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ABSTRACT

Introduction: Nitric–zinc complex solution
(NZCS) is a topically applied solution contain-
ing nitric acid, zinc, copper, and organic acids
that induce a painless caustic effect on ‘‘diffi-
cult-to-treat’’ warts, including palmoplantar
and periungual locations. The objective of the
present prospective clinical study was to
describe the efficacy and tolerability of NZCS in
the treatment of palmoplantar and periungual
warts in children.
Methods: Eligible patients were immunocom-
petent children and adolescents, with at least
one palmoplantar or periungual wart. NZCS was
topically applied every 2 weeks in clinic. Effi-
cacy was recorded by clinical evaluation, and
acceptability assessments were measured using
a visual analogue scale (VAS).
Results: Pediatric patients (N = 12) were
equally distributed by gender, and the mean age

was 9.60 ± 3.34 years. The youngest patient was
4 years old. A total of 31 warts were identified:
24 periungual warts (77.4%), 2 palmar warts
(6.45%), and 5 plantar warts (16.12%). We
observed complete resolution in 83.9% of the
warts treated with NZCS, achieving total cure
considered as therapy success in 87.5% of peri-
ungual warts and 71% of palmoplantar warts,
with a mean of 6.0 treatment sessions. The
esthetic results evaluated by the investigator
were considered excellent in 83.3% of cases and
good in 16.7%. In 100% of the completely
resolved cases, no scars, erythema, hyperpig-
mentation, hypopigmentation, or hypertrophy
in the area surrounding the treated warts were
observed by the investigator. The esthetic
results evaluated by the patients or par-
ents/guardians were excellent. Pain and burning
sensation were minimal and well tolerated. No
clinically relevant adverse events were reported.
Conclusion: NZCS was an effective treatment of
warts in this pediatric population. The
painlessness, simplicity, and twice-monthly
dosing regimen of this treatment represents an
advantage over standard approaches.
Funding: ISDIN.
Trial Registration: Retrospectively registered 6
September 2019, ISRCTN90862249.
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INTRODUCTION

Warts are one of the most common reasons for
dermatology and primary care consults in chil-
dren. Up to one-third of primary schoolchildren
have warts, and an estimated 9.1–21.7% of
dermatology referrals are for cutaneous wart
treatment. Nonetheless, no definitive therapy
to cure and prevent recurrences is available yet
[1]. Several types of treatments, such as kera-
tolytic, cryotherapy, lasers, antimitotic treat-
ments, contact sensitizers, and intralesional
injection of antigens have been used [2–4].
There is no evidence that one treatment is
superior to others, and in many cases the
treatment of viral warts requires a combination
of therapies [1, 5]. The choice of treatment for a
patient should be guided by variables such as
wart size, number of lesions, anatomic site,
patient preference, cost, convenience, adverse
effects, and operator experience. It is important
to highlight that good communication between
the patient, parents, and the dermatologist is an
essential element for successful treatment in
children. Unfortunately, the available treat-
ments can be painful, and they can leave scars
or induce hypo- or hyperpigmentation. Recur-
rence rates of warts in adults after any treatment
range from 6% to 100% [5]. Nitric–zinc complex
solution (NZCS) is a medical device already in
use in adults, which consists of a topically
applied solution of nitric acid, zinc, copper, and
organic acids that induces a painless caustic
effect on ‘‘difficult-to-treat’’ warts, including
palmoplantar and periungual locations [6]. Lit-
tle data was available on the use of NZCS in
children and adolescents in clinical studies;
therefore, the objective of the present study was
to describe the efficacy and tolerability of NZCS
in the treatment of palmoplantar and periun-
gual warts in this population.

METHODS

Patients attending the outpatient dermatology
clinic at Hospital Universitari Son Espases,
Mallorca, Spain, for palmoplantar and periun-
gual warts between 1 March 2018 and 31 August
2018 were prospectively recruited and followed

up. Eligible patients were immunocompetent
children and adolescents, with at least one
palmoplantar or periungual wart suitable for
topical treatment and who had not used any
other topical treatment during the previous
month. Patients’ demographic data and clinical
history, including the number, location and
duration of warts, previous treatments, and
cutaneous or systemic comorbidities, were
recorded.

NZCS, commercially available as Verrutop�

(medical device class II ISDIN Spain), was topi-
cally applied using a 30-lL capillary tube on
each lesion until the wart changed to a yel-
lowish color. Patients received one NZCS
application every 2 weeks, until the wart was
resolved or until the investigator considered
that no further treatment was required.

The efficacy and acceptability assessments
were measured at an appointment 2 weeks after
the last application of NZCS. The evaluation
included wart clearance (fully clear, yes or no),
wart size (measured in millimeters), physician’s
global satisfaction of the treatment (from
0 = none to 3 = excellent, agreement with the
treatment and outcomes), and esthetic results
with a 4-point ordinal scale (from 0 = poor
results, indicating large scars or induration of
treated area, to 4 = excellent cosmetics results,
indicating no scars or pigmentation changes).
Patients indicated the level of pain and burning
sensation during and after treatment (0 = no
pain/burning to 10 = intense pain/burning) and
the esthetic results using a visual analogue scale
(VAS) (0 = unacceptable, with scarring;
100 = excellent, no residual scar).

Statistical Analysis

A descriptive analysis was performed for all
variables. Continuous variables were described
as the number of valid cases, mean, median,
standard deviation, and 25th and 75th per-
centile (P25–P75). Categorical variables were
described for each category as absolute and rel-
ative frequency over the total valid values (N).
All analyses were performed on an intention-to-
treat basis.
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The ethics committee of Son Espases Hospi-
tal in Mallorca, Spain, approved the study on 27
February 2018 (CI-214-18), and the parents or
guardians of each patient provided signed
informed consent for their child’s participation
in the study. The study conformed with the
Helsinki Declaration of 1964, as revised in 2013,
concerning human and animal rights. The
study was retrospectively registered with the
ISRCTN registry, on 6 September 2019, with
study ID ISRCTN90862249.

RESULTS

Patients (N = 12) were equally distributed by
gender (6 girls and 6 boys), and the mean age
was 9.60 ± 3.34 years. The youngest patient was
4 years old, and the oldest was 16 years old.

A total of 31 warts with a mean of 2.5 lesions
per patient were detected (Table 1). In 11 of the
12 patients (91.7%), it was the first episode. The
time from onset of warts to the first visit was
recorded in 10 patients: it ranged from 6.4 to
40.8 months, with a median of 12.6 months.
Eight patients (66.7%) had received previous

treatments that had not resulted in complete
clearance. Three of these patients (25%) had
been treated with cryotherapy, 2 (16.7%) with
salicylic acid, 3 (25%) with combined treat-
ments (cryotherapy plus salicylic acid or sali-
cylic acid plus immunotherapy), and 4 patients
had received no treatment before the first
appointment with the dermatologist. The
number of previous treatments by wart subtype
is described in Table 2. The most frequent
complaints about previous therapy were pain,
with a mean score of 4 ± 5.66 for cryotherapy,
and burning sensation, with a score of
6.50 ± 4.95 for cryotherapy and 6.5 ± 0.71 for
salicylic acid.

We observed complete clearance in 83.9% of
the warts treated with NZCS, achieving therapy
success in 87.5% of periungual warts and 71% of
palmoplantar warts, with a mean of 6.50 ± 3.30
sessions of treatment. There was a partial
response in 16% of the warts after treatment
with NZCS, with a percentage surface reduction
close to 50%. Investigator global satisfaction
was graded as excellent in 25% of the patients
and moderate in 75%.

The esthetic results evaluated by the inves-
tigator were considered excellent in 83.3% of
cases and good in 16.7%. In all of the patients
with complete resolution, no scars, erythema,
hyperpigmentation, hypopigmentation, or
hypertrophic scarring were observed by the

Table 1 Baseline characteristics and NZCS treatment
sessions

Patients N = 12

Sex

Male 6

Female 6

Age, mean ± SD 9.6 ± 3.34

Warts N = 31

Number of warts per patient, mean ± SD 2.58 ± 1.73

Type of wart, n (%)

Periungual 24 (77.4%)

Palmar 2 (6.45%)

Plantar 5 (16.12%)

Number of treatment sessions with NZCS

Mean ± SD 6.5 ± 3.3

Median 6.0

Table 2 Number of previous wart treatments

Number of previous treatments N = 24 (100%)

Periungual warts

0 6 (25%)

1 7 (29.2%)

C 2 11 (45.8%)

Number of previous treatments N = 7 (100%)

Palmoplantar warts

0 0 (0%)

1 6 (85.7%)

C 2 1 (14.3%)
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investigator in the treated and surrounding
areas (Figs. 1 and 2).

The esthetic results evaluated by the patients
or parents/guardians were excellent, with a VAS
score of 89.09 ± 9.70. Pain and burning sensa-
tion were well tolerated, with a score of
0.24 ± 1.14 and 2.49 ± 3.09, respectively, dur-
ing treatment and 0.03 ± 0.22 and 2.05 ± 2.84
after treatment. No clinically relevant adverse
events were reported.

DISCUSSION

Warts are superficial viral infections of the skin
and are very common in children. They are

caused by infection with the human papillo-
mavirus (HPV). Transmission of HPV is very
easy owing to its survival on the skin, fomites,
and surfaces, and it can be transmitted from
person to person and from one area of the body
to another on the same person. Approximately
30% of children develop warts, and they are
more common in those with atopic dermatitis
[7]. Treating palmoplantar and periungual warts
can be challenging. For this reason, a variety of
treatments are used, often in combination.

Therapies for pediatric warts are character-
ized according to six major categories: destruc-
tive (salicylic acid, cryotherapy, cantharidin,
podophyllotoxin, topical retinoids); immune
stimulating (imiquimod, orally administered
cimetidine, squaric acid, diphencyprone,
intralesionally administered candida antigen);
immune modulating (zinc, plerixafor); vascular
destructive (pulsed dye laser); irritant (duct
tape); photodynamic therapy and nitric oxide
releasing [7, 8]. Therapies for children must be
safe and preferably painless; this is very impor-
tant because two-thirds of warts will resolve
without treatment within 2 years [1]. The much
lower scores for pain and burning sensation that
were reported with NZCS use in this study
(mean pain score, 0.24; mean burning score,
2.49) than for previous treatments (mean pain
score of 4 for cryotherapy; mean burning score
of 6.50 for cryotherapy and for salicylic acid)
indicate that this is a more comfortable ap-
proach for children.

Nitric–zinc complex solution is an aqueous
solution, commercially available, containing
organic acids (lactic, oxalic, and acetic acid at
8.6% each), small amounts of metallic ions
(zinc and copper salts), and 65% nitric acid as
the leading compound with a caustic effect that
causes ‘‘mummification’’, protein denaturation,
and coagulation of the wart. NZCS has been
useful in the treatment of palmoplantar and
genital warts in adults, as reported in previous
publications [5, 6, 9, 10]; we are now able to
provide data on its use in a pediatric popula-
tion. The strengths of the study are that it pro-
vides new data on this treatment in a pediatric
population, in a prospective study design; lim-
itations include the small sample size, single-
center design, and absence of a control group,

Fig. 1 An 11-year-old girl during the first session of
treatment with NZCS. Note the change in color of the
treated area. The informed consent included permission to
use images of patients

Fig. 2 The same patient 1 month after the fourth session,
with complete resolution of the warts
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although some data were available on tolera-
bility (pain/burning) in patients who had had
different previous treatments.

In this study we demonstrate the efficacy
and excellent tolerability of NZCS in pediatric
patients with palmoplantar and periungual
warts known as ‘‘difficult-to-treat’’ warts due to
the location, with less pain and discomfort than
previous treatments. According to our results,
NZCS was useful in a pediatric population with
viral warts including cases that had been resis-
tant to previous treatment, from 4 years old.
The painless nature of the technique, the sim-
plicity of administration in the clinic, and the
twice-monthly dosing regimen represent an
advantage over other existing treatments. More
studies are needed to evaluate the rates of
recurrence of viral warts after treatment with
NZCS in children and adolescents as in adults.

CONCLUSIONS

In a pediatric population with palmoplantar
and periungual warts, NZCS resulted in com-
plete wart clearance in 83.9% and had excellent
cosmetic effects, with extremely low discomfort
levels, and represents a good treatment option
for this population.
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Bauzá, Bárbara Alomar Torrens, Marı́a Riutort
Mercant, and Ana Martin-Santiago have noth-
ing to disclose.

Compliance with Ethics Guidelines. The
ethics committee of Son Espases Hospital in
Mallorca, Spain, approved the study on 27
February 2018 (CI-214-18), and the parents or
guardians of each patient provided signed
informed consent for their child’s participation
in the study. The study conformed with the
Helsinki Declaration of 1964, as revised in 2013,
concerning human and animal rights. The
study was retrospectively registered with the
ISRCTN registry, on 6 September 2019, with
study ID ISRCTN90862249.

Data Availability. The datasets generated
and analyzed during the current study are
available from the corresponding author on
reasonable request.

Open Access. This article is distributed
under the terms of the Creative Commons
Attribution-NonCommercial 4.0 International
License (http://creativecommons.org/licenses/
by-nc/4.0/), which permits any non-
commercial use, distribution, and reproduction
in any medium, provided you give appropriate
credit to the original author(s) and the source,
provide a link to the Creative Commons license,
and indicate if changes were made.

REFERENCES

1. Boull C, Groth D. Update: treatment of cutaneous
viral warts in children. Pediatr Dermatol.
2011;28:217–29.

Dermatol Ther (Heidelb) (2019) 9:755–760 759

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


2. Torrelo A. What’s new in the treatment of viral
warts in children. Pediatr Dermatol. 2002;19:191–9.

3. Jakhar D, Kaur I, Misri R. Intralesional vitamin D3
in periungual warts. J Am Acad Dermatol.
2019;80:e111–2.

4. Kimura U, Takeuchi K, Kinoshita A, Takamori K,
Suga Y. Long-pulsed 1064-nm neodymium:yttrium-
aluminum-garnet laser treatment for refractory
warts on hands and feet. J Dermatol.
2014;41:252–7.

5. Ciccarese G, Drago F, Granger C, Parodi A. Efficacy
assessment of a topically applied nitric–zinc com-
plex solution for the treatment of external ano-
genital warts in 100 patients. Dermatol Ther (Hei-
delb). 2019;9:327–35.

6. Cusini M, Micali G, Lacarrubba F, Puviani M, Bar-
cella A, Milani M. Efficacy and tolerability of
nitric–zinc complex in the treatment of external
genital warts and ‘‘difficult-to-treat’’ warts: a ‘‘proof

of concept’’, prospective, multicentre, open study.
G Ital Dermatol Venereol. 2015;150:643–8.

7. Silverberg NB. Pediatric warts: update on interven-
tions. Cutis. 2019;103:26–30, E2–E4.

8. Witchey DJ, Witchey NB, Roth-Kauffman MM,
Kauffman MK. Plantar warts: epidemiology, patho-
physiology, and clinical management. J Am
Osteopath Assoc. 2018;1(118):92–105.
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