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Summary

Background Cutaneous warts have a cure rate after therapy of no more than
approximately 50%. Recently, we developed and validated a standard assessment
tool for warts (Cutaneous WARTS diagnostic tool, CWARTS) based on phenotyp-
ical characteristics.
Objectives To assess whether patient and morphological wart characteristics predict
the human papillomavirus (HPV) type in a specific wart and whether these
characteristics as well as the HPV type predict a favourable treatment response.
Methods Photographs were used to score nine morphological wart characteristics
using the newly developed CWARTS tool. Genotyping of 23 wart-associated HPV
types was performed using the hyperkeratotic skin lesion–polymerase chain reac-
tion/multiplex genotyping assay. The results were correlated with a favourable
response to treatment with monochloroacetic acid, cryotherapy or a combination
of cryotherapy and salicylic acid. Odds ratios were calculated using logistic
regression in a generalized estimating equations model.
Results Black dots (capillary thrombosis) strongly predicted the presence of any
HPV type in a wart. From all characteristics tested, the HPV type most strongly
predicted the treatment response when the warts were treated with monochlor-
oacetic acid or a combination of cryotherapy and salicylic acid with a signifi-
cantly decreased treatment response if the warts contained HPVs of the alpha
genus (HPV2, HPV27 or HPV57). When cryotherapy alone was used for com-
mon warts, HPV type did not play a role, but cryotherapy was less effective in
the presence of callus and when the wart was located deeper in the skin.
Conclusions Morphological characteristics of the warts and the HPV genotype influ-
ence treatment outcome and thus potentially influence future treatment decisions
for common and plantar warts.

What’s already known about this topic?

• Cutaneous warts are a major health concern because of their high prevalence.

• Although there are multiple treatment options, cure rate after therapy is no more

than approximately 50%.

What does this study add?

• Predictive characteristics of warts are identified that will improve decision making

regarding therapeutic options.
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Warts are hyperkeratotic papules and plaques induced by

human papillomaviruses (HPVs).1 At present more than 350

HPV genotypes are recognized.2 Clinically, cutaneous warts

are divided into two basic wart types: common warts (all

locations except the soles of the feet) and plantar warts (on

the soles of the feet).

Cutaneous warts are a common ailment in children and

adults with an average prevalence of 3–13%, ranging up to

33% in primary school populations.3–6 Quality of life can be

considerably affected because of physical and psychological

distress.7 A wide variety of treatments are available but are not

very effective.8 Treatment results and HPV distribution differ

between common and plantar warts.8,9 Monochloroacetic acid

(MCA) and cryotherapy are the most effective first-line treat-

ments in common warts, whereas for plantar warts MCA is

most effective.10 Nevertheless, only approximately 50% of

patients are cured when optimal treatment per wart type is

chosen.8,10,11

HPV2, HPV27 and HPV57 of the alpha genus and HPV1 of

the mu genus are the most frequently found HPV types in

cutaneous warts.12 In the past clinical morphological charac-

teristics have been associated with some HPV genotypes.13,14

Egawa found that HPV1 DNA sequences could be detected in

warts with granular intracytoplasmic inclusion bodies, that

punctate keratotic lesions with filamentous intracytoplasmic

inclusion bodies were associated with HPV63 (mu genus) and

that pigmented warts with homogeneous intracytoplasmic

inclusion bodies contained one of the gamma HPVs: HPV4,

HPV60 or HPV65.13 More recently we have found that com-

pared with HPV2-, HPV27- and HPV57-positive warts, HPV1-

containing warts usually occur in children, preferentially on a

plantar surface and with a short duration before presentation

to a physician.12 However, clinical morphological wart charac-

teristics in relation to HPV type, thus far, have not been sys-

tematically investigated.

The HPV type in a wart may influence the treatment

response.15 HPV1-positive warts had a much better response

to treatment with salicylic acid, but also disappeared much

faster with a wait-and-see policy than HPV2-, HPV27- or

HPV57-positive warts.15 In another study, the response to

cryotherapy appeared to be unrelated to HPV genotype.16 Next

to HPV genotype, location and duration of the warts and mor-

phological wart characteristics could also influence treatment

response. In a former study, morphological characteristics of

warts were defined by a group of dermatologists and general

practitioners and validated for inter- and intraobserver agree-

ment. An assessment tool for diagnosing warts – the Cuta-

neous WARTS diagnostic tool (CWARTS tool) – was

developed and was used in this study.17

The purposes of this study were (i) to assess whether

patient and morphological wart characteristics can predict the

HPV type in a specific wart and (ii) to assess whether the

patient characteristics and morphological wart characteristics

as well as the HPV type causing the wart can predict a favour-

able treatment response in common and plantar warts. We

performed a retrospective secondary analysis using pho-

tographs, HPV data and treatment response in a large random-

ized controlled trial (WARTS-2 trial).10 Firstly, characteristics,

as obtained using the CWARTS tool, as well as patient charac-

teristics were analysed for association with HPV genotype.

Then, in the second part of this study we investigated pheno-

typical characteristics and HPV genotype and related them to

treatment response.

Materials and methods

This is a retrospective secondary analysis of a selected subpop-

ulation of the WARTS-2 trial.10 In brief, the WARTS-2 trial

was a multicentre randomized parallel-group superiority trial

to compare the effectiveness of MCA with the most effective

usual treatments, thus in common warts MCA was compared

with cryotherapy and in plantar warts MCA was compared

with a combination of cryotherapy and salicylic acid. For the

treatment with MCA every 2 weeks a saturated concentration

of 76% was used that was applied and subsequently covered

with tape by the general practitioner or practice assistant until

all warts were cured; for cryotherapy every 2 weeks three sub-

sequent freeze–thaw cycles were applied to common warts

and in plantar warts cryotherapy was combined with daily

self-administration of petroleum jelly containing 40% salicylic

acid.10 A favourable treatment response was reached when all

warts were cured at 13 weeks.10

Patients who were immunocompetent with new cutaneous

warts (common or plantar) aged 4 years and older were

recruited from 41 general practices. Common warts were

defined as warts on the hands and all other locations except

the soles of the feet, which were defined as plantar warts.10

More details of the treatment protocol of the WARTS-2 trial

and the outcome assessment have been published previously.10

The study protocol was approved by the medical ethical com-

mittee of the Leiden University Medical Centre and conducted

according to the principles of the Declaration of Helsinki (ver-

sion 2008) and the Medical Research Involving Human Sub-

jects Act.

Photographs were taken by a trained research nurse using

the Dino-Lite digital microscope (AnMo Electronics Corpora-

tion, Hsinchu City, Taiwan), set to a fixed scale of ‘20’ result-

ing in a scale of 5�7 : 1 and using a standard object that

assured a standard camera–wart distance from a selection of

the patients who were included in the WARTS-2 trial. At an

earlier stage, a clinical assessment tool, the CWARTS tool, had

been developed and validated for inter- and intraobserver

agreement by respectively 18 and six physicians with a differ-

ent set of pictures based on the score of nine dichotomized

morphological characteristics: (i) arrangement (confluent/

multiple or solitary); (ii) level (elevated or skin level); (iii)

aspect (rough/lobed or smooth/not lobed); (iv) border (shar-

ply or not sharply circumscribed); (v) colour (lighter/skin

colour/yellow or red); (vi) presence of white skin flakes; (vii)

presence of black dots (capillary thrombosis); (viii) border
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erythema; and (ix) callus.17 In short, inter- and intraobserver

agreement for most characteristics was moderate to strong

with average intraclass correlation coefficients of 0�51 and

0�42, respectively. For the current study, the CWARTS tool

was used by two researchers (S.C.B. and K.E.H.) to score the

photographs of the warts for these nine morphological charac-

teristics and in cases of a different score consensus was

reached. Wart size and wart clearance were assessed by trained

research nurses during home visits.10

In order to assess HPV genotype, swabs were taken and

analysed using the hyperkeratotic skin lesion–polymerase chain

reaction/multiplex genotyping assay (Labo Biomedical Prod-

ucts BV, Rijswijk, the Netherlands). All known cutaneous

wart-associated virus were assessed, that is, wart-associated

HPV types from the alpha (HPV2, 3, 7, 10, 27, 28, 29, 40,

43, 57, 77, 91 and 94), gamma (HPV4, 48, 50, 60, 65, 88

and 95), mu (HPV1 and 63) and nu genera (HPV41). This

sensitive and specific assay has been previously described and

evaluated.18

Morphological differences between wart types – plantar or

common warts – were calculated using two-sided v2-test for
dichotomous variables and Student’s t-test for continuous vari-

ables. The correlations of morphology and patient characteris-

tics with HPV genotype and treatment response were

calculated using a generalized estimating equation (GEE)

model with robust standard errors, thereby correcting the

standard error for possibly incorrect assumptions regarding

the covariance structure in the data, induced by the multiple

measurements in patients, to estimate univariable and multi-

variable odds ratios with all nine morphological characteristics,

age, sex and duration and location of the warts in the model.

Subsequently, stepwise logistic regression with backward elim-

ination was manually performed to identify the factors that

significantly contributed to the model.

The linearity assumption for age and duration of warts was

tested by first centring the variables age and duration of warts

(centring in general decreases the collinearity between, for

example, age and its square) and then entering centred age

and age square or centred duration of warts and duration of

warts square into the GEE model. The quadratic age and quad-

ratic duration of warts were not statistically significant in any

of the GEE models. The linearity assumption was thus not

rejected for age and duration of warts. Data were analysed

with SPSS Version 23�0 (IBM, Armonk, NY, U.S.A.).

Results

In the original trial 415 patients were stratified into a com-

mon wart group and a plantar wart group.10 In total, the orig-

inal study contained 611 common warts and 790 plantar

warts. During the trial 356 warts from 164 patients were pho-

tographed and genotyped for HPV. Photographs of 15 warts

(4�2%), were excluded because of poor photo quality or

because the patients were lost to follow-up (nine warts in five

patients). In total 341 warts could be scored for morphologi-

cal characteristics. For 30 warts no (complete) material was

available for HPV testing, resulting in 311 warts (159

patients) with a complete set of data.

The baseline characteristics of the 159 patients with a com-

plete set of data are shown in Table 1. There were more

female patients included, and this was most prominent in the

plantar wart group. The patients in the common wart group

were somewhat older and the duration of warts somewhat

longer than in the plantar wart group. The number and size

of the warts were evenly distributed among common and

plantar warts and treatment arms.

Table 2 illustrates the morphological wart characteristics

stratified according to common and plantar warts. Most com-

mon and plantar warts were solitary, elevated, rough, sharply

circumscribed with white skin flakes, black dots (capillary

thrombosis) and callus. In a minority of the warts a red colour

or border erythema was present. Compared with common

warts, plantar warts were statistically significantly more often

characterized by a rough surface with white flakes, black dots

and callus. An erythematous border was significantly more

often seen in common warts. The size of the warts, the

arrangement (solitary vs. multiple/confluent) and the sharp-

ness of the border did not significantly differ between com-

mon and plantar warts.

The distribution of the different HPV types among the 159

patients is shown in Table 3.

There were 34 warts in 18 (11�3%) patients with no

detectable HPV DNA in their warts; this occurred more fre-

quently in longer existing common warts in patients who

were aged ≥ 12 years. Altogether 43 warts of 37 (23�3%)
patients contained two or more HPV types. These multiple

types could be present in a single wart or in different warts in

the same patient. HPV2 was detected in 47 warts of 29

(18�2%) patients and was most frequently observed in com-

mon warts of men who were aged ≥ 12 years. HPV27 was

detected in 96 warts of 47 (29�6%) patients and occurred

more frequently in longer existing plantar warts of patients

who were aged ≥ 12 years. HPV57 was detected in 52 warts

of 29 (18�2%) patients and occurred more frequently in

longer existing warts of patients who were aged ≥ 12 years.

HPV1 was detected in 62 warts of 45 (28�3%) patients and

occurred more frequently in shorter existing plantar warts of

patients who were younger than 12 years old.

The morphological characteristics of the 311 warts in rela-

tion to the HPV genotype are presented in Table 4. There

were some statistically significant differences between the

morphological characteristics of wart-like lesions containing

no HPV and warts containing HPV2, HPV27, HPV57 and

HPV1, which are shown in Table 5, Tables S1–5 and Figure S1

(see Supporting Information).

Black dots (capillary thromboses) were highly predictive for

the presence of any HPV. HPV-containing warts also more

often had a sharply defined border. Longer existing warts less

frequently contained HPV DNA (Table 5 and Table S1; see

Supporting Information). HPV2-positive warts were more

common among male patients who had common warts show-

ing erythema at the border of the wart (Table 5 and
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Table S2). HPV27 was more often found in plantar warts

showing white skin flakes (Table 5 and Table S3). HPV57 was

more prevalent in multiple confluent warts without black dots

(Table 5 and Table S4) and HPV1 was more frequently

detected in solitary warts with a smooth aspect, a sharp,

nonerythematous border and black dots (capillary thrombosis)

among younger people (Table 5 and Table S5).

Table 6 and Tables S6–9 (see Supporting Information)

show the most relevant predictive factors for a favourable

treatment response for the three different treatment regimens.

Table 1 Baseline characteristics per wart group and treatment arm restricted to 159 patients with a complete dataset

Common wart groupa Plantar wart groupa

All patients
(n = 159)

Treatment arms Treatment arms

MCA
(n = 34)

Cryotherapy
(n = 39)

All together
(n = 73)

MCA
(n = 40)

Cryo + SA
(n = 46)

All together
(n = 86)

Sex, n (%)
Female 20 (59) 23 (59) 43 (59) 25 (62) 31 (67) 56 (65) 99 (62�3)
Male 14 (41) 16 (41) 30 (41) 15 (38) 15 (33) 30 (35) 60 (37�7)

Age (years), mean � SD

4–11 10�0 � 29�4 13 � 33 23 � 31�5 23 � 57�5 20 � 43�5 43 � 50�0 66 � 41�5
≥ 12 24�0 � 70�6 26 � 67 50 � 68�5 17 � 42�5 26 � 56�5 43 � 50�0 93 � 58�5

Number of warts
Mean � SD 2�9 � 2�5 2�7 � 2�7 2�8 � 2�6 2�6 � 2�5 3�5 � 3�1 3�1 � 2�8 3�0 � 2�7
Median 2�0 2�0 2�0 1�5 2�0 2�0 2�0

Size (mm)

Mean � SD 5�4 � 1�8 5�5 � 1�9 5�4 � 1�9 5�1 � 2�1 5�4 � 2�0 5�3 � 2�1 5�4 � 2�0
Median 5�0 5�0 5�0 5�0 5�0 5�0 5�0

Duration (months), n (%)
0–12 17 (50) 25 (64) 42 (58) 25 (62) 32 (70) 57 (66) 99 (62�3)
13 or more 17 (50) 14 (36) 31 (42) 15 (38) 14 (30) 29 (34) 60 (37�7)

MCA, monochloroacetic acid; Cryo, cryotherapy; SA, salicylic acid. aAs some patients had both common and plantar warts, six plantar warts

of six patients with common warts were treated with cryotherapy and eight common warts of seven patients with plantar warts were treated

with Cryo plus SA.

Table 2 Morphological characteristics of all common and plantar warts for which photographs were available

Characteristic

Common wart

group (n = 143)

Plantar wart

group (n = 168)

All warts

(n = 311)

Size at baseline in mm: mean � SD 4�9 � 2�0 4�9 � 2�0 4�9 � 2�0
Arrangement, solitary, n (%)

(Other lesions: confluent)

116 (81�1) 126 (75�0) 242 (77�8)

Level, elevated, n (%)

(Other lesions: skin level)

116 (81�1) 123 (73�2) 239 (76�8)

Aspect, rough/lobed, n (%)

(Other lesions: smooth/not lobed)

96 (67�1) 159 (94�6)a 255 (82�0)

Border, sharply defined, n (%)

(Other lesions: not sharply defined)

112 (78�3) 121 (72�0) 233 (74�9)

White skin flakes present, n (%)

(Other lesions: no white skin flakes)

97 (67�8) 137 (81�5)a 234 (75�2)

Black dots present, n (%)

(Other lesions: no black dots)

48 (33�6) 120 (71�4)a 168 (54�0)

Red colour, n (%)

(Other lesions: skin or yellow colour)

45 (31�5) 41 (24�4) 86 (27�7)

Border erythema present, n (%)

(Other lesions: no border erythema)

68 (47�6) 24 (14�3)a 92 (29�6)

Callus present, n (%)

(Other lesions: no callus)

68 (47�6) 149 (88�7)a 217 (69�8)

aDifference between common and plantar wart group is statistically significant (P < 0�05).
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Elevated common warts without an erythematous border and

without callus had the best therapeutic results when using

cryotherapy, which therapy was most effective did not depend

on the HPV type that was present in common warts (Table 6).

Combination treatment was more effective in sharply defined

smooth plantar warts, although this was not statistically

Table 3 Distribution of human papillomavirus (HPV) types in 311 warts of 159 patientsa

No HPV
detected

(n = 18)

Alpha species 4
Mu species 1

Other HPVb

(n = 26)

Multiple

HPVc (n = 37)

All patients

(n = 159)

HPV2

(n = 29)

HPV27

(n = 47)

HPV57

(n = 29)

HPV1

(n = 45)

Sex, n (%)

Female 11 (61) 13 (45) 28 (60) 19 (66) 30 (67) 18 (69) 21 (57) 99 (62�3)
Male 7 (39) 16 (55) 19 (40) 10 (35) 15 (33) 8 (31) 16 (43) 60 (37�7)

Age (years), n (%)
4–11 2 (11) 7 (24) 11 (23) 6 (21) 36 (80) 15 (58) 14 (38) 66 (41�5)
12 or older 16 (89) 22 (76) 36 (77) 23 (79) 9 (20) 11 (42) 23 (62) 93 (58�5)

Location, n (%)

Common 13 (72) 19 (66) 16 (34) 14 (48) 16 (36) 11 (42) 17 (46) 76 (47�8)
Plantar 5 (28) 10 (35) 31 (66) 15 (52) 29 (64) 15 (58) 20 (54) 83 (52�2)

Duration (months), n (%)
0–12 6 (33) 19 (66) 21 (45) 12 (41) 37 (82) 19 (73) 18 (49) 99 (62�3)
13 or more 12 (67) 10 (35) 26 (55) 17 (59) 8 (18) 7 (27) 19 (51) 60 (37�7)

aStatistically significant differences are indicated in bold. The patients in each column are compared with the rest of the patients that can be

calculated by subtracting the specific column from the last column, which is representing all patients. bAltogether 26 patients had other HPV

types in 46 different warts. Two patients had two and one patient three of these different types in the same wart or in different warts on the

same person, which is reflected here by the fact that the sum of the HPV types (31) exceeds the number of patients (26). The alpha genus

HPV10 was found in five warts of three patients; the gamma genus HPV4 was found in 20 warts of 11 patients, HPV28 in one wart, HPV65

in 15 warts of nine patients and HPV88 was only found in combination with HPV27 in two warts of one patient; the mu genus HPV63 was

found in four warts of three patients; the nu-genus HPV41 was found in three warts of three patients. The following HPV types were not

found: alpha genus HPV3, HPV7, HPV29, HPV40, HPV43, HPV77, HPV91 and HPV94, and the gamma genus HPV48, HPV50, HPV60 and

HPV95. cThirty-seven patients had more than one different HPV type in the same wart or in different warts on the same person. Out of 29

patients with HPV2 in one or more warts, seven patients also had HPV27; three also had HPV57; two also had HPV1 and none had another

HPV type in their warts. Out of 47 patients with HPV27 in one or more warts, six also had HPV57; four also had HPV1 and three also had

another HPV type in their warts. Out of 29 patients with HPV57 in one or more warts, one also had HPV1 and two also had another HPV

type in their warts. Out of 45 patients with HPV1 in one or more warts, five also had another HPV type in their warts. There were three

patients with three different HPV types in their warts (HPV1, HPV27 and HPV57; HPV1, HPV27 and HPV65; and HPV1, HPV41 and

HPV57) and one patients with four different HPV types (HPV1, HPV4, HPV41, HPV65).

Table 4 Morphological characteristics of 311 warts in relation to the human papillomavirus (HPV) genotypea

No HPV

detected
(n = 34)

Alpha species 4
Mu species 1

Other HPVb

(n = 46)
Multiple HPVc

(n = 43)
All warts
(n = 311)

HPV2
(n = 47)

HPV27
(n = 96)

HPV57
(n = 52)

HPV1
(n = 62)

Arrangement, solitary 29 (85) 39 (83) 68 (71) 31 (60) 56 (90) 36 (78) 32 (74) 242 (77�8)
Level, elevated 24 (71) 35 (75) 73 (76) 40 (77) 51 (82) 35 (76) 31 (72) 239 (76�8)
Aspect, rough/lobed 18 (53) 39 (83) 89 (93) 43 (83) 51 (82) 38 (83) 37 (86) 255 (82�0)
Border, sharply defined 22 (65) 37 (79) 67 (70) 32 (62) 56 (90) 38 (83) 35 (81) 233 (74�9)
White skin flakes

present

17 (50) 38 (81) 84 (88) 43 (83) 44 (71) 27 (59) 33 (77) 234 (75�2)

Black dots present 1 (3) 28 (60) 66 (69) 24 (46) 41 (66) 28 (61) 28 (65) 168 (54�0)
Red colour 9 (27) 18 (38) 26 (27) 11 (21) 22 (36) 10 (22) 16 (37) 86 (27�7)
Border erythema

present

11 (32) 23 (49) 25 (26) 18 (35) 14 (23) 9 (20) 17 (40) 92 (29�6)

Callus present 14 (41) 28 (60) 77 (80) 38 (73) 51 (82) 29 (63) 28 (65) 217 (69�8)

Data are n (%). aStatistically significant differences as calculated by v2-test compared with the rest of the warts and are indicated in bold;
bThe other HPV types are described in the legend of Table 3; c43 warts had more than one different HPV type in the same wart, which is

reflected here by the fact that the sum of the HPV types exceeds the number of warts.
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significant. HPV2- or HPV27-positive plantar warts compared

with warts that contained HPV1 or other HPV types were

much more resistant to treatment with MCA or a combination

of cryotherapy and salicylic acid whereas HPV1-positive plan-

tar warts had a favourable nonsignificant outcome when they

were treated with combination therapy (Table 6).

Discussion

Although the distinction between common and plantar warts

is widely used in clinical practice and research,19 this is the

first study that provides a systematic and standardized

approach to acquire data with a clinical tool based on mor-

phological characteristics to discern the two main wart types.

Our observations demonstrate that plantar warts are more

often characterized by a rough surface with white skin flakes,

black dots and callus compared with common warts.

Also, this is the first study providing systematic data on

clinical appearance in relation to HPV genotype or treatment

response. For some lesions it was possible to predict the HPV

type in a specific wart using the age and sex of the patient,

the location and duration of the wart and nine morphological

Table 5 Potential predictive factors for the presence of different human papillomavirus (HPV) types calculated for 311 warts using a generalized

estimating equation (GEE) model with manual backward eliminationa

Any HPV HPV2 HPV27 HPV57 HPV1

Age (per year) – – – – 0�95 (0�91–0�99)
Male vs. female patients – 2�20 (0�96–5�30) – – –
Duration of warts (months) 0�99 (0�98–1�00) – – – –
Plantar vs. common warts – 0�49 (0�21–1�10) 2�40 (1�20–4�70) – –
Confluent multiple vs. solitary – – – 3�70 (1�80–7�70) 0�35 (0�13–0�90)
Elevated level vs. skin level – – – – –
Rough/lobed vs. smooth – – – – 0�25 (0�08–0�80)
Border sharply defined 3�40 (1�30–9�00) – – – 2�70 (1�00–6�90)
White skin flakes present – – 2�70 (1�30–5�70) – –
Black dots present 37�40 (4�50–309�00) – – 0�49 (0�24–1�00) 2�00 (0�96–4�10)
Red colour of the wart – – – – –
Border erythema present – 1�90 (1�00–3�60) – – 0�48 (0�22–1�00)
Callus present 3�10 (1�30–7�10) – – – 3�90 (1�6–9�60)

Data are odds ratios with 95% confidence intervals. –, not included in the final model. aThe GEE model with manual backward elimination

was performed with all the factors in this Table. Statistically significant differences are indicated in bold.

Table 6 Relevant predictive factors for a favourable treatment response calculated for 311 warts using a generalized estimating equation (GEE)

model with manual backward eliminationa

Common warts Plantar warts

MCA Cryotherapy MCA Cryo + SA

Age (per year) – – – –
Male vs. female – – – –
Duration of the warts (months) 0�99 (0�98–1�00) – – –
Confluent multiple vs. solitary 2�30 (0�90–5�80) – – –
Elevated level vs. skin level – 4�80 (1�10–20�40) – –
Rough/lobed vs. smooth 0�31 (0�08–1�20) – – 0�16 (0�03–1�10)
Border sharply defined – – – 3�40 (0�85–13�60)
White skin flakes present – – – –
Black dots present – – – –
Red colour of the wart – – 4�20 (1�30–13�40) –
Border erythema present – 0�22 (0�05–0�90) – –
Callus present – 0�13 (0�03–0�51) – –
HPV2 – – 0�10 (0�02–0�48) –
HPV27 – – 0�17 (0�04–0�74) 0�03 (0�00–0�15)
HPV57 – – – –
HPV1 – – – 4�90 (0�99–24�10)

Data are odds ratios with 95% confidence intervals. MCA, monochloroacetic acid; Cryo, cryotherapy; SA, salicylic acid; –, not included in the

final model; HPV, human papillomavirus. aThe GEE model with manual backward elimination was performed with all the factors in this

table. Statistically significant differences are indicated in bold.
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wart characteristics. Black dots (capillary thrombosis) strongly

predicted the presence of HPV in a wart and therefore are an

indicator that HPV typing should be performed. However, the

absence of black dots did not guarantee the absence of HPV.

The predictive value for HPV presence of the other charac-

teristics was too small, and for accurate determination of the

HPV type in the wart we relied on HPV DNA genotyping.

Although Jablonska et al. attempted to associate clinical (and

histological) features to HPV type, systematically acquired data

or statistical analyses were not reported.14

For treatment purposes it may be important to know the

HPV type in the wart, because of all the characteristics tested,

the HPV type most strongly predicted the treatment response.

HPV2 and HPV27 of the alpha genus were significantly associ-

ated with a decreased treatment response in the case of the

treatment of plantar warts with MCA or the combination of

cryotherapy and salicylic acid. By contrast, HPV1-positive

plantar warts favourably responded to treatment with a combi-

nation of cryotherapy and salicylic acid. These data confirm

our earlier finding in a separate group of patients showing

that HPV1-positive warts had a much better response to treat-

ment with salicylic acid than HPV2- or HPV27-positive

warts.15

When cryotherapy was used for common warts, HPV type

did not appear to play a role. It seems the response to this

destructive therapy with liquid nitrogen does not depend on

HPV type. This is in line with a trial by Tomson et al. that

showed no correlation between HPV type and treatment

response to cryotherapy.16 Cryotherapy for common warts

was less effective in the presence of callus and when the warts

were located deeper in the skin (nonelevated warts), which

confirms our clinical experience.

This study was a substudy of a large, randomized, con-

trolled trial (WARTS-2 trial).10 With the pragmatic design of

the trial, the single photographer and the closely monitored

follow-up, we were able to create a relatively large dataset of

standardized photographs of common and plantar warts and

related information about treatment response. There was a

high follow-up rate of patients, because we were able to make

use of highly skilled research nurses who did a lot of home

visits during the trial.

A new clinical diagnostic tool for warts, the CWARTS tool,

was developed and validated in an earlier study.17 In the cur-

rent study this tool was implemented. The most predictive

characteristics for the presence of an HPV type, ‘presence of

black dots’, was also the characteristic with the strongest

agreement among the observers. The intraclass coefficients for

inter- and intraobserver agreement were 0�68 and 0�69,
respectively, which implies substantial agreement. The use of

the CWARTS tool makes a head-to-head comparison for future

studies possible.

Besides the discussed advantages, the retrospective nature of

the study had some disadvantages. The original trial random-

ized patients, but we determined morphological characteristics

and HPV genotype in individual warts. This may have intro-

duced some bias, as a single patient could have multiple (up

to six) separate warts with a different morphology and HPV

genotype. In addition, as the original trial did not have a

wait-and-see control arm, we could not analyse the natural

course of the common and plantar warts. For practical reasons

not all patients were photographed, which decreased the

power of our analysis compared with the original trial.

We could only analyse HPV2, HPV27, HPV57 and HPV1,

the most frequently occurring HPV types in common and

plantar warts. The influence of the remaining HPV types on

the treatment response is unknown. However, in a study on

prevalence of HPV genotype in cutaneous warts, HPV1, HPV2,

HPV27 and HPV57 was found in 86% of all HPV-positive

warts. Hence, influence of other wart types is estimated to be

small.12 Additionally, HPV typing was performed from swabs

and not from wart biopsies, which may have increased the

chance of detecting multiple infections.20

In terms of clinical practice, the results from our study

might guide physicians in treatment decisions, for example

warts with black dots may benefit more from MCA treatment

or combinational treatment (salicylic acid and cryotherapy)

compared with monotherapy with cryotherapy. In addition,

based on our findings it might be interesting to develop a fast

HPV test kit to determine HPV type in warts to optimize treat-

ment further and enable personalized medicine (often referred

to as ‘precision medicine’).

In summary, this study shows that reliable morphological

characteristics of warts and HPV genotype influence treatment

response and thus potentially influence future treatment deci-

sions for different common and plantar warts. For the devel-

opment of new wart therapies it may be important or even

essential to take HPV DNA testing into account in order to

determine the most optimal treatment option.
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