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Background: Mechanisms triggering the pathogenesis of
chronic spontaneous urticaria (CSU) have been identified as
type I autoallergic (which is associated with IgE antibodies
against autoantigens) and type IIb autoimmune (which is driven
by autoantibodies to FceR1 and/or IgE).

Objective: Our aim was to define presumptive endotypes in
patients with CSU by using tests amenable to use in routine
clinical practice.

Methods: A retrospective analysis of the medical records of 394
patients with CSU with or without chronic inducible urticaria
or angioedema was performed. Patients were assigned to 1 of 4
groups as follows: (1) type I endotype of CSU, if they presented
at least 1 of the following: allergic disease, total IgE level of at
least 40UI/mL, and positive result of skin tests to inhalant
allergen(s), (2) type IIb endotype of CSU, if they presented at
least 1 of following: autoimmune disease, low total IgE level less
than 40 IU/mL, positive autologous serum skin test result,
positive for antinuclear antibodies in a titer of at least 1:160,
and elevated level of anti-thyroid peroxidase, (3) overlap of type
I/type IIb endotypes of CSU, if they presented with at least 1
marker of both type I and type IIb, and (4) non—type I/type IIb
endotype of CSU, if they presented with none of the markers of
type I or type IIb.

Results: The mean age at onset of symptoms was 34 years;
82.2% of those with CSU were female, and angioedema and
chronic inducible urticaria were found in 74.8% and 31.9% of
patients, respectively. Of the patients with CSU, 38% presented
with the type I endotype and 51% presented with type I/type IIb
overlap, whereas 9% presented with the type IIb endotype and
2% presented with the non-type I/type IIb endotype.
Eosinopenia was associated with type IIb and type I/type IIb
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overlap as opposed to the type I and non-type I/type IIb
endotypes (P = .02).

Conclusions: Most patients with CSU presented with features of
the type 1 (autoallergic) endotype, whether associated with type
IIb (autoimmune) endotype or not. (J Allergy Clin Immunol
Global 2023;2:100159.)

Key words: Urticaria, IgE, omalizumab, autoimmunity, chronic
spontaneous urticaria

INTRODUCTION

Recent developments in the pathophysiology of chronic
spontaneous urticaria (CSU) have highlighted the role of
autoimmune mechanisms, and 2 endotypes have emerged: type
I autoallergic CSU, which is associated with IgE antibodies
against autoantigens, and type IIb aiCSU, which is driven by
autoantibodies that activate mast cells, including anti-FceRI and
anti-IgE.' As proposed by the PURIST study, patients with
type IIb autoimmune CSU (aiCSU) should fulfill 3 concomitant
criteria: a positive autologous serum skin test (ASST) result, a
positive result of an immunoassay for IgG anti-FceRI or IgG
anti-IgE, and a positive basophil reactivity test result (basophil
activation test [BAT] result and/or basophil histamine release
assay result).” The results revealed that less than 10% of patients
with CSU were triple-positive, and this was associated with high
disease activity, low total IgE level, and elevated anti—thyroid
peroxidase (anti-TPO) autoantibodies. IgE autoantibodies rele-
vant in CSU include those directed to TPO, IL-24, eosinophil
peroxidase, eosinophil cationic protein, double-stranded DNA,
tissue factor, thyroglobulin, and FceRIL.” Detection of IgE anti-
bodies to autoallergens is not routinely available; therefore, an
increased total IgE level has been considered to be a surrogate
marker for autoallergic CSU. To support this assumption, the
worldwide experience with anti-IgE therapy with omalizumab
since the pivotal study by Maurer et al, which showed high effi-
cacy of omalizumab in antihistamine refractory patients with
CSU, has pointed to a major role of IgE and activation of mast
cells via FceRI-linked pathways in the inception of urticaria.”®
A combination of elevated IgG anti-TPO level and low total
IgE level has been shown to be a suitable way to screen patients
for type IIb aiCSU and was found to be associated with a positive
ASST result, positive BAT result, and other markers of autoim-
mune pathogenesis.” These findings have led to the
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Abbreviations used
aiCSU: Autoimmune chronic spontaneous urticaria
ASST: Autologous serum skin test

BAT: Basophil activation test

CSU: Chronic spontaneous urticaria

TPO: Thyroid peroxidase

recommendation that patients with CSU be assessed for total IgE
level and IgG—anti-TPO level in accordance with the most current
revision and update of the international European Academy of Al-
lergy and Clinical Immunology/Global Asthma and Allergy Eu-
ropean Network/ EuroGuiDerm/Asia Pacific Association of
Asthma, Allergy, and Clinical Immunology urticaria guideline.®
Moreover, the presence of eosinophils in CSU lesions and inter-
actions between mast cells and eosinophils may indicate addi-
tional mechanisms leading to clinical symptoms.g

To investigate endotypes among Brazilian patients with CSU,
we performed a retrospective, descriptive, noninterventional
study, with analysis of medical records of a group of 394 patients
who presented with CSU with or without chronic inducible
urticaria or angioedema. We have proposed criteria to define CSU
endotypes that could be readily available to use in clinical
practice, and we have shown that most Brazilian patients with
CSU presented with the autoallergic presumptive endotype, with
or without features of autoimmunity. For details on the study
methods, please see the Methods section of the Online Repository
(at www.jaci-global.org). The study was approved by the ethics
committee of Ribeirao Preto Medical School Hospital (protocol
no. 82879318.7.0000.5440).

RESULTS AND DISCUSSION

Demographic data were collected, as were the results of
in vivo and in vitro tests performed at our clinic or in central lab-
oratories (see Fig E1 and Table E1 in this article’s Online Re-
pository at www.jaci-global.org). An anti-TPO level of 35
IU/mL or higher was considered high, a total IgE level less
than 40 IU/mL was considered low, and an antinuclear antibody
(ANA) titer of 1:160 titer or higher was considered to be a pos-
itive ANA test result.” ASST was performed as described.'""!
Autoimmune diseases were present in 67 of the patients with
CSU (16.9%), with Hashimoto thyroiditis being the most com-
mon (Fig E2 in this article’s Online Repository at www.jaci-
global.org).

On the basis of the data from a preliminary analysis (described
in detail in the Online Repository at www.jaci-global.org) and
available literature, we categorized patients as having type I
CSU if they presented with at least 1 of the following criteria:
associated allergic disease, total IgE level of 40 UI/mL or higher,
and a positive result of skin tests to inhalant allergen(s). Patients
were categorized as having type ITb CSU if they presented with at
least 1 of these features: autoimmune disease, low total IgE level
(<40 IU/mL), positive ASST result, positive antinuclear antibody
test result (titer of 1:160 or higher), and elevated anti-TPO level.
Patients were categorized as having type I/type IIb overlap CSU if
they presented with at least 1 marker of both type I and type IIb
CSU, and they were categorized as having non-type I/type IIb
CSU if they presented with none of the markers of either type I
or type IIb CSU.
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FIG 1. Endotypes of patients with CSU in the present study.

Our results showed that most of our patients presented with
type I CSU (38%) or type I/type IIb overlap (51%), which are en-
dotypes presumptive of CSU (Fig 1 and Table I). In keeping with
the results of the PURIST study,” only 9% of the patients pre-
sented with the type IIb endotype (Fig | and Table I). Overall, pe-
ripheral blood eosinopenia was found in 16 of 388 patients
(4.1%). Mean eosinophil counts were significantly higher but eo-
sinopenia was more frequent in the type I and type I/type IIb over-
lap groups than in the type IIb and non-type I/type IIb groups
(Table I). No other significant differences were found within the
groups (Table I). To allow for relative risk analysis, we conducted
further evaluation of eosinophils in peripheral blood by grouping
together those patients with type IIb and type I/type IIb overlap
(those presenting with any of the type IIb markers) and type I
and non-type I/type IIb (those who were negative for all type
IIb markers). Eosinopenia was significantly more frequent in
combined type IIb and type I/type IIb overlap (in 14 of 232 pa-
tients [6.03%]) than in combined type I and non-type I/type IIb
(in 2 of 156 patients [1.28%]) (relative risk = 4.70 [95% CI =
1.08-20.42]; Fisher exact test P = .02), suggesting an association
of eosinopenia with features of autoimmunity in patients with
CSU, as reported by Kolkhir et al.'” In addition, eosinophil counts
were lower in combined type IIb and type I/type IIb overlap (mean
eosinophil count = 0.187 =+ 0.170 eosinophils X 10°/L) than in
combined type I and non-type I/type IIb (mean eosinophil count
=0.216 =+ 0.184 eosinophils X 10”/L) (Wilcoxon nonparametric
test P = .04 [data not shown]).

Skin biopsies were performed in 44 patients for diagnostic
purposes. Among the 34 nonvasculitis biopsy samples, histopath-
ologic analysis revealed many eosinophils in 15 (44.1%); few
eosinophils in 10 (29.4%); and lymphocytic, neutrophilic,
lymphohistiocytic and lymphoplasmocytic infiltrates in variable
frequencies, with more than 1 pattern possible.

Our study showed that Brazilian patients with CSU presented
characteristics similar to those from other areas of the world,
including female predominance, age at onset of symptoms between
the third and fourth decades of life, and associated angioedema and
chronic inducible urticaria in two-thirds and one-third of the cases,
respectively. Updosing of second-generation H1 antihistamines
was required for treatment of approximately 70% of our patients,
possibly owing to the tertiary nature of care of our clinic. Most
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TABLE I. Clinical, immunologic,”* and treatment features of patients in the present study with distinct CSU endotypes

Type I/type lIb Non-type
Patients with CSU Type | Type lIb overlap I1/type llb
Parameter (n = 394) n = 151 (38%) n = 35 (9%) n = 201 (51%) n =7 (2%) P value
Age (y), mean (£ SD) 43 (= 16) 42 (£ 16) 46 (= 17) 43 (= 15) 42 (= 22) .67+
Sex
Female, no. (%) 324 (82.2%) 116 (76.8%) 27 (77.1%) 175 (87%) 6 (85.7%) .06%
Male, no. (%) 70 (17.7%) 35 (23.1%) 8 (22.8%) 26 (12.9%) 1 (14.2%)
Age at onset of symptoms (y), 34 (£ 17) 34 (£ 39 (= 21) 33 (£ 16) 44 (= 19) 24+
mean (= SD)
Age at diagnosis (y), mean (£ SD) 40 (= 16) 39 (= 45 (£ 21) 39 (£ 15) 51 (£ 15) i
Presence of angioedema, no. (%) 295 (74.8%) 122 (80.7%) 23 (65.7%) 144 (71.6%) 6 (85.7%) 1%
Presence of CIndU, no. (%) 126 (31.9%) 49 (32.4%) 9 (25.7%) 66 (32.8%) 2 (28.5%) 9%
d-Dimer
High (=500 ng/mL), 40 of 99 (40.4%) 11 of 34 (32.3%) 6 of 10 (60%) 42.5 of 54 (57.4%) 0 of 1 (0%) 351
no. (%)
Mean ng/mL, (£ SD) 605 (*£614) 583 (* 484) 622 (= 389) 623 (= 722) 190 371
Eosinophils
Eosinopenia 16 of 388 (4.1%) 2 of 149 (1.3%) 0 of 35 (0%) 14 of 197 (7.1%) 0 of 7 (0%) 041
(<0.05 X 10°/L),
no. (%)
Eosinophil count X 0.199 (= 0.176) 0.218 (%= 0.186) 0.142 (%= 0.148) 0.195 (= 0.173) 0.171 (= 0.111)  .04§
10°/L (+ SD)

Worsening with NSAIDs, no. (%)

Updosing second-generation H1
antihistamines (2X, 3X, or 4X)

Use of omalizumab, no. (%)

Fast responders to omalizumab,
no. (%)

86 of 357 (24%)
268 of 389 (68.8%)

39 (9.8%)
29 of 39 (74.3%)

35 of 136 (26.4%)
100 of 150 (66.6%)

18 (11.9%)
14 of 18 (77.7%)

6 of 30 (20%)
24 of 35 (68.5%)

42 of 185 (22.7%)
140 of 197 (71%)

3 of 6 (50%) AT
4 of 7 (57.1%) 697

5 (14.5%)
5 of 5 (100%)

16 (7.9%)
10 of 16 (62.5%)

0 (0%) Ali
0 (0%) A6%

Boldface indicates statistical significance.

CIndU, Chronic inducible urticaria; NSAID, nonsteroidal anti-inflammatory drug.
*ASST performed in 61.7% of the patients (243 of 394).

TKruskal-Wallis non-parametric test.

{Fisher exact test.

§After the Dunn test, type I and type I/type IIb overlap were shown to be different from type IIb and non-type I/type IIb.

patients presented with clinical features consistent with a presump-
tive type 1 endotype, associated or not with type IIb endotype.
Several biomarkers have been proposed to characterize severity,
duration, and response to treatment, allowing for endotyping of
patients with CSU; however, some issues remain unresolved,
including the threshold levels for low total IgE level, which vary
in different studies. We chose to use the cutoff of 40 UI/mL based
on previous studies, including the PURIST study by Schoepke
et al.**”' However, other studies showed that in patients with
CSU IgE levels are low when they are less than 20 Ul/mL."*"7
Interestingly, our frequency of type I/type IIb CSU overlap was
similar to that in previous studies, in particular in the study by Asero
etal,'® which is remarkable for testing for the co-occurrence of IgE
and IgG autoantibodies to high- and low-affinity IgE receptors
(FceRI and FceRII), tissue factor, and thyroglobulin in the same pa-
tients. The data revealed that more than 50% of patients had IgE and
IgG to 1 or more of these autoantigens.'® Moreover, the finding of a
low frequency of patients with type IIb only (9%) was consistent
with the findings of other studies, even when additional parameters,
such as BAT result and IgG anti-FceRI level and/or IgG anti-IgE
level determined by ELISA, were used to characterize the autoim-
mune endotype.13

Another important issue that remains unresolved is which
single marker or combination of markers would be more useful
to endotype patients with CSU in a manner allowing for better
clinical management, particularly considering the upcoming
novel treatments beyond anti-IgE therapy.” Up to now there
have been no defined criteria for CSU endotyping that could

be applied worldwide owing to a lack of availability of methods
for measuring CSU-relevant antibodies and basophil activation
tests in many areas of the world. In the present study, our
informed decision to consider the presence of at least 1 marker
sufficient for assigning the patients to each of the presumed en-
dotypes was based on the fact that our criteria had differences
from those proposed in the PURIST study and in other studies.
Response to anti-IgE treatment could be considered an addi-
tional criterion for endotyping. In the present study, 29 of 39
of the patients (74.3%) were fast responders to omalizumab
within 4 weeks of treatment. However, access to omalizumab
in Brazil is limited, and throughout the study period only 39
of 394 patients were taking omalizumab (9.8%), representing
those who were granted access to the medication and not neces-
sarily all of those within the group who would have had an indi-
cation for anti-IgE therapy. Therefore, response to anti-IgE
therapy would be subject to selection bias.

Eosinopenia was less common than previously reported,”'”
perhaps because of higher lifetime exposure to intestinal parasites
in our area. However, skin biopsy samples from selected patients
often revealed eosinophil-rich inflammatory infiltrates.” The
mechanisms of eosinopenia in patients with CSU are still un-
known. It is possible that low blood eosinophil counts may reflect
eosinophils’ recruitment to the skin during active disease, as sug-
gested by Kolkhir et al.”?

Our results suggest an important role for type 2 immune
responses in patients with CSU. Further studies addressing natural
history and response to the various urticaria treatments in these



4 SELLAETAL

well-characterized patients will shed light on the usefulness of
endotyping patients with CSU in clinical practice. Additional
research is needed to identify more specific and consistent
markers in patients with CSU from different populations to
allow for better understanding of the underlying mechanisms
triggering the onset and determining duration of CSU.
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Clinical implications: Most Brazilian patients with CSU pre-
sented with a presumptive autoallergic endotype, with or

without features of autoimmunity. Endotyping CSU by using
routine clinical tests may lead to better prognostication and
optimal treatment choices for individual patients.
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