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Introduction
Warts are caused by infection of keratinized 
and non‑keratinized epithelia with Human 
papilloma viruses  (HPV).[1] Benign 
cutaneous warts are most common in 
childhood and into the 20s.[2,3] Depending 
upon their site they can be painful, like 
palmoplantar warts, or an emabrassing 
entity if they are present on face. Currently, 
various destructive and ablative treatment 
options that are conventionally used for 
warts  (cauterization, excision, cryosurgery, 
salicylic acid, trichloroacetic acid, etc.) 
are limited in some form by their adverse 
effects, high recurrences, suboptimal 
effectiveness, and the need to treat every 
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Abstract
Introduction: Currently, various destructive and ablative treatment options are conventionally 
used for warts, but all of them are limited in some form by their adverse effects, high recurrences, 
suboptimal effectiveness, and the need to treat every wart. Lately, immunotherapy has emerged as a 
safe treatment relying on biological substances that modulate the immune system to achieve disease 
control. Aims and Objectives: We aimed at conducting a placebo‑controlled study to compare the 
rate of efficacy of intralesional MMR vaccine with vitamin D3 in the management of recalcitrant 
extragenital warts in immune‑competent adults. Follow‑up was done at third and sixth month. 
Materials and Methods: Patients were divided into three groups, namely, group  A, B, and C. 
Groups A, B, and C received intralesional MMR vaccine, vitamin D3 and normal saline, respectively, 
in the largest wart. The injections were repeated every 2 weeks, for a maximum of four injections. 
Results: Among injected warts, in group A, complete clearance was seen in 29  (87.8%) patients, 
partial clearance in two  (6.1%) and no response in two  (6.1%) patients. In group  B, 24  (77.4%) 
patients, five  (16.1%) patients, and two  (6.5%) patients showed signs of complete, partial, and no 
clearance, respectively, in injected warts. Complete response in distant warts was seen in 25 (75.7%) 
patients in group  A and 20  (64.5%) patients in group  B. There was no statistically significant 
difference between responses of the two groups. In group  C, only three  (12.5%) patients had 
complete clearance in injected warts, and none in distant warts. Recurrence was seen in two (6.4%) 
patients, each in group  B and C. However, for management of verruca plana MMR was found to 
be superior to vitamin D3. Limitations: Our study was limited by a small sample size, absence of 
immunological analysis, and limited follow‑up period. Conclusion: MMR vaccine and vitamin D3 
are equally effective and safe treatment option for multiple, recalcitrant warts, as well as warts on 
difficult to treat sites with minimal recurrence.
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wart. Therefore, there exists a need to 
develop an agent, which specifically targets 
the HPV.

Keeping the lacunae of conventional 
therapies in use, immunotherapy has 
emerged as a novel treatment using 
biological substances that modulate the 
immune system to achieve disease control. 
It utilizes various intralesional antigens 
like measles, mumps, and rubella (MMR) 
vaccine, tuberculin purified protein 
derivative (PPD), Bacillus of Clamette and 
Guerin (BCG) vaccine, Mycobacterium 
w (Mw) vaccine, Candida albicans 
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antigen, and so on.[3‑8] Other antigens include cytokines 
and biologically important compounds like vitamin D3. 
The principle of immunotherapy is activation of delayed 
hypersensitivity and humoral immunity response against 
intralesional antigens as well as the viruses causing warts, 
which destroy both locally treated and distant warts while 
also preventing recurrences.[9]

The mechanism of action of MMR vaccine as an 
immunotherapy is by mounting Th1 immune response, 
increase in TNF α, IL‑2, IL‑4, IL‑5, and IFN‑γ as well as 
propogation of delayed hypersensitivity reaction against 
both MMR viral antigens and HPV.[6]

However, Vitamin D3 has multiple mechanism‑like regulation 
of epidermal proliferation and cytokine production. This dual 
action gives it a leverage over other immunotherapies. It 
downregulates IL‑1a, IL‑6, and activates the toll‑like receptor 
of human macrophages, which induce antimicrobial peptide 
formation in injected and distant warts.[10,11]

So far, only two studies have compared vitamin D3 with 
MMR vaccine as immunogens, in which one study was 
conducted by our group in pediatric patients.[12,13] However, 
both studies were limited by the lack of a placebo group. 
Herein, we are expanding our previously published work 
in the pediatric patients and present our observation in 
treating recalcitrant warts in adults. We aimed at comparing 
the efficacy of these two intralesional immunogens against 
a placebo in the management of recalcitrant verruca plana, 
verruca vulgaris, priungual, and palmoplantar warts in 
immune‑competent adults.

Materials and Methods
This prospective randomized comparative and 
placebo‑controlled study was initiated after taking due 
approval from institutional ethical committee and conducted 
between October 2017 and April 2019. Immunocompetent 
adults attending our out‑patients’ department  (OPD) of 
Dermatology, Venereology, and Leprosy were recruited 
for the study from January 2018 to July 2018  [Figure  1]. 

Subjects aged between 18 and 65  years with clinical 
diagnosis of two or more recalcitrant extragenital warts of 
any duration at various sites of the body and not taking 
any concurrent systemic or topical treatment for warts over 
the period of the past 1  month were enrolled. Only those 
patients who had warts not responding to at least two other 
forms of treatment in the past were included.

Patients aged less than 18  years or more than 65  years 
were excluded from the study. Additionally, patients 
presenting with genital warts or both genital and 
extragenital warts, pregnant and lactating women, patients 
with any systemic illness, secondary infections, acute 
febrile illness, those with prior allergic response to any 
component of MMR vaccine or injection vitamin D3 or 
any past history of asthma or allergic skin disorders such as 
generalized eczema or urticaria, past history of meningitis 
or convulsions, iatrogenic or primary immunosuppression 
were excluded from the study, irrespective of their age. 
Additionally, immunocompromised patients  (e.g.,  HIV 
positive patients) or those with keloidal tendencies and 
patients with unpredictable behavior, who cannot be 
followed up, were excluded.

A record of previous treatments received for the warts 
and presence of warts on distant sites  (defined as those 
present on anatomic sites, different from the wart receiving 
intralesional therapy) were also noted.

After explaining about the procedure and taking a 
formal written consent from all participants, the subjects 
were randomly allocated into three groups, namely, 
group  A  (MMR group), group  B  (vitamin D3), and 
group C (normal saline) with 35 patients each.

Sample size for each group was calculated using the 
probability of 90% with a significant result considered at 
5%, giving the sample size to be 25 per group. However, 
we kept the sample size to be 35 per group in order to 
avoid any further reduction in size due to possible drop 
outs.

Randomization
The study was participant blinded and unstratified 
randomization was done using an open list of 
computer‑generated random number chosen by the 
participant. The random number was mentioned on the 
patient’s prescription for further visits.

In Group  A, Measles, Mumps, and Rubella  (MMR) 
vaccine (live) I. P. (freeze‑dried) TRESIVAC® (Manufacturer: 
Serum Institute of India Ltd., Pune, Maharashtra, India) 
was used without any pre‑sensitization testing. The MMR 
vaccine was reconstituted with 0.5  mL distilled water, and 
0.2‑0.3 mL of this solution was injected intralesionally into 
the largest wart.

In Group B, the patients received 0.2‑0.3 mL (600,000 IU; 
15  mg/mL) of intralesional Vitamin D3 or Figure 1: Gantt chart depiction of the timeline of study
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Cholecalciferol  (ARACHITOL‑6L®  (Manufacturer‑Akums 
drugs and pharmaceuticals Ltd.) in the largest wart.

In Group  C, 0.2‑0.3  mL of normal saline was injected at 
the base of the largest wart. In all the groups injections 
were given at 2  weeks intervals with maximum of four 
injections.

In all groups, an injection of 0.1‑0.2 mL Lignocaine (20 mg/mL) 
was given beforehand around the lesion.

Injections were repeated every 2 weeks, in the same wart, 
till a maximum of four injections or till the complete 
clearance of warts, whatever was achieved first. In case, 
only the injected wart cleared after first/second visit itself, 
but distant warts didn’t resolve completely, the next largest 
wart was chosen for subsequent injections. Results were 
assessed after each injection and at follow‑up period of 
third and sixth month. The primary outcome measure was 
complete disappearance of all the lesions, which is said to 
occur when the thickening and hyperkeratosis is no more 
evident and the normal skin markings return.

Assessment of response rates
The responses of injected warts to the treatment were 
graded as: 100% resolution‑complete response  (CR), 
50‑99% reduction in size‑partial response  (PR), and <50% 
reduction in size‑inadequate or no response (NR).

Similarly, the resolution of distant warts was graded as: 
CR  (resolution of all distant warts), PR  (≤99% reduction 
in size and number of distant warts with presence of a 
few residual warts), and NR  (<50% resolution in size or 
number of distant warts was categorized as inadequate 
or no resolution). Persistence of warts beyond 12  weeks 
of completion of therapy was considered to be treatment 
failure.

Statistical analysis
Descriptive statistics was performed by calculating the 
mean and standard deviation for the continuous variables. 
Categorical variables were presented as absolute numbers 
and percentage. Nominal categorical data between the 
groups were compared using Chi‑square goodness‑to‑fit 
test.

The sample size was calculated using 90% 
power  (probability of achieving significant result at 5% 
level), 80% preference rate for vitamin D3  (number of 
samples in each group  25), and a significance level of 
5%. The preference rate for vitamin D3, which is a new 
immunogen, was taken at 80% and a significant level of 
5% was kept.

Chi‑square test was used to investigate whether 
distributions of categorical variables differ from one 
another, and P  value was taken significant when less than 
0.05  (P  <  0.05) and a confidence interval of 95% was 
taken. The χ2‑static follows a χ2 distribution with degrees 

of freedom as (r‑1) x (C‑ 1), where r is the number of rows 
and c is the number of columns in the tabulated date. The 
calculated value was then compared with the theoretical 
value of χ2 distribution for the given degree of freedom to 
obtain the level of significance.

Z‑score was used to compare the sample mean and standard 
deviations of group A, B, and C to estimate the population 
values. The P  value was calculated using the Z score for 
comparison of te baseline characters of the three groups.

Data were entered, checked, and analyzed through Statistical 
package for social science for personal computers v 22.0. 
Chi‑square test and Z scores were calculated wherever 
necessary. P  value  <0.05 was considered statistically 
significant.

Results
Out of a total 105  patients, only 88 completed the 
study  (33  patients in group A, 31 in group  B, and 24 in 
group C). However, the remaining two patients in group A, 
four patients in group  B, and 11  patients in group  C 
discontinued at different times due to different reasons, 
such as failure to follow‑up and low adherence  [Figure 2]. 
Demographic data of the patients has been tabulated in 
Table 1.

In group A, there were 12, seven, 11, and three patients with 
verruca vulgaris  (VV), verruca plana  (VP), palmoplantar 
warts  (PP), and periungual warts  (PU) respectively. 
Similarly, in group  B, 13, nine, eight, and one patient 
had VV, VP, PP, and PU. Also, there were six, eight, and 
10 patients with VV, VP, and PP, in group C.

Patients started showing significant improvement in total 
number and size of warts after first injection itself in 
Group A and B in both injected  [Figures  3-5] as well as 
distant warts. However, only marginal response was seen 
in group  C with no response in any of the distant warts. 
Among the three groups in injected warts, there was 
a higher rate of complete response in Group  A where 
complete clearance was seen in 29  (87.8%) patients, 
partial clearance was seen in two  (6.1%) patients, and 
there was no response in the remaining two  (6.1%) 
patients [Figures 6 and 7]. Similarly, in group B, 24 (77.4%) 
patients, five  (16.1%) patients and two  (6.5%) patients 
showed signs of complete, partial, and no clearance, 
respectively [Figures 8 and 9]. Though the results among the 
two groups were comparable, the difference in response was 
statistically non‑significant  (P  value  =  0.42). Interestingly, 
in group C as well three (12.5%) patients showed complete 
clearance in injected warts. But, after statistical analysis, 
its response was found to be extremely lower compared to 
group A and B (P value = 0.0001) [Table 2 and Figure 4].

In distant warts, there was a higher rate of complete 
response in Group A	 where complete clearance 
was seen in 25  (75.7%) patients, partial clearance in 
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six  (18.2%) patients, and no clearance in two  (6.1%). In 
distant warts in group B, 20 (64.5%) patients, four (12.9%) 
patients and seven  (22.6%) patients displayed signs of 
complete, partial, and no clearance, respectively. None 
of the patients showed any response in distant warts in 
group C [Table 3 and Figure 4].

As far as types of warts were concerned, there was a 
statistically significant difference between the complete 
clearance rate of verruca plana between groups  A and 
B (P value = 0.049). MMR vaccine was found to be superior 
to vitamin D in management of VP  [Table  4]. All other 
types of warts were equally susceptible to both immunogens.

The average number of injections required for clearance 
of injected warts were 2.6 and 2.8 in group  A and B, 
respectively. Similarly, 3.2 and 3.6 injections were required 
for clearance of all  (injected plus distant) warts in group A 
and B, respectively [Figure 5].

In our study, the complete response was significantly more 
among	 subjects with pseudokoebner phenomenon in 
Group A and B. Pseudokoebner phenomenon was present 
in 14  patients in Group  A. Out of which, 13  (92.9%) 
patients had complete response and one  (7.1%) had 
partial response. Similarly, in group  B, 13  patients had 
pseudokoebner phenomenon. Out of these, 10  (76.9%) had 
complete response and three (23.1%) had partial response.

The side‑effect profile of our patients was minimal with 
only tolerable pain in nine (27.3%) patients in group A and 
10 (32.3%) patients in group B. Other side‑effects included 
injection site erythema and swelling in five (15.2%) patients 
each in group  A, and seven  (22.6%) and eight  (25.8%) 
patients in group  B, respectively. One unique side‑effect 
observed only in group  B was injection site pruritus in 
four  (12.9%), which lasted for around 3–4  days before 
resolving on its own. No significant correlation between 
disease duration and treatment response was seen.

In the ensuing 6 months’ follow‑up period, none of the warts 
in patients from Group A showed any recurrence whereas in 
Group B, there were signs of recurrence among distant warts 

Figure 2: Consort flow diagram

Figure 3: A cumulative rate of complete clearance in injected warts versus 
number of visits
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in two (6.5%) patients, who had previously been reported to 
have partial clearance. In group C, out of the three patients 
who had complete clearance in injected warts, two  (8.3%) 
displayed recurrence in their lesions. The treatment failure 
patients in group  C  (n  =  21) after 12  weeks of follow‑up 
were later treated with appropriate immunotherapy as part 
of routine out‑patient department procedures.

Discussion
Due to the suboptimal response of available therapies used 
in treating extragenital warts, their treatment is a frustrating 
battle for clinicians. As none of them is 100% effective, 
the search for novel and efficient therapeutic options is 
still an elusive battle.[4] One of the most frustrating domain 

Table 1: Baseline and demographic characteristics of the subjects among the three groups
Group A (MMR 
vaccine) n=33

Group B (Vitamin 
D3) n=31

Group C (Normal 
saline) n=24

P

Age distribution in years
Range 18‑55 yrs 18‑56 yrs 18‑52 yrs
Mean 31.60±6.94 yrs 33.16±7.81 yrs 33.02±6.28 yrs Group A vs B=0.4

Group A vs C=0.43
Group B vs C=0.94

Gender distribution
Male 19 18 15
Female 14 13 9
Male:female 1.35:1 1.38:1 1.66:1

Duration of warts (in months)
Mean 9.07±6.03 8.37±5.87 9.13±5.91 Group A vs B=0.85

Group A vs C=0.98
Group B vs C=0.83

Mean number of warts
6.23±3.80 6.02±3.16 5.73±3.24 Group A vs B=0.91

Group A vs C=0.88
Group B vs C=0.96

Conclusion The difference between the three groups is statistically non‑significant

Figure 4: Comparison of clearance rate of injected and distant warts in patients in all three groups
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in management of warts is their notorious recurrence due 
to the recrudescence of virus from the surrounding tissue 
reservoir.

Immunotherapy overcomes the limitations of traditional 
ablative therapy by enhancing the body’s own immune 
system to clear the virus‑infected tissue. In this sense, 
they can target lesions situated remotely from the site of 
immunotherapy, making it a preferred option in multiple 
warts, warts on inaccessible or difficult‑to‑treat sites  (like 
sub‑  or periungual region), or in cosmetically sensitive 
areas (facial warts).[3,14‑16]

Both MMR vaccine and vitamin D3 being easily and widely 
available, appear to be promising options. In our study, in 
group A, among injected warts complete response was seen 
in 29  (87.8%) patients. These results were fairly similar 
to the pioneer study conducted by Nofal et  al.[7] who had 
reported complete cure in 57 (81.4%) patients as compared 
with 11 (27.5%) patients in placebo group with intralesional 
MMR vaccine and antigens. However, our results were 
slightly better than Agrawal et  al.[17] who reported 
complete response in 18 of 30  (60%) patients in injected 
warts. However, results similar to ours were reported 
by Mohamad et  al.[18] and Zamanian et  al.[19] separately 
observing complete clearance in 41  (82%) patients and 
18 (75%) patients, respectively.

In group A, as far as distant warts were concerned, complete 
response was seen in 23 (76.7%) patients. Our results were 
slightly better than those observed by Mahajan et al.[20] who 
had evaluated the effect of MMR vaccine in pediatric age 
group and reported 58.7% complete clearance. Recently, 
Chauhan et  al.’s[21] study has reported an impressive 
complete resolution rate of 82.4%. Also, Agrawal et  al.[17] 
has reported complete clearance in 16 (69.5%) patients with 
distant warts. As all three of the above‑mentioned studies, 
similar to ours, have been conducted in India where MMR 
vaccination is part of the vaccine program, the confounding 
factors could be reduced.

In our study four  (12.1%) patients showed complete 
response after first dose itself. This observation was similar 
to Chauhan et al.’s[21] study who had also reported complete 
response in 7.8% (n = 4) patients after first dose.

With consideration to group  B, among injected warts 
complete response was seen in 24  (77.42%) patients and 
in distant warts 20 (64.5%)	 patients showed 
complete response. Unlike MMR, only a handful of studies 
have evaluated the efficacy of vitamin D3 for warts with 
complete response rates ranging from 40% to 90%.[12,13,22‑27] 
Our results are fairly similar with the first published study 
of intralesional vitamin D3 conducted by Aktaş et  al.[22] 
who had also reported complete clearance in 80% patients. 
However, unlike us, they had used a higher dose and 
injected upto five warts.

The forerunner study was followed by Kavya et  al.[23] 
and Raghukumar et  al.[24] who reported 78.57% and 90% 
complete clearance. They had also injected vitamin D3 
in more than one wart. Several studies in the past have 
compared the response of intralesional vitamin D3 against 
other immunotherapies like PPD, candida antigen and 
MMR vaccine.[12‑14,25,26] In their study Singh et  al.[25] had 
compared Vitamin D3 with PPD tuberculin and revealed 
that 72.5% in the former group showed complete response. 
Our response rate was found to be higher than theirs. In 
another comparative saline controlled‑study, similar to 
ours, Kareem et  al.[27] compared vitamin D3 with candida 
antigen where 70% patients showed excellent response.

Figure 5: Number of patients with complete clearance in all warts versus 
number of injections required

Figure 7: (a) multiple verruca plana on face; (b) complete response after 
one dose of MMR vaccine

ba

Figure  6: (a) Multiple verruca vulgaris on bilateral dorsum of hands at 
baseline; (b) complete response after second dose of MMR vaccine

ba
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The importance of placebo in any randomized trial like 
this cannot be overstated. While our previously published 
study was limited by the absence of same  (owing to the 
ethical considerations in pediatric group),[12] we made 
our best efforts to include a control group in this one. 
Concerning the control group  (group  C) using saline, 
complete response was seen only in three (12.5%) patients, 
partial response in five  (20.8%) patients and no response 
in 19  (66.7%) patients. The results clearly demonstrate 
a highly significant difference between the therapeutic 
response of extra genital warts to MMR vaccine and 
vitamin D3 compared with normal saline  (P  <  0.001). 
Similar findings have also been reported by other studies 
that compared intralesional antigen therapy with normal 
saline as the control group.[7,14,17‑19,26‑28]

Although, there is no unanimity on the indication of 
immunotherapy, a review by Thappa et al.[16] has laid down 

the following indications: recalcitrant warts, recurrent 
warts, extensive warts, and warts on difficult‑to‑treat 
area. We found both immunogens to be excellent and 
equally efficaceous for treatment of recalcitrant warts and 
those on difficult‑to‑treat sites, that is. periungual and 
palmoplantar  [Table  4]. However, interestingly we found 
MMR vaccine to be superior to vitamin D3 in management 
of verruca plana.

In the present study, the complete response was significantly 
more among subjects with pseudokoebner phenomenon. 
To the best of our knowledge there is no study published 
showing clinical response to MMR vaccine or vitamin D3 
in cases with presence of pseudokoebner phenomenon. 
This could possibly be explained by the fact that in patients 
with localized recalcitrant warts only the local immune 
response is subdued, whereas the levels of circulating 
antibodies against viral coat proteins are already high.[29] 

Table 2: Comparison of response in injected warts in three groups after four applications
Injected warts Complete reponse Partial response No response Total
Group A (MMR vaccine; n=33) 29 (87.8%) 2 (6.1%) 2 (6.1%) 33 (100%)
Group B (Vitamin D3; n=31) 24 (77.4%) 5 (16.1%) 2 (6.5%) 31 (100%)
Group C (Normal saline; n=24) 3 (12.5%) 5 (20.8%) 16 (66.7%) 24 (100%)
In group A vs B‑ ꭕ2=1.696, P=0.42. Inference‑the response between the two active groups is statistically non‑significant. Group A vs C‑ 
ꭕ2=35.93, P<0.0001, Group B vs C‑ ꭕ2=29.96, P<0.0001. Inference‑the rate of response of both MMR as well as Vitamin D3 against normal 
saline is extremely significant

Table 3: Comparison of response in distant warts in three groups after four applications
Distant warts Complete response Partial response No response Total
Group A (MMR vaccine) 25 (75.7%) 6 (18.2%) 2 (6.1%) 33 (100%)
Group B (Vitamin D3) 20 (64.5%) 4 (12.9%) 7 (22.6%) 31 (100%)
Group C (Normal saline) 0 (0.00%) 0 (0.00%) 24 (100%) 24 (100%)
In group A vs B‑ ꭕ2=3.674, P=0.15. Inference‑the response between the two active groups is statistically non‑significant

Table 4: Complete clearance rate in various type of warts
Type of wart MMR vaccine Vitamin D3 P

Total number of patients Complete responders (%) Total number of patients Complete responders (%)
Verruca vulgaris 12 9 (75%) 13 11 (83.3%) 0.548
Verruca plana 7 5 (71.4%) 9 2 (22.2%) 0.049
Palmoplantar warts 11 9 (81.8%) 8 6 (75%) 0.718
Periungual 3 3 (100%) 1 1 (100%)

Figure 8: (a) Periungual warts; (b) mild response after first dose; (c) complete clearance after four doses of vitamin D3

cba
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Over the course of time, such warts become resistant to 
these immune mechanisms. Because immunotherapy 
also works by eliciting similar immune response, it 
might not hold any added advantage for such patients. 
On the contrary, in individuals with active disseminated 
warts  (pseduokoebnerization) the level of such circulating 
antibodies are low, and employment of immunotherapy 
in them could provide just the right amount of boost in 
immune response required for clearance. Additionally, as 
pseudukoebnerization is seen most commonly in verruca 
plana, such patients in group  A responded better to 
MMR.[30] However, these findings might just be incidental 
and require further exploration.

The side‑effect profile of our patients was minimal with 
only slight pain, erythema, and swelling, all self‑resolving 
in nature. One unique side‑effect observed only in group B 
was injection site pruritus in four  (12.9%) patients which 
lasted for around 3‑4 days before resolving on its own. This 
finding was similar to the study conducted by Abou‑Taleb 
et  al.[26] The possible culprit, for such pruritic reactions in 
case of injection vitamin D3, could be a local inflammatory 
reaction against the arachis oil present in the oil base of 
injection.[31] No flu‑like symptoms, or post‑inflammatory 
pigmentation, or vasovagal attack, the commonly reported 
adverse effects of MMR vaccine in other studies, were 
observed.[18,19,32‑34] Another interesting observation made 
by use was that a majority of patients who had developed 
persistent erythema, swelling, or itching after the first 
injection in both the groups  A and B showed a quicker 
resolution in lesions after first or second dose itself.

Because of the prior use of local anesthetic, most of 
the patients felt no discomfort while administration of 
intralesional therapies in either group. However, lesions 
on finger/toe tips and face were prone to be slightly 
uncomfortable while injecting intralesional vitamin D3 
owing to its oily base.

Our study had some limitations including a small 
sample size, no immunological measurement, and a 

limited follow‑up period. Additionally, the effect of these 
immunogens in anogenital warts was not assessed.

Conclusion
To the best of our knowledge, no placebo‑controlled study 
has been conducted to compare these two immunogens 
together against normal saline. Our findings reinforce the 
fact that both MMR and vitamin D3 are equally effective, 
safe, and tolerable modalities for treatment of recalcitrant 
cutaneous warts with extremely low rates of recurrence. 
However, MMR was found to be superior to vitamin 
D3 in the management of verruca plana. We suggest 
both of them to be employed as a first line treatment for 
multiple, recurrent, recalcitrant warts, and warts located on 
difficult‑to‑treat sites.
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