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Introduction

Plantar warts (verrucae plantaris) are common skin lesions affect-
ing the plantar aspect of the foot and caused by human papillo-
mavirus (HPV) (1).

Given the high propensity for treatment resistance, inconven-
ience, and recurrence of plantar warts, and due to the absence 
of a practical and reliable method for prevention, plantar warts 
remain a therapeutic challenge. Different therapeutic modalities 
have been used, ranging from topical salicylic acid to tissue abla-
tion, which are frequently associated with pain, scarring, and long 
recovery time (2, 3). Immunotherapy has shown success in treating 
different types of warts (including recalcitrant, common, anogeni-
tal, and plane warts) by combining a targeted approach and up-
regulation of the host cell-mediated immune response (4-6).

Candida albicans–specific antigen as an injection immuno-
therapy for common and plantar warts triggers a helpful immune 
response in most healthy individuals. It is claimed that the anti-
gen propagates a cell-mediated immune response, accompanied 
by proliferation of peripheral blood mononuclear cells that target 
the HPV, leading to wart resolution (7, 8).

Measles, mumps, and rubella (MMR) vaccine is another mo-
dality of wart immunotherapy, especially in recalcitrant ones (9). 
Intralesional MMR vaccine is thought to be effective in wart treat-
ment through stimulation of a potent non-specific inflammatory 
response toward HPV-infected cells with subsequent wart resolu-
tion through stimulation of the patient’s immune system, particu-
larly cell-mediated immunity, to eradicate the virus (10, 11).

This study compares the efficacy and safety of C. albicans–spe-
cific antigen versus MMR vaccine for treatment of plantar warts by 
intralesional injection.

Materials and methods

The study included 60 patients with clinically diagnosed plan-
tar warts, who were recruited from the outpatient clinics of the 
Dermatology and Venereology Department, Tanta University 
Hospitals, Egypt. Patients over 12 years old with single or mul-
tiple plantar warts that were either refractory to treatment (did 
not show considerable response to at least one destructive thera-
peutic modality) or recurred at least once after treatment with a 
tissue-destructive modality were included in the study. The dif-
ferent modalities of treatment available for warts and the rela-
tive advantages and drawbacks of immunotherapy, including a 
possible failure of response to treatment, were clearly declared 
to the patients. The study protocol was approved by the insti-
tutional review board of the ethics committee of the Faculty of 
Medicine at Tanta University. Patients with acute febrile illness, 
those that received treatment for their warts during the preced-
ing month of the study, pregnant females, lactating mothers, 
patients with immunosuppression or other systemic diseases, 
and those with a history of any hypersensitivity reactions were 
all excluded. After signing written informed consent, patients 
were randomly assigned to two equal groups. Patients in Group 
A were treated with intralesional injection of C. albicans antigen 
(specific hyposensitizing vaccine C. albicans antigen, Allergica, 
concentration 1:100) prepared in hypersensitivity labs at Ain 
Shams University, Egypt. Patients in Group B were treated with 
intralesional MMR vaccine (freeze-dried MMR vaccine, 0.5 ml 
vials, VACSERA, Egypt). In both groups, a dose of 0.3 ml of the 
immunotherapeutic solution was intralesionally injected into 
the largest wart at 3-week intervals until complete clearance of 
the wart or for a maximum of five sessions. Patients that did not
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show any response to the immunotherapeutic regimen after the 
fifth injection session were offered an alternative treatment op-
tion.

Evaluation

Clinical and photographic evaluation was performed before start-
ing treatment, at every treatment session, and at follow-up after 
2 months from the last session by two dermatologists. The treat-
ment response was categorized according to the following score 
(9): “complete cure” (complete disappearance of the warts and 
return of normal skin markings) and “no cure” (no response or 
only reduction in wart size). “No cure” was further divided into 
“partial response” (≥ 50% decrease in wart size or number but not 
completely cured) and “no response” (< 50% decrease in wart size 
or number).

Adverse effects that occurred during treatment or at follow-up 
(pain, redness, swelling at the injection site, or systemic manifes-
tations as fever or flu-like symptoms) were reported.

Statistical analysis

Data were analyzed using IBM® SPSS statistical software, version 
21. Numerical data were presented as means and standard devia-
tions (SD), and categorical data were presented as numbers and 
percentages. A chi-squared test was used to compare the quali-
tative data. When the chi-squared test was not appropriate, the 
Monte Carlo (MC) test was applied. The Mann–Whitney test and 
Kruskal–Wallis test were used to compare the two means in differ-
ent groups. Linear correlation analysis was performed using the 
Spearman coefficient correlation and used for testing the positive 
or negative associations between different variables. The level of 

significance was set at p < 0.05.

Results

All the patients included completed the study. Group A included 
20 men and 10 women. Their mean age was 31.6 + 11.3 years (SD; 
range 13–55). Group B included 24 men and six women. Their 
mean age was 32.2 + 11.1 years (SD; range 14–48). Most of the pa-
tients included in the study (80.0% of the patients in Group A and 
73.7% of those in Group B) had multiple plantar warts.

The demographic data of the patients as well as the site, num-
ber, and duration of plantar warts and history of previous treat-
ment are shown in Table 1. Twelve patients in Group A (40.0%) 
and eight patients in Group B (26.7%) had distant non-plantar, 
non-genital warts.

In Group A, 24 patients (80.0%) were completely cured (exam-
ples shown in Fig. 1) and six patients (20.0%) showed a partial 
response after the five treatment sessions. In Group B, eight pa-
tients (26.7%) were completely cured (Fig. 2), six patients (20.0%) 

Table 1 | Demographic and clinical data of groups studied.

Variable Group A
(n = 30)

Group B
(n = 30) Test of significance p-value

Sex
Male, n (%)
Female, n (%)

20 (66.7)
10 (33.3)

24 (80.0)
6 (20.0)

χ² = 0.68 0.4

Age (years)
Range
Mean ± SD

13–55
31.6 + 11.3

14–48
32.2 + 11.1

K = 0.11 0.73

Duration of plantar warts (months)
Range
Mean ± SD

4–18
6.66 ± 3.22

5–24
10.66 ± 8.89

U = 147 0.16

Number of warts, n (%)
Single
Multiple

6 (20.0)
24 (80.0)

8 (26.7)
22 (73.3)

χ² = 0.18 0.66

Previous plantar wart treatment
Surgical treatment
Electrocautery
Cryocautery
Topical salicylic acid

4 (13.3)
6 (20.0)

16 (53.3)
4 (13.3)

1 (3.33)
8 (26.7)

19 (63.3)
2 (6.7)

χ² = 7.04 0.31

Presence of warts in areas other than the sole, n (%) 12 (40.0) 8 (26.7) – –
Degree of improvement, n (%)

Complete cure
Partial response
No response

24 (80.0)
6 (20.0)

0

8 (26.7)
6 (20.0)

16 (53.3)

χ² =12.62 0.002*

Resolution of anatomically distant warts, 
n/cases with distant warts (%)

5/12 (41.7) 1/8 (12.5)

Side effects, n (%)
Mild transient pain on the day of injection
Redness
Swelling
Flu-like symptoms
Ecchymosis

25 (83.3)
22 (73.3)
25 (83.3)
11(36.6)

0

5 (16.7)
7 (23.3)
3 (10.0)

0
2 (6.7)

χ² = 26.13
χ² = 23.3
χ² = 22.6

χ² = 26.61
χ² = 1.03

< 0.001*
< 0.001*
< 0.001*
< 0.001*

0.31
K = Kruskal–Wallis test, U = Mann–Whitney test, χ² = chi-squared test, * = statistically significant at p ≤ 0.05.

MC = Monte Carlo test for chi-squared, *statistically significant at p ≤ 0.05.

Table 2 | Number of sessions required for best results and results of follow-up 
after 2 months in totally cured patients in both groups studied.

Total cures,
Group A
(n = 24)

Total cures, 
Group B
(n = 8)

Test of
significance p-value

Sessions, n (%):
Two
Three
Four
Five

4 (16.7)
6 (25.0)
8 (33.3)
6 (25.0)

2 (25.0)
4 (50.0)
2 (25.0)

0

MC = 9.32 0.001*

Follow-up, n (%)
Recurrence
No recurrence

0
24 (100.0)

0
8 (100.0)
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showed a partial response, and 16 patients (53.3%) showed no re-
sponse. The patients in Group A achieved statistically significant 
better results with a higher incidence of complete cure than those 
in Group B. The mean number of sessions needed to achieve the 
best results in patients in both groups as well as their follow-up 
data are shown in Table 2. The degree of improvement of plantar 
warts was significantly related to the number of immunothera-
peutic injection sessions received by patients in Group A only (p = 
0.037; Fig. 3). It should be noted that 41.7% of those that had con-
comitant distant warts among the patients in Group A and 12.5% 
of those with distant warts in Group B showed resolution of their 
distant un-injected warts with immunotherapy (Table 1).

Regarding side effects, there was a statistically significant 
higher incidence of pain on the day of injection, redness, swell-

ing, and flu-like symptoms in the patients in Group A compared to 
those in Group B. All these reported side effects were mild, toler-
able, and transient (Table 1).

No statistically significant correlations were detected between 
the degree of improvement of plantar warts and patient age or du-
ration of warts in the two groups studied (Fig. 4).

Discussion

Intralesional immunotherapy using different skin test antigens 
and vaccines has shown considerable efficacy and safety in the 
treatment of different types of warts, even in recurrent and/or 
resistant lesions (12, 13). It could resolve the lesions without any 
physical injury or scarring, and, in addition, it would augment the 
host immune response against the causative agent with resolution 
of distant un-injected lesions (14). To the best of our knowledge, 
this is the first study comparing the use of C. albicans–specific 
antigen versus the MMR vaccine for treatment of plantar warts by 
intralesional injections.

In this study, the incidence of complete cure in patients treated 
with C. albicans antigen injection was 80%, which is comparable 
to several previous studies that utilized the same antigen for wart 
treatment (7, 8, 15, 16). A literature review shows that several re-
search groups have studied intralesional C. albicans antigen for the 
treatment of common and genital warts, and that this has shown 
promising results (15, 17). However, to the best of our knowledge, 
studies regarding its use for plantar warts are relatively few.

In a previous study, Vlahovic et al. used a Luer-lock syringe 
to inject 0.1 to 0.3 ml of C. albicans antigen into either the oldest 

Figure 1 | A 45-year-old male patient with multiple plantar warts A) before treat-
ment, B) after two sessions of C. albicans antigen intralesional injection with 
complete cure, and C) after 2 months of follow-up with no recurrence; and a 
30-year-old male patient with multiple plantar warts D) before treatment, E) 
after four sessions of C. albicans antigen intralesional injection with complete 
cure, and F) after 2 months of follow-up with no recurrence.

Figure 2 | A 20-year-old male patient with multiple plantar warts A) before treat-
ment, B) after five sessions of measles, mumps, and rubella (MMR) vaccine 
intralesional injection with complete cure, and C) after 2 months of follow-up 
with no recurrence.

Figure 3 | Correlation between the degree of improvement and the number of intralesional immunotherapy injection sessions A) in patients treated with C. albicans 
antigen injection with a significant positive correlation and B) in patients treated with measles, mumps, and rubella (MMR) vaccine injection with an insignificant 
correlation.
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or the largest wart in a sample of 80 patients with plantar warts. 
They reported total clearance of the lesions in 65% of their pa-
tients, but their study included patients lost to follow-up in the 
35% failure-rate group (7). In fact, the authors of this study believe 
that doses higher than 0.1 ml yield higher immunogenic poten-
tial with preserved safety, whereby 80% of plantar wart patients 
achieved a complete cure using 0.3 ml of C. albicans antigen and 
without considerable adverse effects. This dose was fixed and 
well-tolerated by patients throughout the study. In a similar con-
text, Kim et al. treated 11 patients with non-genital, non-facial 
warts by injecting 0.3 ml of Candida antigen every 3 weeks for a 
total of four treatments. Nine patients (82%) had complete resolu-
tion, and one patient (9%) achieved a partial response with no 
increase in adverse effects. These results are in agreement with 
our results, which strongly advocate the use of higher doses to 
achieve a greater immunogenic response (17).

In another study, three of seven patients with HIV that were 
injected intralesionally with Candida antigen (0.3 ml every 3 
weeks) achieved complete clearance of their common warts (18). 
The immunocompromised state of HIV patients and the crucial 
role of cell-mediated immunity in achieving response with C. albi-
cans antigen immunotherapy might explain their lower cure rates 
(42.8%), which are still considered promising for this population 
of patients.

It should be noted that no recurrence was detected in com-
pletely cured cases of Group A in this study on follow-up, and 
this was in agreement with the studies by Vlahovic et al., Majid 
et al., and Nofal et al. (7, 8, 16). The flared body immune response 
against HPV might explain the persistent incapability of the virus 
and its inoculated nearby particles to induce recurrence in cured 
patients.

Regarding side effects of C. albicans immunotherapy in pa-
tients in Group A, transient tolerable side effects such as flu-like 
symptoms, pain during and after injection, and redness and 
swelling at the injection site were reported in this study and were 
similar to those reported in several previous studies (8, 16–19). In 
fact, the authors of this study believe that the occurrence of flu-

like symptoms and local reactions at the injected wart are good 
signs, indicating that a major immune reaction will resolve the 
wart and destroy the HPV (in a manner that is quite similar to the 
immunizing pre-test of intralesional antigen injection adopted by 
several research groups to predict the response to treatment). We 
noticed that the patients that experienced the most severe adverse 
effects were those that showed the best curative results for their 
warts.

The degree of improvement of plantar warts in patients in 
Group A was significantly related to the number of sessions re-
ceived, and this was in agreement with several previous studies 
(15–17).

Although MMR vaccine has shown promising results in previ-
ous reports when used in common, multiple, and recalcitrant cu-
taneous warts (11, 20–24), data on its efficacy in plantar warts are 
relatively sparse in published literature.

Regarding the degree of improvement in patients in Group 
B, the incidence of complete response in this study (26.7%) was 
lower than that found in the studies by Nofal et al. (63%), Zama-
nian et al. (75%), and Awal et al. (68%) (9, 20, 24). This might be 
attributed to variation in the type of warts treated, whereby plan-
tar warts are thought to be more resistant to immunotherapy than 
other types of common extragenital warts. Moreover, Zamanian 
et al. used a higher dose of MMR injection (0.5 ml) than our study 
(0.3 ml) (20).

In a recent study, Abd El-Magiud et al. tested MMR vaccine 
versus cryotherapy for treating common and plantar warts, and 
they achieved a 70% cure in the MMR group with a 0.5 ml intral-
esional vaccine injection, biweekly for only three sessions (25). It 
should be taken into consideration that their patients in the MMR 
group included patients with common warts in addition to those 
with plantar ones (50% for each), whereby common warts are 
thought to be more readily responsive to therapy. In addition, they 
achieved their results by injecting higher volume (0.5 ml).

It is noteworthy that none of the cured patients in Group B in 
this study developed recurrence after 2 months of follow-up, and 
this was in agreement with Rezai et al.’s study (11), whereas in 

Figure 4 | Correlation between the degree of improvement and patient age with insignificant results A) in patients treated with C. albicans antigen injection and B) 
in patients treated with measles, mumps and rubella (MMR) vaccine injection; and correlation between the degree of improvement and duration of plantar warts 
(in months) with insignificant results C) in patients treated with C. albicans antigen injection and D) in patients treated with MMR vaccine injection.
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studies by Na et al. (21) and Nofal et al. (9) recurrence developed in 
5.6% and 4.8%, respectively, of those that had a complete response 
at the 6-month follow-up visit. The shorter period of follow-up in 
this study might explain this variation in the results of recurrence.

Regarding side effects in Group B, this study showed that pain 
on the day of injection occurred in only 16.7% of patients in Group 
B. Their pain was tolerable and did not affect the compliance of 
patients to continue the treatment protocol; this was in agreement 
with several previous studies (9, 11, 23, 25). In our study, flu-like 
symptoms were not reported in Group B, and this was in agree-
ment with the findings by Na et al. (21). In contrast, Nofal et al. 
(9), Zamanian et al. (20), and Abd El-Magiud et al. (25) reported 
flu-like symptoms in 12.3%, 30%, and 15% of their patients, re-
spectively.

Collectively speaking, adverse effects to immunotherapy have 
been stated to be mild and generally insignificant, in addition to 
the absent or low recurrence rates that encourage its use in clini-
cal practice (26, 27).

It should be mentioned that patients treated with C. albicans 
antigen immunotherapy achieved significantly better results, 
with a higher incidence of complete cure (80.0% versus 26.7%, 
p = 0.002), and a smaller number of injection sessions required 
than for those treated with MMR vaccine. The variable immune re-
sponse of immunocompetent individuals to different types of im-
munotherapeutic modalities is a common clinical observation that 
requires future research for explanation. Therefore, shifting from 
one type of immunotherapy to another might be a helpful option 

for patients that failed to develop a response to a certain immuno-
therapeutic agent.

There were some limitations to this study. The small number of 
the patients studied, the absence of a control group, and the short 
follow-up period are the main limitations. In addition, a pre-test 
with intralesional injection of a test dose of the immunotherapeu-
tic drug (0.1 ml) to rule out non-responders as well as hypersensi-
tive patients was not performed.

Conclusions

This study indicates that intralesional injection of either C. al-
bicans antigen or MMR vaccine may have some potential ad-
vantages in treating patients with plantar warts because they 
are well tolerated, have a low cost, and result in no scarring or 
post-injection downtime in addition to the single injection site. 
C. albicans antigen immunotherapy yielded better results with a 
significantly higher incidence of a complete cure in resistant and 
recurrent plantar warts (regardless of the number of lesions) than 
intralesional MMR vaccine, and this was achieved with signifi-
cantly fewer treatment sessions. A major additional advantage of 
this modality over most traditional treatments is its effectiveness 
in multiple as well as distant un-injected lesions and a lower risk 
of future recurrence in cured cases. Our study recommends intral-
esional C. albicans antigen injection as a helpful addition to the 
current therapeutic armamentarium against plantar warts, espe-
cially in multiple, resistant, and recurrent cases.


