parameters and
those lost to follow-up, indicating that the success
rate may be underestimated. In addition, it was
found that those who had received a previous
treatment of a tissue-destructive process were more
likely to clear by 2.769 times. When this patient
population was further subdivided by sex it was
found that women, especially, were more likely to

Figure 1. The relative risk of clearance in patients
with previous tissue-destructive therapy compared
with that in patients without previous tissue-destruc-
tive therapy.
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clear when an intralesional C albicans injection
followed a treatment using a tissue-destructive
process by 4.308 times. This leads to the conclusion
that there is a likely benefit to multimodal therapy
involving initial use of a tissue-destructive process,
such as Cantharone (Dormer Laboratories Inc,
Toronto, Ontario, Canada), followed by an intrale-
sional injection of C albicans. This study provides
evidence that this effective therapy is a reasonable
modality of treatment for plantar verrucae. To more
accurately evaluate the efficacy of C albicans, there
is need for further prospective studies in the future.
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Conflict of Interest: None reported.
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