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Often, the treatment of verrucae is frustrating for
both the physician and patient. Treatment may
be painful, scarring, ineffective, and costly. The
object of this study was to compare the clinical
outcomes and safety of Candida albicans intra-
lesional inject ion immunotherapy (CI) versus
conventional wart treatment. The results of a
prospective, nonrandomized, open-label, com-
parison study are presented. CI is a novel, 
simple, and inexpensive modality for the treat-
ment of verruca vulgaris (VV), including the plan-
tar wart (PW) type. CI appears safe and well
tolerated and is well suited for multiple warts on
hands and fingers, PWs, and recalcitrant warts.
Uninjected warts also may regress during CI.
The new phenomenon of postimmunotherapy-
revealed cicatrix (PIRC) is described. CI repre-
sents an off-label usage of Candida extract.

The treatment of patients with multiple, recalcitrant,
or recurrent verrucae continues to be a formidable
task for both primary care physicians and derma-
tologists.1 Treatment with currently available
modalities, such as cryosurgery, laser surgery, elec-
trosurgery, bleomycin, curettage, and topical acid
application, is not always successful and may be
associated with adverse effects, such as painful
scars,2 discomfort,3 nerve damage,4 and rarely, frost-
bite with subsequent loss of a toe.5 Even when
existing warts are successfully eradicated, patients
may develop new warts in other areas. Thus, recal-
citrant wart disease is often frustrating for the
physician and patient.6

Contact immunotherapy of warts has been 
performed with dinitrochlorobenzene7 (DNCB),

diphenylcyclopropenone (DCP), squaric acid
dibutylester8 (SADBE), poison oak, poison ivy,7

and tuberculin jelly.9 Autologous vaccine therapy of
condyloma acuminatum10 and common warts11 has
been reported. Direct injection of smallpox vaccine12

into warts also has been described. The efficacy and
recurrence rates of immunotherapy of condyloma
acuminatum with intralesional interferon injection
are comparable to other treatment modalities.13

However, the use of these immunotherapeutic
agents has its drawbacks. DNCB is difficult to use7

and has been shown to be mutagenic by the Ames
test. Severe urticarial reaction to DCP therapy for
alopecia areata has been reported.14 In addition, an
erythema multiforme–like reaction following DCP
treatment of plane warts has been noted.15 Pigmen-
tary disturbance (dyschromia in confetti) has been
reported in patients with alopecia areata treated
with DCP.16 Side effects of topical SADBE include
acute contact dermatitis and persistent hypo-
pigmentation.8 The possibility for future contact
with poison ivy makes this agent less than desir-
able.17 Tuberculin jelly apparently is safer than
DNCB.9 However, it requires a long treatment
period and a patient population in which tuberculin
sensitivity is high. Subcutaneous injection of an
autologous killed–virus vaccine obtained from wart
tissue has been very effective in treating condyloma
acuminatum.10 There is concern, however, regard-
ing the use of DNA viruses containing oncogenes.17

Injection of smallpox vaccine into warts is associ-
ated with the risk of permanent scarring and severe 
systemic reaction, curtailing its usage.12,18 Interferon
therapy of condyloma acuminatum is not recom-
mended for routine use because of inconvenience of
administration, frequent office visits, and high 
frequency of systemic adverse effects.13 Therefore, a
safe, effective, simple, and inexpensive immuno-
therapeutic agent would be a welcome addition to
the clinician’s armamentarium.

Spontaneous clinical regression of warts is thought
to occur as a result of cell-mediated immunity.19-23

Candida albicans is the predominant pathogenic
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yeast in the skin. Defense against C albicans
primarily involves the delayed hypersensitivity
immune system.24 Delayed-type hypersensitivity to
C albicans is present in 60% to 78% of healthy
adults.25 Therefore, intralesional injection of 
C albicans extract into a wart might elicit a host
cell–mediated immune response capable of induc-
ing wart regression. The results of a prospective,
open-label, nonrandomized comparison study of 
C albicans intralesional injection immunotherapy
(CI) and traditional wart therapy are presented in
this study.

Patients and Methods
This clinical investigation was done in accordance
with the Declaration of Helsinki research guide-
lines.26 Oral and written informed consents were
obtained. Written consent was drawn up according
to the American Medical Association Council on
Ethical and Judicial Affairs Code of Medical Ethics
(1998–1999 edition).

Two hundred seventy-seven nonrandomized
patients with warts were treated in a private community-
based dermatology office from December 17, 1998, to
May 23, 2001. Patients were treated for verruca 
vulgaris (VV), plantar warts (PWs), flat warts, or
condyloma acuminatum. One hundred patients
received CI. One hundred seventy-seven patients
received traditional treatment, most frequently con-
sisting of liquid nitrogen cryosurgery, topical salicylic
acid 17% in flexible collodion, and electrodesiccation
and curettage. Less frequently used were topical in-
office application of salicylic acid 30% podophyllum
resin 10% in flexible collodion, salicylic acid 
30% podophyllum resin 5% and cantharidin 1% in
flexible collodion, salicylic acid 40% plaster
(Mediplast®), warm water soaks, excision, topical
retinoic acid (Retin-A®), retinol cream, imiquimod
5% cream (Aldara®), and podofilox topical 
solution 0.5% (Condylox®). Bleomycin injection
and laser ablation were not used in this study. Inclu-
sion criteria included patients 6 years and older.
Exclusion criteria included patients who were preg-
nant or breast-feeding; those with uncontrolled
urticaria, known active or recent yeast infection,
uncontrolled asthma, known severe hypersensitivity
to C albicans, or acute febrile illness; and those
receiving concomitant treatment for warts by
another physician. There was no treatment washout
period before enrollment.

Beginning with CI patient 65, a scratch test was
performed 15 minutes before the first CI treatment
to identify patients with severe, immediate hyper-
sensitivity to C albicans. The oldest, and usually
the largest, wart (the “mother wart” [MW]) in CI

patients 1 through 5 was injected with 0.1 mL 
C albicans skin test antigen (CAST)(Candin®)
diluted with 0.1 mL 1% plain lidocaine solution.
The MW in CI patients 6 through 21 was injected
with 0.1 mL undiluted CAST. The MW of CI
patients 22 through 100 was injected with 0.1 mL
C albicans allergenic extract (CAE [1:1000]). The
warts were injected intralesionally, using a one-
piece BD 1-mL U-100 insulin syringe with a
0.36�13-mm needle. The syringe was held parallel
with the skin surface, and the needle was injected
with the bevel facing upward. CI patients were
instructed to wait in the office for 15 to 30 minutes
after injection to observe for signs and symptoms of
immediate hypersensitivity. CI patients were
instructed to discontinue all other wart treatments
during the study. Traditional treatment patients,
however, were allowed to use more than one wart
treatment concurrently, if prescribed by the clini-
cal investigator. CI and traditional treatment
patients were allowed to take their usual medica-
tions during the study period. CI patients were
instructed to return in 2 days for a recheck of the
injection site. Redness and tenderness to palpation
at the injection site were assessed and recorded as
either present or absent. CI patients 1 through 5, 6
through 21, and 22 through 100 were instructed to
return for reassessment in 4 weeks, 6 weeks, and 
8 weeks, respectively.

At follow-up visits, the MW was injected again if
it was still present. If little or no clinical improve-
ment was seen in the patients’ other warts, some
patients received intralesional injection of one or
more warts, in addition to MW injection. CI and
traditional treatment patients received from 1 to 3
in-office treatment sessions. Total wart counts of 
CI patients were performed at office visits (excluding
2-day rechecks), except for CI patients with numer-
ous flat warts. A mosaic wart was counted as one
wart, regardless of size.

Complete clearing (CC) was defined as total res-
olution of all warts present at the beginning of the
study. Partial clearing was defined as decrease in
number and/or decrease in apparent size. No
improvement was defined as no decrease in number
and no decrease in apparent size. To be eligible for
final data analysis, subjects were required to com-
plete at least one office treatment session and one
clinical follow-up examination and were allowed up
to 3 office treatment sessions.

The Fisher exact test was used to analyze all
parameters in Tables 1, 2, and 3, except age and
number of warts, where the t test was used. STATA
7.0 software was used for the Fisher exact test. SAS
software was used for logistic regression and t test.



VOLUME 70, SEPTEMBER 2002 187

Results
The flowchart (Figure 1) depicts the course of
enrolled patients. Table 1 shows the outcome of
patients treated for VV, including the plantar type.
Of the 87 CI patients, 44 (51%) had complete
clearing of all originally present warts, 35 (40%)
had partial clearing, and 8 (9%) had no improve-
ment. Fifty-one (59%) had CC of their initially
injected wart (ie, MW) and 27 (31%) had clearing
or improvement of uninjected warts. Nine of the
56 (16%) CI patients with multiple warts had CC

of all warts after just one wart was injected. Of the
87 CI patients, 39 (45%) were children aged 
6 through 18 years. Of these children, 20 (51%)
had CC, 16 (41%) had partial clearing, and 3 (8%)
had no improvement (Figure 2). The follow-up
period for CI patients ranged from 6 to 109 weeks.
CI patients with VV and/or PWs received an 
average of 2.3 treatment sessions. The follow-up
period for traditional treatment patients ranged
from 1 to 102 weeks. Traditional treatment
patients with VV and/or PWs received an average
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Enrolled: (N�277)
Not Randomized

Assigned to
Undergo CI: 100

Assigned to Undergo
Traditional Treatment: 177

Lost to Follow-up: 6
   Lack of Benefit: 2
   Fear of Injection: 1
   Improved but Failed to Return: 1
   Unknown Reasons: 2

Lost to Follow-up: 40
   Unknown Reasons: 40

Excluded: 7
   Concurrent Treatment: 1
   Flat Warts (Lack of Benefit): 4
   Condyloma Acuminatum: 2 (Too Few)

Excluded: 42
   Facial Warts: 24
   Concurrent Therapy
      by Another Physician: 1
   Flat Warts: 13
   Condyloma Acuminatum: 4

Analyzed: 87
Plantar Warts
Verruca Vulgaris

Analyzed: 95
Plantar Warts
Verruca Vulgaris

Figure 1. Candida albicans intralesional injection immunotherapy (CI) versus traditional treatment of warts.
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of 1.6 treatment sessions. Findings from all CI
patients who received scratch tests before
immunotherapy were negative for immediate-type
hypersensitivity to Candida.

A comparison of the clinical parameters of the
patients with PWs and/or VV is shown in Table 2.
The 2 patient groups were similar regarding sex, his-
tory of atopy, and wart duration. However, mean age
of patients in the CI group was significantly lower
than the traditional treatment group (P�.005).
Patients in the CI group also had a higher number of
warts on average (mean of 4.6 vs 3.1 in the tradi-
tional treatment group, P�.016) and were more
likely to be recalcitrant to previous therapy
(P�.001). The percentage of patients with PWs in
the CI group was greater than that in the traditional
treatment group, but the difference was not signifi-
cant (P�.071). Adverse effects in subjects with
PWs and/or VV are shown in Table 3.

The impact of these factors on treatment success
(ie, CC) was examined further, using separate multi-
variate logistic regression analyses of the CI and tra-
ditional treatment groups. Surprisingly, no patient
parameters predicted probability of CC in the CI
group. Outcome of CI patients did not correlate
with size of the injected wart, age, or history of
atopy. However, clinical stigmata of atopy were not
examined. While the final outcome of pediatric
patients was virtually identical to that of the entire
CI group (Figure 3), clinical resolution of warts
occurred sooner in children.

Logistic regression of traditional treatment data
revealed a significantly lower likelihood of CC
among younger subjects (P for age�.011) and those
with PWs (P�.037). The number of warts was a neg-
ative predictor of CC when included as a continuous
variable, but it was not significant (P�.066). How-

ever, when included as a set of categorical variables
(1 wart, 2–4 warts, ≥5 warts), the number of warts
was a significant predictor of outcome (ie, patients
with 1 wart were much more likely to have CC in
comparison to those with 2 or more).

In one case, a 10-year-old boy underwent CI for
recalcitrant common warts on his knee of 2 years’
duration. An incidental hemangioma, approxi-
mately 2 cm in diameter, was present several centi-
meters away from the CI injection site. According
to the mother, the hemangioma had been present
since early infancy. It had already involuted and
stopped improving. Results of physical examination
revealed an oval, purplish, fibrotic, flat plaque, con-
sistent with the residual connective tissue remnant
of a hemangioma. After 3 CI injection sessions, the
hemangioma that had not been injected flattened
and completely resolved, except for postinflam-
matory hyperpigmentation.

Comment
In 1979, Harada27 documented in the Japanese 
literature the efficacy of Candida vaccination in the
treatment of warts. At the University of Minnesota,
Bolton and Ricker28 performed a double-blind,
placebo-controlled study to demonstrate the effi-
cacy of CI in the treatment of recalcitrant warts
using CAE (1:100). This stronger concentration of
Candida antigen was associated with rapid tissue
sloughing.28 However, Bolton’s previous study using
CAE (1:1000) yielded a 71% cure rate, with no 
significant side effects.28

In the present study, side effects were uncom-
mon. Two CI patients exhibited the phenomenon of
postimmunotherapy-revealed cicatrix (PIRC). One
13-year-old girl had multiple plantar scars, resulting
from previous electrosurgery under general anesthe-
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Table 1.

Outcome of Treatment in Patients With Plantar Warts and Verruca Vulgaris*†

CI Traditional Treatment
No. of Patients (n�87) (n�95)

Complete clearing (%) 44 (51) 46 (48)

Partial clearing (%) 35 (40) 44 (46)

No improvement (%) 8 (9) 5 (5)

*CI indicates Candida albicans intralesional injection immunotherapy.
†P value for the Fisher exact test of no difference in outcome is 0.528.
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sia by a general surgeon. Another 13-year-old girl
had a single scar on her finger from a thermal burn
sustained in early childhood. However, the scars
from these 2 patients were completely obscured by
their warts and were only visible after their warts
resolved following CI. Fortunately, both patients
volunteered detailed histories of their preceding
scars. Nevertheless, clinicians should be aware of
this PIRC phenomenon for medicolegal reasons. It
would be prudent to document incidental disease or

history of previous treatments that may suggest the
original source of PIRC.

No serious adverse effects occurred in the CI
group (Table 3). Four patients reported pain and flu-
like symptoms, which were short-lived. Two of these
patients experienced flulike symptoms on their first
treatment and the other 2 on their third treatment.
According to the manufacturer’s product informa-
tion, immunotherapy should be administered with
caution to patients receiving �-blocker therapy
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Table 2.

Patient Characteristics (Plantar Warts and Verruca Vulgaris)*†

CI Traditional Treatment
No. of Patients (n�87) (n�95) P

Sex, male (%) 35 (40) 42 (44) .653

Age, mean, y 23.7 31.4 .005‡

History of atopy (%) 35 (40) 47 (49) .233

Recalcitrant to previous therapy (%) 73 (84) 52 (55) �.001‡

Wart duration ≥2 y (%) 33 (38) 28 (30) .273

No. of warts, mean 4.6 3.1 .016‡

Patients with plantar warts (%) 30 (34) 21 (22) .071

*CI indicates Candida albicans intralesional injection immunotherapy.
†The Fisher exact test was used for all parameters except age and number of warts, for which the t test was used.
‡Significant.

No ImprovementPartial ClearingComplete Clearing

51% 41%

8%

Figure 2. Outcome of Candida albicans intralesional injection immunotherapy in children aged 6 to 18 years (n�39).
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because they may be unresponsive to epinephrine in
the event of anaphylaxis.29 No patients experienced
scarring from CI. However, almost one third of the
31 traditional patients treated with electrodesicca-
tion developed hypertrophic scars. One of these
patients developed a flexion contracture of the fin-
ger as a result of his hypertrophic scar.

CAST is approved by the US Food and Drug
Administration for use as a recall antigen for detect-
ing delayed-type hypersensitivity to C albicans
by intracutaneous (intradermal) testing.25 CAE
(1:1000) is FDA approved for the diagnosis and
treatment of patients with immediate hypersen-
sitivity allergy to C albicans.29 There was no signifi-
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Figure 3. Number of patients receiving Candida albicans intralesional injection immunotherapy who achieved
complete clearing (n�44) per number of treatment sessions needed.

Table 3.

Adverse Effects (Plantar Warts and Verruca Vulgaris)*

CI Traditional Treatment
Adverse Effect, No. of Patients (%) (n�87) (n�95) P

Hypertrophic scar 0 9 (9) .003†

Milia 1 (1) 0 .478

Chills, myalgia, or arthralgia 4 (5) 0 .05†

Headache 1 (1) 0 .478

Severe pain 2 (2) 0 .227

Tenderness for 1 wk 1 (1) 0 .478

Localized wheal at injection site 3 (3) NA NA

Digital edema 2 (2) 0 .227

Herpes zoster 1 (1) 0 .478

*CI indicates Candida albicans intralesional injection immunotherapy; NA, not applicable.
†Significant using the Fisher exact test.
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cant difference in the outcomes between the first 
13 PW and/or VV patients who were treated with
CAST, and subsequent PW and/or VV patients 
who received CAE (1:1000). However, the cost of
CAST is approximately 20 times higher than 
CAE (1:1000).

Results of logistic regression may have potential
implications for choosing either traditional treat-
ment or CI. Negative predictors of response to tra-
ditional treatment were younger patients, those with
PWs, and those with multiple warts.

There are obvious limitations to an open non-
randomized study, including selection bias, inves-
tigator bias, and patient bias. Spontaneous
regression of warts cannot be ruled out. However,
35 of 74 (47%) CI patients with previously recalci-
trant PWs and/or VV had CC. Furthermore, 11 of
44 (25%) of the patients with PWs and/or VV who
experienced CC with CI had wart duration greater
than or equal to 2 years, making spontaneous
regression less likely. Nevertheless, this is the first
study to compare the outcomes and adverse effects
of CI with standard wart therapies other than 
liquid nitrogen cryosurgery.

It can be speculated that warts may produce one
or more biologically active substances capable of
local immunosuppression, allowing verrucae to
escape attack by the cell-mediated immune system.
Indeed, Freed and Eyres30 reported the case of a 
41-year-old woman with numerous recalcitrant com-
mon warts of 20 years’ duration that contained a 
soluble factor that blocked local expression of cellu-
lar immunity without affecting systemic immune
responsiveness. Perhaps warts produce increasing
amounts of such blocking factors with longer dura-
tion. This might render them highly resistant to
therapeutic intervention. Similarly, factors inter-
fering with immunologic rejection of tumors also
have been described.31

CI patient 18, a 10-year-old boy, was noted to
have an involuted hemangioma, with residual con-
nective tissue remnant adjacent to the injection
site. During the course of CI, it regressed completely,
despite not being injected directly. This may have
been the result of spontaneous regression. However,
CI may have potential for the treatment of infantile
hemangiomas. Further studies are warranted.

The mechanism of action of CI is unknown. Pre-
sumably, intradermal injection of C albicans extract
causes nonspecific inflammation that attracts a cell-
mediated immune response, which then becomes
active against human papillomavirus–infected 
keratinocytes. Four CI patients reported herein devel-
oped transient chills, myalgia, or arthralgia within 
24 hours of injection, suggesting the possibility of 

systemic cytokine release. In an open study of 
55 patients treated for warts with either Candida or
mumps injection immunotherapy, Johnson and 
colleagues32 reported 6 subjects who experienced flu-
like symptoms within 12 hours of treatment. All
resolved by 24 hours, responding to nonsteroidal
anti-inflammatory medications. Similarly, Phillips
et al33 reported transient flulike symptoms in 2 of
104 patients treated with Candida antigen injection.
In the present study, only one CI patient declined
further treatment because of flulike symptoms.

Thirty-nine of the 87 CI subjects (45%) were
children ranging in age from 6 to 18 years. Surpris-
ingly, Candida injections were well tolerated by
most children. Many of these pediatric patients
were quite embarrassed by their warts and thus very
motivated to undergo CI. In the present study, the
physician pinched up the surrounding skin imme-
diately before injection to decrease pain percep-
tion. One patient used a eutectic mixture of
lidocaine 2.5% and prilocaine 2.5% cream
(EMLA®), and one patient applied ice before treat-
ment to make the injection more tolerable. Injec-
tion of thin-skinned areas, such as the dorsal hand,
was less painful than thick-skinned areas, such as
the palms and soles.

Conclusion
CI is a novel therapeutic approach for the treat-
ment of PWs and VV; it is a simple, effective, and
well-tolerated modality in selected patients. A sig-
nificant difference in outcome was not detected
between the CI and traditional treatment groups.
Also, the CI group had significantly more recalci-
trant patients, higher number of warts per patient,
and younger patients. It is possible that CI might
have shown clinical superiority in a more closely
matched study. This new form of treatment appears
helpful for patients with numerous warts and 
difficult-to-treat lesions, such as periungual warts
and PWs. No scarring resulted from CI in any of the
patients observed in this study. Also, CI is quite
inexpensive. One treatment, consisting of 0.1 mL of
CAE (1:1000), alcohol preparation pad, examina-
tion gloves, and insulin syringe, costs less than $1.
CI could be useful in areas of the world that cannot
afford costly medical care.

Randomized controlled trials are needed to 
further assess the efficacy of CI and to determine
optimum dosing and length of time between injec-
tions.34 Immunohistochemical studies are needed to
elucidate the mechanisms of action of CI. Studies
comparing the efficacy of CI with intralesional
bleomycin, SADBE contact immunotherapy, and
laser ablation also would be useful to the clinician.
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