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Introduction: The latest international EAACI/GA²LEN/EuroGuiDerm/APAAACI
guideline for urticaria recommends limited laboratory testing for chronic
spontaneous urticaria (CSU) and selective testing for only certain chronic inducible
urticaria (CIndU) subtypes, though the rationale for these recommendations is
poorly explained. This study aimed to improve the understanding of CIndU
subtypes by comprehensively comparing their demographic, clinical, and
laboratory characteristics with those of the better-characterized CSU.
Methods: We conducted a retrospective analysis of 567 patients (median age 41
years, 67% female) diagnosed with CSU, symptomatic dermographism (SD), cold
urticaria (ColdU), cholinergic urticaria (CholU), and delayed pressure urticaria (DPU).
Results: Our findings revealed that patients with SD, ColdU, and CholU had
lower levels of C-reactive protein (CRP), higher total serum immunoglobulin E
(IgE) levels, and higher basophil counts compared to CSU patients. These
subtypes also had distinct demographic and clinical features, such as a
younger age of onset and a longer disease duration. In contrast, patients with
DPU had significantly higher CRP levels and neutrophil counts compared to
those with CSU.
Discussion: These findings highlight the heterogeneity among chronic urticaria
subtypes, suggesting that a tailored approach to laboratory testing may be more
effective. The distinct immunological and clinical features observed in CIndU
subtypes suggest a need for subtype-specific diagnostic and therapeutic guidelines.
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1 Introduction

Chronic urticaria is a common disease with an estimated lifetime prevalence of 4.4%

(1). However, significant challenges remain in its diagnosis and treatment. Chronic

spontaneous urticaria (CSU) is characterized by recurrent wheals, angioedema, or both,

occurring unpredictably and without specific triggers, as seen in chronic inducible

urticaria (CIndU) (2, 3). The estimated point prevalence of CSU (0.02%–2.7%) is
Abbreviations

CholU, cholinergic urticaria; CIndU, chronic inducible urticaria; CIndU-alone, CIndU without concomitant
CSU; 3-CIndUs, three most common CIndU subtypes; ColdU, cold urticaria; ColdUT, typical cold urticaria;
CRP, C-reactive protein; CSU, chronic spontaneous urticaria; CSU-alone, CSU without concomitant CIndU;
DBC, differential blood count; DPU, delayed pressure urticaria; IgE, immunoglobulin E; IgG,
immunoglobulin G; IgG anti-TPO, IgG against thyroid peroxidase; NLR, neutrophil-to-lymphocyte ratio;
PLR, platelet-to-lymphocyte ratio; SD, symptomatic dermographism; sgAH(s), second-generation H1-
antihistamine(s); UCT, Urticaria Control Test.

01 frontiersin.org

http://crossmark.crossref.org/dialog/?doi=10.3389/falgy.2024.1487831&domain=pdf&date_stamp=2020-03-12
mailto:mojca.bizjak@klinika-golnik.si
https://doi.org/10.3389/falgy.2024.1487831
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/falgy.2024.1487831/full
https://www.frontiersin.org/articles/10.3389/falgy.2024.1487831/full
https://www.frontiersin.org/articles/10.3389/falgy.2024.1487831/full
http://orcid.org/0000-0003-2595-468X
http://orcid.org/0000-0002-4701-7374
https://www.frontiersin.org/journals/allergy
https://doi.org/10.3389/falgy.2024.1487831
https://www.frontiersin.org/journals/allergy
https://www.frontiersin.org/


Bizjak and Košnik 10.3389/falgy.2024.1487831
higher than that of the less researched CIndU (0.05%–1.5%) (4).

Both can coexist in the same patient (5, 6). The most prevalent

CIndU subtypes are symptomatic dermographism (SD), cold

urticaria (ColdU), and cholinergic urticaria (CholU) (7, 8).

Delayed pressure urticaria (DPU), an uncommon and poorly

defined form of CIndU, is usually present in combination

with CSU (4).

The pathogenesis of CSU is believed to involve mast

cell degranulation triggered by pathogenic autoreactive

immunoglobulin G (IgG) and/or immunoglobulin E (IgE)

antibodies, complex interplay of mast cells and other skin-resident

and infiltrating cells (e.g., T and B lymphocytes, monocytes,

eosinophils, basophils, and neutrophils), as well as the activation

of coagulation and complement systems (9–12). Autoimmune

(type IIb) CSU, driven by autoreactive IgG against the high-

affinity receptor for IgE (FcϵRI) or IgE itself, is characterized by

poor response to second-generation H1-antihistamines (sgAHs)

and the monoclonal anti-IgE antibody omalizumab. It has also

been associated with other autoimmune diseases, eosinopenia,

basopenia, low total IgE, and elevated IgG against thyroid

peroxidase (IgG anti-TPO) (13). Basic laboratory workup for

CSU, including differential blood count (DBC), C-reactive protein

(CRP), total serum IgE, and IgG anti-TPO, recommended by the

latest international EAACI/GA2LEN/EuroGuiDerm/APAAACI

urticaria guideline, may thus help identify type IIb CSU. In

autoallergic (type I) CSU, mast cells are activated by autoallergens

that crosslink autoreactive IgE antibodies bound to FcϵRI. Type

I CSU has been linked to normal or higher total IgE and a

favorable response to omalizumab (14, 15). Autoallergic (type I)

CSU is believed to be more common than autoimmune (type IIb)

CSU, and growing evidence suggests that these two endotypes

overlap in some patients (4, 16, 17).

MC activation and degranulation, with the subsequent release

of histamine and other inflammatory mediators, is also a key

driver of CIndU skin lesion development (18, 19), but the

activating signals are not yet well defined (4). Autoallergic IgE-

mediated mast cell activation has been suggested in SD, ColdU,

and CholU through passive transfer experiments and/or the

positive effect of omalizumab (4, 18, 20–22). So far, no

autoantigen has been identified in CIndUs. Surface expression

levels of the FcϵRI on mast cells are positively regulated by IgE

(23), and FcϵRI expression has been found to be significantly

higher in CIndU patients compared to healthy controls (24). The

guideline recommends provocation tests for all CIndU subtypes,

but laboratory tests (DBC, CRP) are only suggested as extended

workup in SD and ColdU (2). The rationale for this selective

recommendation is unclear.

CIndUs are long-persisting and challenging to manage diseases

(18). This study aimed to enhance the understanding of the

laboratory, demographic, and clinical features of CIndU subtypes

by comparing them with the better-characterized CSU and with

each other. This included assessing the practical value of

determining automated complete blood count parameters

(leukocytes with DBC, platelets, and erythrocytes) rather than

just DBC in CSU, as well as complete blood count parameters,

CRP, and total IgE in four CIndUs.
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2 Materials and methods

2.1 Study design and population

This retrospective study included 567 unselected patients

attending their initial consultation, aged 17–93 years (median

[IQR]: 41 [30–53] years; 67% female) diagnosed with CSU and

four subtypes of CIndU (SD, ColdU, CholU, and DPU). All

patients were evaluated by the same urticaria specialist at a single

tertiary care center during routine clinical practice. None had

received prior omalizumab treatment. The study was approved by

the Slovenian National Medical Ethics Committee (KME78/09/

14). Informed consent was obtained from all participants. Chronic

urticaria was diagnosed clinically and treated according to the

established international guidelines. Each patient was followed up

for at least three months and instructed to increase the dose of

sgAHs according to the guidelines if needed. Exclusion criteria

included suspected urticarial vasculitis (>48 h wheal duration

and residual ecchymotic pigmentation), bradykinin-mediated

angioedema, and glucocorticoid treatment within 7 days prior to

blood withdrawal. Additionally, irregular uptake of sgAHs was an

exclusion criterion for the analysis of response to these medications.
2.2 Laboratory evaluation

Blood samples were taken during active disease at the first visit,

and the following routine laboratory tests were conducted at Clinic

Golnik: CRP level (n = 549; Cobas 6000, Roche); automated

complete blood count analysis with DBC (n = 567; Sysmex XN

3100, Sysmex); total serum IgE level (n = 288; Immulite 2000Xpi,

Siemens); and IgG anti-TPO (n = 224; Cobas 6000, Roche).

Ratios of neutrophil-to-lymphocyte (NLR) and platelet-to-

lymphocyte (PLR) count were calculated. The cut-off values were

as follows, based on previous studies, ≥5.0 mg/L for high CRP

(25, 26), ≥2.5 for high NLR (27), <1.5 cells × 109 /L for

lymphopenia (26, 28), <0.05 cells × 109 /L for eosinopenia

(26, 29), <0.01 cells × 109 /L for basopenia (26, 29), <40 IU/ml for

low total IgE (26, 30), and >100 IU/ml for high total IgE (31).
2.3 Clinical evaluation

Demographic and clinical parameters were collected. Response

to sgAHs and omalizumab was assessed based on the Urticaria

Control Test (UCT), a four-question patient-reported outcome

measure used to assess disease control in both CSU and CIndU,

with a recall period of four weeks. Controlled and uncontrolled

chronic urticaria were defined as UCT score of 12–16 and 0–11,

respectively (2, 32). Recidivant chronic urticaria was defined as a

complete resolution lasting at least six months (despite exposure

to relevant triggers in CIndU) in patients not receiving therapy,

followed by a subsequent reappearance of signs and symptoms.

Provocation tests on the volar forearm, following protocols

established in 2016 (7), were used to confirm SD, typical ColdU
frontiersin.org
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(ColdUT), and DPU. For assessment of SD, FricTest® was used in

all patients. Local cold provocation tests with an ice cube melting in

a small amount of water and TempTest® were conducted only

when ColdU was suspected based on history. ColdUT was

defined by a positive local cold provocation over the stimulated

area (33). In patients suspected to have DPU based on history,

5 kg rods with a 6.5 cm diameter lowered vertically on the

forearm for 15 min were used. Swellings in DPU were considered

as angioedema. CholU was diagnosed only in non-CSU patients

based on a history of symmetrically distributed, short-lived itchy

papular wheals repetitively induced by elevation of body

temperature through physical activity (in all seasons, not solely

in cold weather) and supported by mandatory photographs.

Pulse-controlled ergometry was not routinely performed in an

outpatient setting for technical reasons.
2.4 Statistical analysis

Data from electronic medical records and patient charts were

collected and analyzed using IBM SPSS software version 25.

Categorical variables, presented with frequencies and percentages,

were analyzed using Fisher’s exact test. The Kolmogorov–Smirnov

test was used to assess normality of numerical variables. Since all

variables were non-normally distributed, they were expressed as

medians and interquartile ranges (IQR), and nonparametric tests
FIGURE 1

Distribution of chronic urticaria types and subtypes. Abbreviations: CholU, c
CIndU-alone, chronic inducible urticaria without concomitant chronic spo
urticaria with negative local cold provocation tests; CSU, chronic spon
concomitant chronic inducible urticaria; DPU, delayed pressure urticaria; SD
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were used. The Mann-Whitney U test was applied to compare two

groups. The Spearman’s rho rank correlation coefficient (r) was

calculated to assess relationships between continuous variables

and interpreted as weak (0.10–0.29), moderate (0.30–0.50), and

strong (>0.50) (34). A p-value of less than 0.05 was considered

statistically significant.
3 Results

3.1 Prevalence of CSU and CIndU subtypes

CSUwasmore common thanCIndU. Females were predominant

in all studied types/subtypes of chronic urticaria, although this

predominance was only marginal in CholU. CSU-alone was

diagnosed in 52% (294/567), CSU combined with CIndU in 10%

(58/567), and CIndU-alone in 38% (215/567) of patients. Among

patients with CSU-alone, 67% (196/294) had both wheals and

angioedema, 28% (83/294) had wheals-alone, and 5% (15/294) had

angioedema-alone (Figure 1). Figure 1 also shows the prevalence

of CIndU subtypes. The three most common CIndU subtypes

(3-CIndUs) were SD, ColdUT, and CholU. DPU was rare. It was

suspected and tested in 85 patients, but confirmed in only 13 of

them. Nine patients had DPU combined with CSU, and four

patients had DPU without CSU.
holinergic urticaria during all seasons; CIndU, chronic inducible urticaria;
ntaneous urticaria; ColdUT, typical cold urticaria; ColdU-neg-LCP, cold
taneous urticaria; CSU-alone, chronic spontaneous urticaria without
, symptomatic dermographism.
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3.2 SD vs. CSU-alone

Patients with SD (n = 103), compared to those with CSU-alone

(n = 294), had lower CRP (p < 0.001), neutrophils (p = 0.001),

NLR (p < 0.001), and PLR (p = 0.002), a lower prevalence of

eosinopenia (p = 0.005) and basopenia (p < 0.001), and higher

basophils (p < 0.001) and total IgE (p = 0.015). SD patients also

had a younger age at evaluation (p < 0.001) and disease onset

(p < 0.001), longer disease duration (p < 0.001), lower rates of

remission and recurrence (p < 0.001), a lower prevalence of skin

angioedema (p < 0.001) and tongue angioedema (p = 0.002),

shorter-lasting wheals (p < 0.001) and angioedema (p = 0.006),

lower usage of glucocorticoids (p < 0.001), and fewer emergency

department visits (p < 0.001). Among SD patients controlled with

sgAHs (88%), 18% required a standard and 29% a 4-fold

daily dose. SD patients less often needed a 4-fold sgAH

dose for disease control compared to CSU-alone patients

(p = 0.003) (Table 1).
3.3 ColduT vs. CSU-alone

Patients with ColdUT (n = 54), compared to those with CSU-

alone (n = 294), had lower CRP (p = 0.037), higher basophils

(p < 0.001), and higher total IgE (p = 0.032). ColdUT patients

also had a younger age at evaluation (p = 0.042) and disease

onset (p < 0.001), longer disease duration (p < 0.001), a lower

prevalence of skin angioedema (p < 0.001), shorter-lasting wheals

and angioedema (p < 0.001 for each), a higher prevalence of

pharyngeal/laryngeal angioedema (p < 0.001), lower usage of

glucocorticoids (p < 0.001), less frequent emergency department

visits (p = 0.004), and a higher association with atopic diseases

(p < 0.001). Among ColdUT patients controlled with sgAHs

(77%), 13% required a standard, while 25% needed a 4-fold

daily dose. ColdUT patients less often needed a 4-fold sgAH

dose for disease control compared to CSU-alone patients

(p = 0.017) (Table 1).
3.4 CholU vs. CSU-alone

Patients with CholU (n = 54), compared to those with

CSU-alone (n = 294), had lower CRP (p < 0.001), neutrophils

(p = 0.038), and NLR (p = 0.005); higher basophils (p = 0.005)

and total IgE (p = 0.044); and a lower prevalence of basopenia

(p = 0.002). CholU patients also had the earliest disease onset

among all five studied chronic urticaria types. Compared to

patients with CSU-alone (n = 294), CholU patients had a younger

age at evaluation (p < 0.001) and disease onset (p < 0.001), longer

disease duration (p < 0.001), lower rates of remission and

recurrence (p = 0.002), a lower prevalence of skin angioedema

(p < 0.001) and tongue angioedema (p = 0.002), shorter-

lasting wheals (p < 0.001) and angioedema (p = 0.008), lower

prevalence of autoimmune diseases (p = 0.041), lower usage of

glucocorticoids (p < 0.001), and fewer emergency department

visits (p = 0.001). Among CholU patients controlled with sgAHs
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(83%), 8% required a standard and 28% a 4-fold daily dose.

CholU patients less often needed a 4-fold sgAH dose for disease

control compared to CSU-alone patients (p = 0.034) (Table 2).
3.5 DPU vs. CSU-alone and other CIndUs

Compared to CSU-alone, DPU showed higher CRP (p = 0.008)

and neutrophils (p = 0.031) and more commonly exhibited high

CRP (p = 0.023). These parameters were also higher in DPU

compared to those in 3-CIndUs. DPU (n = 13) had a higher

female proportion (92%) than CSU-alone and 3-CIndUs. Clinical

features of DPU were more similar to CSU-alone (n = 294) than

3-CIndUs. However, DPU patients, compared to CSU-alone

patients, were more commonly aged 30–39 years at disease onset

(p = 0.028) and had a longer disease duration (p = 0.013), a

higher frequency of angioedema on the upper (p = 0.002) and

lower extremities (p < 0.001), and a higher frequency of painful

joints (31% [4/13] vs. 9% [26/294], p = 0.029). Tongue

angioedema was common in both CSU-alone (14%) and DPU

(15%). Among DPU patients controlled with sgAHs (73%), 63%

required a 4-fold daily dose (Table 2).
3.6 Correlations between laboratory
parameters

Table 3 provides insights into the relationships between

immune blood cells, CRP, and total IgE according to Spearman’s

rho rank correlation coefficients. In CSU-alone patients, several

significant positive correlations were observed: neutrophils with

CRP, lymphocytes, monocytes, and platelets (p < 0.001 for each);

lymphocytes with neutrophils, monocytes, eosinophils, basophils,

and platelets (p < 0.001 for each); and monocytes with

neutrophils (p < 0.001), lymphocytes (p < 0.001), eosinophils

(p = 0.001), basophils (p < 0.001), and platelets (p = 0.019).

Eosinophils were positively correlated with lymphocytes,

monocytes, basophils, and total IgE (p < 0.001 for each), while

basophils showed positive correlations with lymphocytes,

monocytes, eosinophils, and total IgE (p < 0.001 for each) and an

inverse correlation with CRP (p = 0.034). Platelets were positively

correlated with neutrophils (p < 0.001), lymphocytes (p < 0.001),

monocytes (p = 0.019), and CRP (p = 0.008). Additionally,

Table 3 details the correlations between these blood parameters

in four individual CIndU subtypes, highlighting variations across

different forms of chronic urticaria.
3.7 CRP, neutrophil counts, and NLR

Patients with CSU-alone had higher CRP (p < 0.001) and

neutrophils (p = 0.001) compared to SD, higher CRP (p = 0.037)

compared to ColdUT, higher CRP (p < 0.001) and neutrophils

(p = 0.038) compared to CholU, and lower CRP (p = 0.008) and

neutrophils (p = 0.031) compared to DPU (Tables 1, 2). In CSU-

alone, high CRP [24% (68/285)] compared to normal CRP was
frontiersin.org
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TABLE 1 Characteristics of SD and ColdUT compared to CSU.

Parameter CSU
n = 294

SD
n = 103

ColdUT

n = 54
SD vs. CSU
p-value

ColdUT vs. CSU
p-value

Demographics, course
Female gender 194 (66.0) 67 (65.0) 35 (64.8) 0.904 0.877

Age (years) 45.0 (33.0–56.3) 37.0 (26.0–43.0)↓ 39.5 (29.8–51.3)↓ <0.001 0.042

Age at disease onset (years) 42.5 (30.0–55.0) 34.0 (23.0–42.0)↓ 33.0 (19.8–42.8)↓ <0.001 <0.001

Age ≤17 years 7 (2.4) 12 (11.7)↑ 11 (20.4)↑ 0.001 <0.001

Age 18–29 years 60 (20.4) 25 (24.3) 9 (16.7) 0.406 0.583

Age 30–39 years 56 (19.0) 34 (33.0)↑ 16 (29.6) 0.006 0.099

Age 40–59 years 121 (41.2) 28 (27.2)↓ 16 (29.6) 0.013 0.130

Age ≥60 years 50 (17.0) 4 (3.9)↓ 2 (3.7)↓ <0.001 0.011

Disease duration (months) 6.0 (3.0–14.0) 12.0 (6.0–36.0)↑ 24.0 (7.8–111.0)↑ <0.001 <0.001

Recidivant 49 (16.7) 1 (1.0)↓ NA <0.001 NA

Max duration of wheals (h) 24.0 (6.0–24.0), n = 262 0.5 (0.5–1.0)↓ 0.6 (0.5–1.0)↓ <0.001 <0.001

Max duration of angioedema (h) 24.0 (12.0–36.0), n = 205 3.0 (0.8–15.0)↓, n = 6 1.0 (0.5–1.0), n = 14↓ 0.006 <0.001

Angioedema locations
Skin, any location 209 (71.1) 7 (6.8)↓ 17 (31.5)↓ <0.001 <0.001

Face 196 (66.7) 4 (3.9)↓ 9 (16.7)↓ <0.001 <0.001

Upper extremities 60 (20.4) 4 (3.9)↓ 5 (9.3) <0.001 0.058

Lower extremities 61 (20.7) 4 (3.9)↓ 1 (1.9)↓ <0.001 <0.001

Tongue 40 (13.6) 3 (2.9)↓ 6 (11.1) 0.002 0.827

Oropharynx/larynx 1 (0.3) 0 11 (20.4)↑ 1.000 <0.001

Treatment aspects
Uncontrolled despite 4-fold sgAHs 37 (17.9), n = 207 8 (12.5), n = 64 7 (22.6), n = 31 0.345 0.619

Controlled with up to 4-fold sgAHs 170 (82.1), n = 207 56 (87.5), n = 64 24 (77.4), n = 31 0.345 0.619

Standard daily dose sufficient 21 (12.4), n = 170 10 (17.9), n = 56 3 (12.5), n = 24 0.370 1.000

2-fold dose needed 57 (33.5), n = 170 27 (48.2), n = 56 15 (62.5), n = 24↑ 0.056 0.012

3-fold dose needed 5 (2.9), n = 170 3 (5.4), n = 56 0, n = 24 0.413 1.000

4-fold dose needed 87 (51.2), n = 170 16 (28.6), n = 56↓ 6 (25.0), n = 24↓ 0.003 0.017

Emergency department visit 54 (18.4) 0↓ 2 (3.7)↓ <0.001 0.004

Glucocorticoids 63 (21.4) 1 (1.0)↓ 0↓ <0.001 <0.001

Comorbidities
Atopic disease 22 (7.5) 8 (7.8) 19 (35.2)↑ 1.000 <0.001

Autoimmune disease 31 (10.5) 8 (7.8) 3 (5.6) 0.564 0.326

Laboratory characteristics
CRP (mg/L) 1.9 (0.9–4.9), n = 285 1.1 (0.6–2.2), n = 98↓ 1.3 (0.7–3.2)↓ <0.001 0.037

High (≥5 mg/L) 68 (23.9), n = 285 8 (8.2), n = 98↓ 5 (9.3)↓ 0.001 0.018

Neutrophils (×109 /L) 4.34 (3.46–5.38) 3.91 (3.20–4.60)↓ 4.30 (3.47–5.02) 0.001 0.613

NLR 2.36 (1.78–3.17) 1.92 (1.56–2.61)↓ 2.27 (1.65–2.80) <0.001 0.280

High NLR (≥2.5) 129 (43.9) 29 (28.2)↓ 23 (42.6) 0.005 0.883

Lymphocytes (×109 /L) 1.79 (1.49–2.18) 1.93 (1.54–2.38)↑ 1.92 (1.49–2.49) 0.049 0.261

Lymphopenia (<1.5 × 109 /L) 76 (25.9) 22 (21.4) 14 (25.9) 0.426 1.000

Monocytes (×109 /L) 0.46 (0.37–0.59) 0.50 (0.42–0.62) 0.49 (0.39–0.60) 0.103 0.276

Eosinophils (×109 /L) 0.13 (0.07–0.20) 0.15 (0.09–0.22) 0.14 (0.08–0.19) 0.135 0.856

Eosinopenia (<0.05 × 109 /L) 45 (15.3) 5 (4.9)↓ 9 (16.7) 0.005 0.838

Basophils (×109 /L) 0.03 (0.01–0.04) 0.03 (0.02–0.05)↑ 0.04 (0.03–0.05)↑ <0.001 <0.001

Basopenia (<0.01 × 109 /L) 39 (13.3) 1 (1.0)↓ 2 (3.7) <0.001 0.063

Platelets (×109 /L) 262.5 (219.8–302.0) 245.0 (216.0–279.0) 264.5 (228.0–318.5) 0.051 0.294

PLR 143.6 (115.0–175.1) 124.5 (104.3–157.2)↓ 140.8 (113.7–181.5) 0.002 0.893

Erythrocytes (×1012 /L) 4.68 (4.34–4.95) 4.63 (4.37–4.93) 4.69 (4.40–4.93) 0.788 0.793

Total IgE (IU/ml) 61.0 (22.0–127.5), n = 125 83.5 (49.5–281.0), n = 34↑ 98.5 (35.5–229.8), n = 50↑ 0.015 0.032

Low (<40 IU/ml) 50 (40.0), n = 125 7 (20.6), n = 34 15 (30.0), n = 50 0.067 0.231

High (>100 IU/ml) 44 (35.2), n = 125 16 (47.1), n = 34 23 (46.0), n = 50 0.234 0.228

IgG anti-TPO (kU/L) 10.0 (8.0–15.3), n = 162 13.0 (9.0–19.0), n = 15 9.0 (9.0–12.0), n = 11 0.247 0.570

High (≥34 kU/L) 27 (16.7), n = 162 3 (20.0), n = 15 1 (9.1), n = 11 0.722 1.000

Categorical data are reported as n (i.e., number of patients with the outcome) and percentage (i.e., number of patients with the outcome/total number of patients in the group). Numerical data are
reported as median (IQR). If data were not obtained in all patients, patient numbers are displayed as “n”. Fisher’s Exact test was used for categorical variables and the Mann–Whitney U test for

numerical variables. Statistically significant p-values are given in bold. Arrows (↑ and ↓) indicate a significantly higher or lower level/frequency of a parameter in a CIndU subtype compared to CSU.

Abbreviations: ColdUT, typical cold urticaria; CRP, C-reactive protein; CSU, chronic spontaneous urticaria; IgE, serum immunoglobulin E; IgG anti-TPO, immunoglobulin G against thyroid

peroxidase; IQR, interquartile range; NA, not applicable; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SD, symptomatic dermographism; sgAHs, second-generation
H1-antihistamines.
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TABLE 2 Characteristics of CholU and DPU compared to CSU.

Parameter CSU
n = 294

CholU
n= 54

DPU
n = 13

CholU vs. CSU
p-value

DPU vs. CSU
p-value

Demographics, course
Female gender 194 (66.0) 30 (55.6) 12 (92.3) 0.164 0.067

Age (years) 45.0 (33.0–56.3) 30.0 (21.0–38.0)↓ 42.0 (37.0–54.5) <0.001 0.711

Age at disease onset (years) 42.5 (30.0–55.0) 25.5 (19.0–36.3)↓ 37.0 (27.0–46.5) <0.001 0.169

Age ≤17 years 7 (2.4) 11 (20.4)↑ 0 <0.001 1.000

Age 18–29 years 60 (20.4) 22 (40.7)↑ 4 (30.8) 0.003 0.482

Age 30–39 years 56 (19.0) 13 (24.1) 6 (46.2)↑ 0.457 0.028

Age 40–59 years 121 (41.2) 7 (13.0)↓ 3 (23.1) <0.001 0.254

Age ≥60 years 50 (17.0) 1 (1.9)↓ 0 0.002 0.137

Disease duration (months) 6.0 (3.0–14.0) 21.0 (7.0–60.0)↑ 24.0 (6.0–150.0)↑ <0.001 0.013

Recidivant 49 (16.7) 1 (1.9)↓ 1 (7.7) 0.002 1.000

Max duration of wheals (h) 24.0 (6.0–24.0), n = 262 1.0 (0.5–1.0)↓, n = 52 NA <0.001 NA

Max duration of angioedema (h) 24.0 (12.0–36.0), n = 205 2.0 (1.0–24.0)↓, n = 9 24.0 (18.0–48.0) 0.008 0.135

Angioedema locations
Skin, any location 209 (71.1) 10 (18.5)↓ 13 (100) <0.001 0.023

Face 196 (66.7) 8 (14.8)↓ 9 (69.2) <0.001 1.000

Upper extremities 60 (20.4) 1 (1.9)↓ 8 (61.5)↑ <0.001 0.002

Lower extremities 61 (20.7) 3 (5.6)↓ 10 (76.9)↑ 0.007 <0.001

Tongue 40 (13.6) 0↓ 2 (15.4) 0.002 0.694

Oropharynx/larynx 1 (0.3) 1 (1.9) 1 (7.7) 0.287 0.083

Treatment aspects
Uncontrolled despite 4-fold 37 (17.9), n = 207 5 (16.7), n = 30 3 (27.3), n = 11 1.000 0.428

Controlled with up to 4-fold 170 (82.1), n = 207 25 (83.3), n = 30 8 (72.7), n = 11 1.000 0.428

Standard daily dose sufficient 21 (12.4), n = 170 2 (8.0), n = 25 0, n = 8 0.744 0.599

2-fold dose needed 57 (33.5), n = 170 15 (60.0), n = 25↑ 2 (25.0), n = 8 0.014 1.000

3-fold dose needed 5 (2.9), n = 170 1 (4.0), n = 25 1 (12.5), n = 8 0.566 0.244

4-fold dose needed 87 (51.2), n = 170 7 (28.0), n = 25↓ 5 (62.5), n = 8 0.034 0.722

Emergency department visit 54 (18.4) 1 (1.9)↓ 1 (7.7) 0.001 0.476

Glucocorticoids 63 (21.4) 0↓ 1 (7.7) <0.001 0.315

Comorbidities
Atopic disease 22 (7.5) 6 (11.1) 1 (7.7) 0.411 1.000

Autoimmune disease 31 (10.5) 1 (1.9)↓ 1 (7.7) 0.041 1.000

Laboratory characteristics
CRP (mg/L) 1.9 (0.9–4.9), n = 285 0.7 (0.4–1.4), n = 52↓ 6.7 (2.5–10.4)↑ <0.001 0.008

High (≥5 mg/L) 68 (23.9), n = 285 3 (5.8), n = 52↓ 7 (53.8)↑ 0.003 0.023

Neutrophils (×109 /L) 4.34 (3.46–5.38) 3.86 (3.29–4.91)↓ 5.09 (4.63–6.17)↑ 0.038 0.031

NLR 2.36 (1.78–3.17) 1.93 (1.59–2.64)↓ 2.73 (2.36–3.29) 0.005 0.155

High NLR (≥2.5) 129 (43.9) 16 (29.6) 7 (53.8) 0.053 0.573

Lymphocytes (×109 /L) 1.79 (1.49–2.18) 1.87 (1.56–2.26) 1.81 (1.71–2.29) 0.213 0.428

Lymphopenia (<1.5 × 109 /L) 76 (25.9) 11 (20.4) 2 (15.4) 0.494 0.528

Monocytes (×109 /L) 0.46 (0.37–0.59) 0.51 (0.42–0.65)↑ 0.53 (0.39–0.63) 0.037 0.278

Eosinophils (×109 /L) 0.13 (0.07–0.20) 0.13 (0.07–0.18) 0.13 (0.11–0.36) 0.734 0.236

Eosinopenia (<0.05 × 109 /L) 45 (15.3) 4 (7.4) 1 (7.7) 0.141 0.700

Basophils (×109 /L) 0.03 (0.01–0.04) 0.03 (0.02–0.05)↑ 0.02 (0.01–0.05) 0.005 0.660

Basopenia (<0.01 × 109 /L) 39 (13.3) 0↓ 2 (15.4) 0.002 0.687

Platelets (×109 /L) 262.5 (219.8–302.0) 254.5 (224.0–291.0) 283.0 (265.5–299.0) 0.671 0.135

PLR 143.6 (115.0–175.1) 132.3 (108.7–162.5) 147.2 (121.1–187.1) 0.087 0.650

Erythrocytes (×1012 /L) 4.68 (4.34–4.95) 4.78 (4.42–5.10) 4.58 (4.47–4.82) 0.067 0.803

Total IgE (IU/ml) 61.0 (22.0–127.5), n = 125 98.0 (60.5–223.0), n = 17↑ 117.0 (89.5–338.5), n = 5 0.044 0.094

Low (<40 IU/ml) 50 (40.0), n = 125 2 (11.8), n = 17↓ 0, n = 5 0.030 0.156

High (>100 IU/ml) 44 (35.2), n = 125 7 (41.2), n = 17 4 (80.0), n = 5 0.788 0.062

IgG anti-TPO (kU/L) 10.0 (8.0–15.3), n = 162 12.0 (10.3–23.0), n = 10 9.0 (8.0–10.8), n = 8 0.292 0.358

High (≥34 kU/L) 27 (16.7), n = 162 2 (20.0), n = 10 0, n = 8 0.677 0.358

Categorical data are reported as n (i.e., number of patients with the outcome) and percentage (i.e., number of patients with the outcome/total number of patients in the group). Numerical data are
reported as median (IQR). If data were not obtained in all patients, patient numbers are displayed as “n”. Fisher’s Exact test was used for categorical variables and the Mann–Whitney U test for

numerical variables. Statistically significant p-values are given in bold. Arrows (↑ and ↓) indicate a significantly higher or lower level/frequency of a parameter in a CIndU subtype compared to CSU.

Abbreviations: CholU, cholinergic urticaria; CRP, C-reactive protein; CSU, chronic spontaneous urticaria; DPU, delayed pressure urticaria; IgE, serum immunoglobulin E; IgG anti-TPO,

immunoglobulin G against thyroid peroxidase; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; sgAHs, second-generation H1-antihistamines.
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TABLE 3 Spearman’s rho rank correlation coefficients (r) between blood cell counts and CRP within CSU and cIndU subtypes.

CRP
(mg/L)

Neutrophils
(×109 /L)

Lymphocytes
(×109 /L)

Monocytes
(×109 /L)

Eosinophils
(×109 /L)

Basophils
(×109 /L)

Platelets
(×109 /L)

Neutrophils (×109 /L)
CSU n = 294 0.28*** NA 0.23*** 0.29*** . . 0.28***

SD n = 103 . NA 0.22* 0.36*** . . .

ColdUT n = 54 . NA . . −0.35** . 0.32*

CholU n = 54 0.41** NA . 0.31* . . .

DPU n = 13 . NA . . . . .

Lymphocytes (×109 /L)
CSU n = 294 . 0.23*** NA 0.32*** 0.29*** 0.22*** 0.28***

SD n = 103 . 0.22* NA 0.36*** 0.21* . 0.22*

ColdUT n = 54 0.32* . NA 0.29* . . 0.30*

CholU n = 54 . . NA 0.30* 0.38** . .

DPU n = 13 . . NA . . . .

Monocytes (×109 /L)
CSU n = 294 . 0.29*** 0.32*** NA 0.20** 0.25*** 0.14*

SD n = 103 . 0.36*** 0.36*** NA 0.38*** 0.43*** .

ColdUT n = 54 . . 0.29* NA . . .

CholU n = 54 . 0.31* 0.30* NA 0.44** 0.51*** .

DPU n = 13 . . . NA . . .

Eosinophils (×109 /L)
CSU n = 294 . . 0.29*** 0.20** NA 0.42*** .

SD n = 103 . . 0.21* 0.38*** NA 0.44*** .

ColdUT n = 54 . −0.35** . . NA 0.36** .

CholU n = 54 0.28* . 0.38** 0.44** NA 0.34* .

DPU n = 13 . . . . NA . 0.60*

Basophils (×109 /L)
CSU n = 294 −0.13* . 0.22*** 0.25*** 0.42*** NA .

SD n = 103 . . . 0.43*** 0.44*** NA .

ColdUT n = 54 0.30* . . . 0.36** NA 0.27*

CholU n = 54 . . . 0.51*** 0.34* NA 0.33*

DPU n = 13 . . . . . NA .

Platelets (×109 /L)
CSU n = 294 0.16** 0.28*** 0.28*** 0.14* . . NA

SD n = 103 0.23* . 0.22* . . . NA

ColdUT n = 54 0.32* 0.32* 0.30* . . 0.27* NA

CholU n = 54 0.40** . . . . 0.33* NA

DPU n = 13 . . . . 0.60* . NA

Total IgE (IU/ml)
CSU n = 125 −0.18* . . . 0.27** 0.33*** .

SD n = 34 . . . . . . .

ColdUT n = 50 . . 0.30* . 0.31* . .

CholU n = 17 . . . . . . .

DPU n = 5 . . . . . . .

p-values are indicated as follows: *for p < 0.05, **for p < 0.01, ***for p < 0.001, and a dot (.) for p≥ 0.05.

Abbreviations: CholU, cholinergic urticaria; ColdUT, typical cold urticaria; CRP, C-reactive protein; CSU, chronic spontaneous urticaria; CIndU, chronic inducible urticaria; DPU, delayed

pressure urticaria; IgE, serum immunoglobulin E; NA, not applicable; SD, symptomatic dermographism.
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linked to higher neutrophils (median [IQR]: 4.96 [4.19–6.10] vs.

4.15 [3.16–5.18] × 109 /L, p < 0.001), NLR (2.81 [2.13–3.68]

vs. 2.27 [1.70–2.91], p < 0.001), and platelets (278.5 [228.3–315.3]

vs. 254.0 [213.5–294.0] × 109 /L, p = 0.011), as well as a higher

prevalence of painful joints (16% [11/68] vs. 7% [14/217],

p = 0.024) (Supplementary Table S1). In CSU-alone, high NLR

(44% [129/294]) compared to normal NLR was associated with

higher CRP (2.5 [1.0–6.6] vs. 1.7 [0.7–4.0] mg/L, p = 0.011),

lower eosinophils (0.10 [0.05–0.19] vs. 0.16 [0.09–0.22] × 109 /L,

p < 0.001), eosinopenia (23% [30/129] vs. 9% [15/165], p = 0.001),
Frontiers in Allergy 07
and lower basophils (0.02 [0.01–0.04] vs. 0.03 [0.02–0.04] × 109 /L,

p = 0.037) (Supplementary Table S2).
3.8 Features linked to poor response to
treatment in CSU

Patients with uncontrolled CSU-alone despite a 4-fold daily

dose of sgAHs [18% (37/207)] had higher CRP (median [IQR]:

3.9 [0.8–12.0] vs. 1.7 [0.9–4.5] mg/L, p = 0.026), lower eosinophils
frontiersin.org
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(0.10 [0.06–0.16] vs. 0.14 [0.07–0.22] × 109 /L, p = 0.033), lower

basophils (0.01 [0–0.03] vs. 0.03 [0.02–0.04] × 109 /L, p < 0.001),

and a higher frequency of basopenia (38% [14/37] vs. 11%

[18/170], p < 0.001) compared with patients who were controlled

with up to a 4-fold dose [82% (170/207)] (Supplementary Table S3).

Omalizumab was prescribed to 10% (n = 28) of CSU-alone

patients. Nonresponders to omalizumab within 12 weeks [29% (8/

28)] had lower monocytes (0.34 [0.26–0.43] vs. 0.45 [0.35–0.71] ×

109 /L, p = 0.032) and eosinophils (0.10 [0.07–0.11] vs. 0.17 [0.09–

0.24] × 109 /L, p = 0.049), a higher frequency of basopenia (63%

[5/8] vs. 15% [3/20], p = 0.022), and higher PLR (188.6

[161.8–217.9] vs. 144.3 [119.2–165.2], p = 0.006) than patients who

were controlled within 12 weeks (71% [20/28]). Late responders to

omalizumab (by week 12; 45% [9/20]) were more commonly

female (89% [8/9] vs. 36% [4/11], p = 0.028) and had higher CRP

(4.6 [1.6-8.7] vs. 0.9 [0.5–2.2] mg/L, p = 0.044) and monocytes

(0.74 [0.41–0.87] vs. 0.43 [0.33–0.52] × 109 /L, p = 0.020) than early

responders (by week 4; 55% [11/20]) (Supplementary Table S3).
3.9 CSU combined with CIndU vs.
CIndU-alone

Patients with concomitant CSU and CIndU (n = 58), compared to

CIndU-alone patients (n = 215) (Figure 1), were older (median [IQR]:

39.5 [30.8–56.8] vs. 37.0 [26.0–45.0] years, p = 0.009), had a higher

frequency of skin angioedema (48% [28/58] vs. 20% [43/215],

p < 0.001), had a longer maximal duration of skin angioedema (18.0

[6.3–24.0] vs. 1.0 [1.0–5.0] hours, p < 0.001), a higher frequency of

glucocorticoid use (9% [5/58] vs. 0.5% [1/215], p = 0.002) and

omalizumab therapy (14% [8/58] vs. 5% [10/215], p = 0.031), lower

basophils (0.03 [0.02–0.05] vs. 0.05 [0.03–0.06] × 109 /L, p = 0.021),

and higher CRP (2.70 [0.70–7.70] vs. 1.0 [0.6–2.3] mg/L, p < 0.001).
4 Discussion

This study examined a large cohort of 567 patients and

identified significant differences in demographic, clinical, and

laboratory parameters between four CIndU subtypes and CSU,

which have the potential to enhance our understanding of

chronic urticaria and guide future studies.

Our findings are consistent with previous research on

demographic features: CIndU is less prevalent than CSU (4); SD is

the most common CIndU subtype (6, 8); both CIndU and CSU are

more prevalent in females (35); patients with 3-CIndUs are

younger and have a later disease onset than those with CSU (4);

CIndUs tend to have a longer duration before evaluation (36),

possibly due to a perception of lesser severity leading to delayed

specialist referrals; and individual wheals in 3-CIndUs are shorter

lasting than in CSU (4, 36).

The recurrence rate for CSU in our study (17%) is comparable

to the 21% observed by Toubi and Vadasz (37). We also confirmed

that concomitant CSU and CIndU, compared to CIndU alone, are

associated with older age, more frequent skin angioedema, and

increased glucocorticoid use (6).
Frontiers in Allergy 08
Our study supports current knowledge that in CSU,

angioedema most commonly affects the face, less frequently the

tongue, and rarely the oropharynx or larynx (38). Involvement of

the oropharynx or larynx is more common in ColdUT, as

previously described (39).

Complex correlations between blood leukocyte types in CSU, and

to a lesser extent in CIndUs, suggest different immunological profiles.

These correlations are difficult to interpret as many may not be

specific to CSU. Nonetheless, they support the role of cellular

infiltrates in CSU pathology (10). This contrasts with the minimal

perivascular infiltrate seen in most CIndUs, except for DPU, where

eosinophilic infiltration is noted (19). Neutrophil infiltration in

CSU wheals during early phases may contribute to its pathogenesis,

with prominent infiltration linked to therapy resistance (10).

NLR and CRP, markers of systemic inflammatory response

(40), were elevated in CSU and DPU but not in 3-CIndUs,

reinforcing the understanding of CSU as an immune-mediated

chronic, systemic inflammatory disease (41, 42). DPU had even

higher CRP levels compared to CSU and 3-CIndUs. High NLR

(≥2.5) indicates chronic low-grade systemic inflammation (43).

In our study, it was associated with higher CRP, lower

eosinophils and eosinopenia, and lower basophils, but not

basopenia. This suggests that the observed eosinopenia may be

linked to systemic inflammation. Higher NLR and neutrophils

have been associated with a lower remission rate in pediatric

CSU patients (44), and some studies (40, 45, 46), but not all

(47), have reported a decline in NLR with omalizumab treatment.

High CRP levels have been previously reported in CSU

(25, 48, 49). CRP elevation may result from mast cell activation

and subsequent inflammation (50). However, CRP is nonspecific

and can be elevated in various diseases, including chronic

infections and autoimmune disorders often seen with CSU (49),

though levels are generally lower in CSU (51). Our study found

high CRP in 24% of CSU patients, compared to 31% reported by

Kolkhir et al. (25) using the same cutoff. Both studies found

comparable median CRP levels in patients with high CRP;

positive correlations between CRP, neutrophils, and platelets; an

inverse correlation between CRP and basophils; a link between

high CRP and higher neutrophils and platelets; and higher CRP

levels in non-responders to sgAHs.

Our results highlight the challenge of effectively managing

chronic urticaria with sgAHs. Standard-dose sgAHs controlled

only 12% of CSU patients, lower than the 39% reported in a

meta-analysis (52). Similarly, only 8%–18% of 3-CIndUs patients

were controlled with standard doses. A fourfold daily sgAH dose

was significantly more often needed for control in CSU than 3-

CIndUs. Many CSU patients also visited emergency departments.

Consistent with previous reports, poor response to sgAHs in

CSU was linked to lower eosinophils, and poor response to

omalizumab was associated with lower eosinophils and basopenia

(29). In our CSU patients, poor response to omalizumab was

also linked to lower monocytes and higher PLR, which, to the

best of our knowledge, is a novel finding.

The prevalence of autoimmune diseases in our CSU patients

(11%) is higher than in the general population (≤1%), consistent
with a systematic review (53). A genome-wide association study
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found a genetic overlap between CSU and autoimmune diseases, but

not atopic diseases (54). The latter were also uncommon in our CSU

patients. We found a higher prevalence of atopic diseases in ColdUT

and high total IgE (35% and 46%, respectively) compared to

Neittaanmäki (25% and 30%, respectively) (55). The link between

atopy and ColdU remains unclear (56). It is also believed that

atopic predisposition and CholU are associated (57), but only 11%

of CholU patients in our study had atopic diseases.

This study benefits from a large sample size and evaluation by a

single physician, which ensures data consistency but may introduce

bias. Additional limitations include the retrospective design,

potential inaccuracies in automated blood count analysis, and the

lack of age- and sex-matched healthy controls. The absence of

pulse-controlled ergometry for CholU diagnosis and the small

number of patients treated with omalizumab further limit

generalizability and statistical power. The interpretation of higher

total IgE levels in 3-CIndUs compared to CSU should be

approached with caution due to potential variability related to atopic

conditions, gender, and age (58), which were not precisely analyzed.

Our study offers new insights into the immunological and

clinical heterogeneity of chronic urticaria and highlights the need

for subtype-specific urticaria guidelines, particularly for CIndUs,

to address the unique challenges in managing these conditions.
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