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Basophil testing is the most effective single approach for diagnosing type-IIb autoimmune
chronic spontaneous urticaria (TIIbaiCSU). A positive basophil test has been linked to long
disease duration, higher disease activity, a poor response to antihistamines and
omalizumab, and a better response to cyclosporine and fenebrutinib. As of now it is
unclear what other features are connected to a positive basophil test in chronic
spontaneous urticaria (CSU). We aimed to identify features of basophil test-positive
CSU patients. We performed a cross-sectional study of 85 CSU patients. Basophil
testing was done with the basophil activation test (BAT) and the basophil histamine
release assay (BHRA). Data were analysed using SPSS: Student’s t-test, Chi-square test,
Odds Ratio, Spearman’s correlation test. Of 85 CSU patients, 44% and 28% tested
positive with the BAT and BHRA, respectively. These patients showed higher disease
activity and impact, lower levels of disease control and total serum IgE, as well as higher
rates of having a positive autologous serum skin test (ASST), angioedema, nocturnal
symptoms, symptoms for >5 days/week, and thyroid autoantibodies. The ASST, by itself,
was not a good predictor of basophil test results, but it predicted a positive basophil test in
up to 100% of cases when combined with angioedema, thyroid autoantibodies or low IgE.
In conclusion, a positive basophil test is linked to known features of TIIbaiCSU and novel
characteristics including nocturnal symptoms. Further studies on basophil test-positive
and -negative CSU patients can help to better understand CSU endotypes and to develop
better management approaches.

Keywords: angioedema, autologous serum skin test (ASST), basophil activation test (BAT), basophil histamine
release test, chronic spontaneous urticaria (CSU), anti-thyroperoxidase (anti-TPO), IgE (immunoglobulin E)
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INTRODUCTION

Chronic spontaneous urticaria (CSU) is a common and
debilitating disease, affecting adults and children, with a
marked impact on patients’ quality of life (1–5). It is defined
by the spontaneous appearance of transient itchy wheals (hives),
angioedema, or both for more than 6 weeks (1–6). Recent
advances have characterized CSU as an autoantibody-driven
disease, where mast cells and basophils in the skin are
activated through two distinct pathways (4, 5).

In type I autoimmune CSU (TIaiCSU, also called autoallergic
CSU), IgE autoantibodies are cross-linked by self-antigens, for
example thyroid peroxidase or interleukin 24 (2–5). In type IIb
autoimmune CSU (TIIbaiCSU), IgG and IgM autoantibodies are
directed against IgE receptors (or IgE itself) on the surface of
mast cells and basophils (1–7).

In clinical practice, it is important to know if a patient has
TIIbaiCSU, as TIaiCSU and TIIbaiCSU present distinct
phenotypes. Patients with TIIbaiCSU have been shown to have
an increased risk of developing other autoimmune diseases, of
failing antihistamine and omalizumab treatment, and of having a
better response to cyclosporine and fenebrutinib (8–11). They
have also been linked to higher disease activity and impact,
making effective treatment both critical and challenging. The
identification of further characteristics that characterize both
subgroups is still a matter of ongoing research (4).

TIIbaiCSU is diagnosed by the combination of three tests, i.e.
the autologous serum skin test (ASST), the basophil activation
test (BAT) or the basophil histamine release assay (BHRA), and
an ELISA or Western Blot-based autoantibody assay (1). Testing
of all CSU patients for TIIBaiCSU with these three test is difficult,
for several reasons, including their availability and the high and
increasing prevalence of CSU, of up to 1.4% (12).

Basophil testing, with the BAT or the BHRA, is the single best
diagnostic test for TIIbaiCSU. The recent PURIST study found
that the BAT and the BHRA were 69% and 88% predictive of
TIIbaiCSU, respectively (4). In addition, several reports show
that the BAT/BHRA alone can identify patients with higher
disease activity, longer disease duration, and poorer response to
omalizumab (1, 9, 13, 14). In contrast, the ASST, initially thought
off as a good, inexpensive, globally available marker of
TIIbaiCSU, is only 27% predictive of TIIbaiCSU (4). Moreover,
the ASST is influenced by the intake of antihistamines (the first-
line treatment and a treatment difficult to interrupt in patients
with severe urticaria), it does not give a quantifiable result, and
handling of biologic samples requires exceptional care, as
reinjecting patients’ sera has important safety requirements (15).

Basophil testing of patients with CSU is performed at many
urticaria centers of reference and excellence [UCAREs (16)] and
by a limited number of commercial vendors. Finding ways of
Abbreviations: CSU, Chronic spontaneous urticaria; BAT, basophil activation
test; BHRA, basophil histamine release assay; ASST, autologous serum skin test;
UAS 7, urticaria activity score 7; DLQI, dermatology life quality index; UCT,
urticaria control test; anti-TPO, anti-thyroperoxidase autoantibody; anti-Tg, anti-
thyroglobulin autoantibody; TIaiCSU, type I autoimmune CSU; TIIbaiCSU, type
IIb autoimmune CSU; ANA, antinuclear antibody; anti-ds-DNA, anti-double
stranded DNA antibody; TsIgE, total serum IgE.
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selecting patients who benefit the most from performing
TIIbaiCSU tests are needed; as diagnosing CSU patients with
TIIbaiCSU has real implications for the patient and
the physician.

The present CORSA (component-resolved screening for
autoimmune chronic spontaneous urticaria) study has two
main objectives: 1) to confirm known and identify as of yet
unknown features of BAT/BHRA-positive CSU patients, 2) to
identify combinations of clinical and laboratory markers of CSU
patients that can help to guide patient selection for
basophil testing.
MATERIALS AND METHODS

Patient Selection and Study Conduct
We performed a cross-sectional, single-centre study of 85
patients with CSU with daily symptoms. Patients were
evaluated during a 1-year follow-up to evaluate the therapy
needed to achieve CSU control. Patients were considered
eligible if they had active CSU, and if they were not, nor had
ever been, on omalizumab or cyclosporine. Patients were
excluded if they had not performed all 3 of the following: the
ASST, the BAT and the BHRA.

The CORSA study was approved by the corresponding ethics
committee: Comissão de Et́ica do Centro Hospitalar Universitaŕio
Lisboa Norte e Centro Acadeḿico Med́ico de Lisboa (Ethics
Committee authorization references 129/17 and 339/19). The
study was conducted according to the Declaration of Helsinki,
Good Clinical Practice and local regulations. All patients
provided written informed consent.

Clinical Assessment of Patients
Data collected included: 1) date of CSU onset, 2) CSU duration,
3) presence of angioedema, 4) hives duration, 5) number of
symptomatic days per week, 6) therapy necessary to achieve
control (evaluated 12 months after patient enrolment),
7) presence of comorbid autoimmune diseases, 8) CSU activity
as assessed with the Urticaria Activity Score 7 [UAS7 (9, 17)]
CSU impact, evaluated with the Dermatology Life Quality Index
[DLQI (18, 19)], and (8) CSU control per the Urticaria Control
Test [UCT (20)]. The DLQI and UCT questionnaires were filled
on the day of the ASST, and the UAS7 was calculated for the
week prior to the ASST.

The ASST and BAT were performed according to clinical
practice, and not for the purposes of the study. The BHRA was
performed for this study from surplus serum collected from
the patients.

Additional Measurements
Additional assessments included patient age, gender, total serum
IgE, C3, C4, CH50, thyroid-stimulating hormone, free T4,
thyroid auto-antibodies (anti-Tg and anti-TPO), ANA, anti-
dsDNA, complete blood count, C-reactive protein, erythrocyte
sedimentation rate, protein electrophoresis, immunoglobulins,
liver and kidney function.
September 2021 | Volume 12 | Article 742470
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Patient history information was collected on a first visit to our
urticaria outpatient clinic at our Immunoallergology
Department. A second visit was scheduled within one month
of the first visit. Patients were instructed to stop any
antihistamine medication for 5 days and any systemic
corticosteroids for at least 2 weeks prior to their second visit.
On their second visit, venous blood was drawn to perform the
ASST. The same blood was used to perform the BAT, the BHRA
and the remaining blood tests. The UAS7, DLQI and UCT were
collected on their second visit as well.

The Autologous Serum Skin Test (ASST)
The ASST was performed as previously reported (15, 21, 22).
Venous blood was collected on the day of the test, centrifuged
and the serum was used to perform the ASST (the same serum was
also used to perform the BAT and BHRA). An intradermal test was
performed, by injecting 50 μl of serum with an insulin needle and
reading after 30minutes. The test was considered positive when the
diameter of the serum induced wheal was ≥1.5mm larger than that
induced by saline and erythema was present.

The Basophil Activation Test (BAT)
The BAT was carried out by the Laboratory of Clinical
Immunology, Faculdade de Medicina, Instituto de Medicina
Molecular, Universidade de Lisboa, Lisbon, Portugal. The serum
from the patientswas exposed toheat complement-inactivation, for
30 minutes, before being tested at dilutions of 1:1, 1:5, 1:10. A
positive control with N-formyl-L-methionyl-L-leucyl-
phenylalanine (fMLP) and anti-FcϵRI, and a negative control
with saline solution (NaCl 0,9%), were used. IL-3 (stimulation
buffer) and donor basophils were added to each tube, and double
staining was performed with anti-CCR3-PE and anti-CD63-FITC
monoclonal antibodies (Bühlmann, Switzerland) and incubated at
37°C for 15 minutes. Afterwards, erythrocytes were lysed for 10
minutes, and then the samples were washed (PBS buffer) and
resuspended with the same solution. Data acquisition was
performed by flow cytometry FACSCalibur (Becton-Dickinson
Immunocytometry System, CA). The basophil population was
identified as CCR3+ cells, and basophil activation was expressed
as a proportion of CD63+ basophils corrected for the negative
control and as a ratio of CD63 (%) of activated cells and negative
control – stimulation index (SI). Data analysis was performed by
Flow Jo (TreeStar, Ashland, or USA). Each serum was tested with
basophils from three donors and the results were considered
positive when there was a basophil activation percentage ≥ 5%
activation, in response to the 1:1 serum dilution, and a stimulation
index (SI) ≥2 in the basophils of at least one donor.

The Basophil Histamine Release
Assay (BHRA)
TheBHRAwas carried out byRefLabApS,Copenhagen,Denmark.
Four buffy coats (obtained from the Danish National Hospital;
Rigshospitalet, Copenhagen, Denmark), containing healthy donor
basophils, were stored at 2-8°C overnight with IL-3 in a final
concentration of 1 ng/ml. Buffy coats were washed in saline the
following day and surface IgE was partially removed using a
stripping buffer (pH 3.6, RefLab, Copenhagen, Denmark) before
Frontiers in Immunology | www.frontiersin.org 3
the cells were resuspended in Pipes buffer (RefLab, Copenhagen,
Denmark). Stripped buffy coats were incubated at 37°C for 60 min
with 20% patient serum and supernatants were then extracted for
histamine quantification in the histamine release (HR) assay: Glass
fiber-coated microtiter plates were loaded with 25 μl of each
supernatant and incubated for 1 hour before histamine was
measured using the ortho-phthaldialdehyde method and a highly
sensitive fluorometer (Histareader 501, RefLab, Copenhagen,
Denmark) according to RefLab instructions. The total histamine
contentwas determinedby lysing the basophils using 7%perchloric
acid, and the histamine release was expressed as a percentage of the
total. A response >16.5% of the spontaneous release was
considered positive.

Statistical Analysis
Data were analysed using SPSS software version 22.0 (IBM
Corporation, New York, USA). Laboratory and clinical data of
patients were compared using students t-test for numerical data
and chi-square test and odds ratio test for categorical data.
Correlation between variables was calculated using the
Spearman’s correlation test.

The characteristics identified by the chi-square and student
tests were used and combined to identify basophil test positive
patients. For this analysis, we calculated the values of sensitivity,
specificity, positive and negative predictive values for our sample.

Based on the data results, a decision tree was built using the
CHAID algorithm (qui-squared automatic interaction detection)
to enhance the ability to identify basophil test positive patients.
The sensitivity, specificity, positive and negative predictive values
were also calculated for these results.

In case of missing data, cases were excluded analysis by
analysis, recalculating the N for the existing values. Results
were reported as significant when the p was less than 0.05.
RESULTS

The BAT, BHRA, or Both Are Positive in a
Significant Subset of CSU Patients
Of the 85 patients with CSU (81% female, average age of 46 ± 16
years), 37 (44%) and 24 (28%) were positive in the basophil
activation test (BAT) and the basophil histamine release assay
(BHRA), respectively. Both tests showed a significant correlation
(r=0.43, p<0.05), with a 70% match of the results (with 21% of all
patients showing double positivity and 49% of all patients
showing double negativity).

CSU Patients With a Positive BAT or BHRA
More Often Have Angioedema, Nocturnal
Symptoms, and Wheals on Five or More
Days per Week
Three clinical characteristics were statistically more frequent
(p<0.05) in BAT-positive and in BHRA-positive compared to
BAT/BHRA-negative patients (Table 1): 1) the occurrence of
angioedema (BAT: 62% vs 35%; BHRA: 67% vs 39%); 2) the
occurrence of nocturnal symptoms, sometimes causing
September 2021 | Volume 12 | Article 742470
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premature awakening (BAT: 70% vs 50%; BHRA: 79% vs 51%);
and 3) the presence of symptoms on at least five days per week
(BAT: 92% vs 65%; BHRA: 92% vs 70%).

CSU Patients With a Positive
BAT or BHRA Have Higher Disease
Activity and Impact, as Well as Higher
Rates of Uncontrolled Disease
BAT-positive and BHRA-positive CSU patients had significantly
higher disease activity as assessed by the UAS7 (p<0.05): 21.1 ±
9.7 vs 15.7 ± 10.6 for the BAT; and 22.2 ± 8.3 vs 16.4 ± 10.9 for
the BHRA (Table 2). UAS7 values correlated (p<0.05), albeit
weakly, with basophil activation in the BAT (r=0.130) and BHRA
(r=0.230); the higher the disease activity, the greater the degree of
basophil activation.

Disease impact, i.e. quality of life impairment assessed with
the DLQI, was higher in CSU patients with a positive BAT or
BHRA (p<0.05): 9.3 ± 6.8 vs 6.5 ± 5.6 for the BAT; and 10.3 ± 6.1
vs 6.7 ± 6.1 for the BHRA. CSU patients with a positive BAT or
BHRA showed lower levels of disease control, as assessed by the
UCT (p<0.05): 7.8 ± 4.1 vs 9.3 ± 3.9 for the BAT, and 7.7 ± 3.9 vs
9.0 ± 4.1 for the BHRA.

CSU Patients With a Positive BAT/BHRA
Have Lower Levels of Total Serum IgE and
Higher Rates of Thyroid Autoantibodies
BAT-positive and BHRA-positive CSU patients had significantly
lower levels of total serum IgE as compared to negative patients
(p<0.05): 91 ± 91 vs 395 ± 961 U/mL and 74 ± 69 vs 335 ± 858 U/
ml, respectively (Table 2). In fact, the rate of CSU patients with a
total serum IgE below 30 U/mL was significantly higher in BAT-
positive and BHRA-positive patients (p<0.05): 41% vs 9% and
38% vs 17%, respectively (Table 1).

The rates of patients with autoantibodies to thyroid
peroxidase (IgG-anti-TPO) or to thyroglobulin (IgG-anti-Tg)
were higher in BAT-positive or BHRA-positive CSU patients,
although this was not statistically significant: 35% vs 19% for the
BAT, and 38% vs 22% for BHRA (Table 1). Also, the ratio of
IgG-anti-TPO to total serum IgE was higher in BAT or BHRA
positive patients: 5.7 ± 16.4 vs 0.2 ± 1.0 for the BAT (p<0.05), and
6.2 ± 17.1 vs 1.2 ± 7.1 for the BHRA (p=0.192; Table 2).

Autologous Serum Skin Testing
Does Not Improve Patient Profiling
by Basophil Testing
Basophil test-positive patients who also tested positive in the
autologous serum skin test (ASST), when compared to those who
were negative for both, showed a similar profile to the
comparison between patients who were basophil test-positive
and basophil test-negative, regardless of their ASST result, i.e.
higher disease activity (UAS7 22.3 ± 9.5 vs 15.0 ± 10.3, p<0.05),
higher disease impact (DLQI 9.7 ± 7.6 vs 6.2 ± 5.6, p<0.05), lower
disease control (UCT 7.3 ± 4.2 vs 9.8 ± 3.4, p<0.05), lower total
serum IgE (85.6 ± 97.8 vs 455.1 ± 1090.5, p<0.05), and higher
ratio of IgG-anti-TPO to total serum IgE (3.0 ± 6.7 vs 0.3 ± 1.1,
p<0.05). The combined use of basophil and autologous serum
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skin testing identified the same features in double positive
patients, as compared to those linked to positive basophil
testing only (Table 3).

The ASST, by Itself, Is Not a Good
Predictor of a Positive Basophil Test
Of the 85 CSU patients we investigated, 30 (35%) had a positive
autologous skin test (ASST+). The ASST showed a weak correlation
with the BAT (r=0.37, p<0.05) and with the BHRA (r=0.29, p<0.05).
The probability (sensitivity) for a positive ASST to identify a patient
with a positive BAT or BHRA was 62% and 56%, respectively.

The ASST, Combined With Other Clinical
and Routine Laboratory Markers,
Can Help to Select Patients for
Basophil Testing
Next, we tested if the clinical features and laboratory markers
linked to a positive BAT or BHRA predicted which patients would
have a positive basophil test. By themselves, the sensitivity and
specificity of angioedema, nocturnal wheals, wheals on five or
more days per week, low IgE, elevated thyroid autoantibodies and
high disease activity ranged from 29% to 89% and 35% to 90% for
predicting a positive BAT or BHRA, respectively (Table 4).
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When the ASST was combined with angioedema, elevated
thyroid autoantibodies or low IgE, it predicted a positive basophil
test (either BAT or BHRA) with 92.5%, 97.4% and 100%
specificity, respectively. In addition, patients with low IgE and
elevated thyroid autoantibodies also had 100% specificity of
identifying a positive basophil test. These combinations,
however, showed low sensitivities, excluding many basophil
test-positive patients.

To optimize the identification of patients with a positive
basophil test (either BAT or BHRA), a decision tree was built
using the CHAID algorithm (qui-squared automatic interaction
detection). Applying the decision tree, the CSU patients
were sequentially divided according to their clinical
characteristics, until a final branch, after which patients were
labelled as having either a positive basophil test or a negative
basophil test (Figure 1).

Comparing the patients who were identified by this decision
tree as being basophil test positive or negative with the actual
BAT and BHRA results, we calculated that this decision tree
showed a sensitivity of 76.7% and a specificity of 64.3% for
correctly identifying the basophil test result of the patients.

DISCUSSION

The results of the CORSA study show that basophil test-positive
patients (either BAT or BHRA) represent a distinct subset of
CSU patients, with characteristics of TIIbaiCSU detailed by the
recent PURIST study (4).

In our cohort, 44% and 28% of the patients were BAT-positive
and BHRA-positive, respectively. This this is expected, as most
studies report basophil test-positive results in 25% to 45% of the
cases (8, 9, 23–25), with some studies going as high as 64% (26).
However, even thoughourBATandBHRAtests showed significant
correlation and a 70%match in the results, this correlation was not
perfect. The precise reason for thismismatch is currently unknown,
however, not unexpected.

There are few studies directly comparing the two basophil tests
in CSU. A previous study by our Department evaluated the
correlation between ASST and BAT positivity in 48 CSU patients,
and founda correlation coefficient of 0.79 (27).A study byAltrich et
al. calculated a correlation coefficient between both tests of r=0.54,
even though the concordance (positive versus negative) was high
(75%); which is similar to the results presented in this study (28).
TABLE 2 | Patients clinical and laboratorial data, according to the BAT and BHRA test result.

BAT BHRA

+ BAT (n=37) - BAT (n=48) Student test + BHRA (n=24) - BHRA (n=61) Student test

Age (years) 44 ± 15 47 ± 17 p=0.332 45 ± 16 46 ± 16 p=0.977
UAS7 (mean ± SD) 21.1 ± 9.7 15.7 ± 10.6 p<0.05 22.2 ± 8.3 16.4 ± 10.9 p<0.05
DLQI (mean ± SD) 9.3 ± 6.8 6.5 ± 5.6 p<0.05 10.3 ± 6.1 6.7 ± 6.1 p<0.05
UCT (mean ± SD) 7.8 ± 4.1 9.3 ± 3.9 p<0.05 7.7 ± 3.9 9.0 ± 4.1 p<0.05
Total serum IgE (U/mL) 91 ± 91 395 ± 961 p<0.05 74 ± 69 335 ± 858 p<0.05

+ BAT (n=37) - BAT (n=47) Student test + BHRA (n=24) - BHRA (n=61) Student test
Ratio IgG-anti-TPO/Total IgE 5.7 ± 16.4 0.2 ± 1.0 p<0.05 6.2 ± 17.1 1.2 ± 7.1 p=0.192
Septemb
er 2021 | Volume 12 | A
BAT, basophil activation test; BHRA, basophil histamine release essay; UAS7, urticaria activity score 7; DLQI, dermatological life quality index; UCT, urticaria control test.
Bold values highlight statistical significant values i.e. p < 0.05.
TABLE 3 | Positive predictive value, negative predictive value, sensitivity, and
specificity of a positive basophil test (BAT or BHRA) according to patients’
characteristics.

Patients’ characteristics Positive
predictive

value

Negative
predictive

value

Sensitivity Specificity

ASST(+) 80.0 61.8 53.3 85.0
UAS7≥16 59.6 55.3 62.2 52.5
Angioedema 62.5 55.6 55.6 62.5
Nocturnal symptoms 62.0 60.0 68.9 52.5
>5 days/week 60.6 73.7 88.9 35.0
Anti-TG/TPO 59.1 48.4 28.9 76.9
TSIgE<30 78.9 53.8 33.3 89.7
TSIgE<30 + Anti-TG/TPO 100.0 52.0 20.0 100
ASST(+) + Angioedema 86.4 58.7 42.2 92.5
ASST(+) + Anti-TG/TPO 90.0 50.7 20.0 97.4
ASST(+) + TSIgE<30 100.0 54.2 26.7 100.0
ASST, autologous serum skin test; anti-TPO, anti-thyroperoxidase; anti-Tg, anti-
thyroglobulin; UAS7, urticaria activity score 7; TSIgE, Total serum IgE in (U/mL).
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Another study, byYasnowskyandco-workers, showedacorrelation
of r=0.6, although in this case the BAT test was evaluated using
CD203c expression, which may have influenced these results (29).
Szegedi and colleagues published results with a higher degree of
correlation: r=0.91 when an atopic donor was used and r=0.7 when
a non-atopic donor was used (30). However, these results highlight
an important caveat; the correlation between basophil test results
can change significantly with the characteristics of the donor of the
basophilsused.Additionally, inSzegedi’s study, the sameatopic and
non-atopic donor were used for all the tests. In our study, different
Frontiers in Immunology | www.frontiersin.org 6
donors were used for the BAT and the BHRA, which can further
explain the correlation discrepancies.

Not only do the BAT and BHRA use different techniques,
which can impact the degree of basophil activation, it is hard to
quantify the impact of using different basophil donors. This is
also true for the tests individually. In the BAT and BHRA, the
same serum tested at the same time with different donors,
produces different degrees of basophil activation. The basophil
test (BAT and BHRA) and ASST mismatch, on the other hand,
was expected and has been described in the literature (24, 28–32).
FIGURE 1 | Decision tree assessing patients with the highest probability of being basophil-positive (BASO+) and basophil-negative (BASO-) patients. BASO+ were
accurately predicted by this model with a sensitivity of 76.7% (IC95% 61.4-88.2), a specificity of 64.3% (IC95% 48.0-78.5), a positive predictive value of 68.8%
(IC95% 58.7-77.3), and a negative predictive value of 73.0% (IC95% 60.0-82.9).
TABLE 4 | Patients clinical and laboratorial data, according to ASST plus basophil test double-positivity or double-negativity.

ASST and basophil test
double-positive
patients (n=24)

ASST and basophil
test double-negative

patients (n=36)

Chi-square Odds ratio Student test

Male Gender 3 (13%) 7 (19%) p=0.480 0.592 (0.137-2.560) –

Presence of angioedema 19 (79%) 12 (33%) p<0.05 7.600 (2.279-25.345) –

Presence of nocturnal CSU symptoms 17 (71%) 16 (44%) p<0.05 3.036 (1.012-9.107) –

Symptoms for ≥5 days/week 23 (96%) 23 (64%) p<0.05 13.000 (1.569-107.708) –

Hives duration >5 hours 16 (67%) 13 (36%) p<0.05 3.538 (1.193-10.499) –

Presence of anti-TPO/Tg autoantibodies 9 (38%) 10 (28%) p=0.471 1.500 (0.497-4.528) –

Presence of fT4/TSH abnormalities 5 (21%) 3 (8%) p=0.177 2.807 (0.602-13.091) –

Presence of ANA/anti-dsDNA autoantibodies 2 (8%) 4 (11%) p=0.780 0.775 (0.130-4.633) –

IgE<30 U/mL 12 (50%) 4 (11%) p<0.05 7.750 (2.084-28.815) –

UAS7 (mean ± SD) 22.3 ± 9.5 15.0 ± 10.3 – – p<0.05
DLQI (mean ± SD) 9.7 ± 7.6 6.2 ± 5.6 – – p<0.05
UCT (mean ± SD) 7.3 ± 4.2 9.8 ± 3.4 – – p<0.05
Total serum IgE (U/mL) 85.6 ± 97.8 455.1 ± 1090.5 – – p<0.05
Ratio IgG-anti-TPO/Total IgE 3.0 ± 6.7 0.3 ± 1.1 – – p<0.05
Sept
ember 2021 | Volume 12 | A
ASST, autologous serum skin test; CSU, chronic spontaneous urticaria; anti-TPO, anti-thyroperoxidase; anti-Tg, anti-thyroglobulin; fT4, free thyroxine; TSH, thyroid stimulating hormone;
ANA, antinuclear antibody; anti-dsDNA, anti-double stranded DNA; UAS7, urticaria activity score 7; DLQI, dermatological life quality index; UCT, urticaria control test.
Bold values highlight statistical significant values i.e. p < 0.05.
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The recent PURIST study, the first study to identify TIIbaiCSU
patients using all three defining tests, provided important evidence of
the distinctive characteristics of these patients. It showed that this
patient subgroup presented higher disease activity (i.e. UAS7), lower
total serum IgE, higher rates of thyroid autoantibodies and a higher
IgG-anti-TPO to total serum IgE ratio (4). The results of the CORSA
studyshowthatourbasophil test-positivepatientsexhibit aphenotype
that is distinct from that of our basophil test-negative patients, and
which is in agreementwith theTIIbaiCSUprofile of thepatients of the
PURIST study. Our basophil test-positive patients presented higher
disease activity (UAS7), higher disease impact (DLQI), lower disease
control (UCT), lower total serum IgE, higher rates of thyroid
autoantibodies and a higher IgG-anti-TPO to total serum IgE ratio.

However, these resultswere based solely onbasophil testing, one
of the three tests required to identify TIIbaiCSU. Therefore, we re-
analysed the phenotypes after adding the ASST (a second criterion
for TIIbaiCSU). The results remained unchanged. This suggests
that the basophil test is the more significant test for identifying
patients with this more severe phenotype. In fact, most previous
studies, which reported higher disease severity (24, 25), lower
disease control (11), elevated thyroid autoantibodies (9, 14, 28), a
non-response or slower response to omalizumab, and a better
response to cyclosporin (8–11), based their findings on a single
basophil test (BAT or BHRA) and not on all three tests needed to
identify TIIbaiCSU. This makes the case for why basophil testing is
so important for evaluatingCSUpatients for type IIb autoimmunity
and how it can help to identify cases of severe CSU early on.

Using both the BATand the BHRA,wewere also able to identify
novel clinical characteristics of basophil test-positive patients. The
CORSA study basophil test-positive patients showed a higher
frequency of angioedema, nocturnal symptoms, and wheals on
five or more days per week; characteristics which may have
influenced the poorer results on the UAS7, DLQI and UCT scores.

Despite its relevance, basophil testing meets real challenges as a
solution for widespread implementation for all CSU patients,
namely in terms of its availability, cost, and the high prevalence of
CSU in thepopulation. Identifyingmarkers ofbasophil test-positive
patientswouldbeof great use in clinical practice, as they could select
the best group of patients in whom to perform the test.

TheASST, thefirst attempt at such amarker, proved insufficient
(1, 4). Our results confirm this and show a sensitivity of only 53% at
identifying BAT+ and/or BHRA+ patients. In an attempt to
improve these results, we used combinations of the ASST with
the characteristics we identified in our basophil test-positive
patients. ASST-positive patients with simultaneous presence of
thyroid autoantibodies or a total serum IgE<30, showed a ≈100%
probability (specificity) of having a positive basophil test. The
combination of total serum IgE<30 and the presence of thyroid
autoantibodies also showed 100% specificity. However, these
combinations showed a very low sensitivity, and would leave out
more basophil test-positive patients than the ASST.

A stepwise approach, employing a decision tree, using the
characteristics associated with basophil test positivity, correctly
identified most of our patients: it correctly identified 33 of 48
basophil test-positive patients and 27 of 37 basophil test-negative
patients. This decision tree is easy to use and easily replicable and
Frontiers in Immunology | www.frontiersin.org 7
can be a promising tool to many physicians treating CSU patients.
By this model, restricting the patients tested with a basophil test to
those indicated, a physician could: 1) significantly reduce the
number of patients in whom to ask for a basophil test to a cost-
effective number, and 2) increase the number of positive basophil
tests from the 25-45% average described in the literature for the
whole CSU population, to about 70%.

This study has some limitations. It has a limited number of
patients, froma single center, and thesefindingswere not tested in a
control group. There is a need for further studies to determine why
TIIbaiCSU or a basophil-positive patient presentswithmore severe
CSU, lower IgE, and higher thyroid autoantibodies. In addition,
these findings need to be corroborated by future studies in larger
and more diverse patient populations, and the proposed decision
tree should be looked at as an initial attempt to identify basophil-
positivepatients, tobeperfectedby future studies.The identification
of additional easily available clinical/laboratory parameters and
their insertion in the model might be useful to increase the
specificity and sensitivity of this algorithm.

In conclusion, basophil testing identifies a distinct subset of
CSU patients, consistent with TIIbaiCSU. Using clinical and
laboratory characteristics of TIIbaiCSU, it is possible to identify
patients who are likely to have a positive basophil test, allowing
for a more patient-specific approach to CSU patients in the
future and a more cost-effective use of the basophil tests.
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et al. Relevance of the Basophil High-Affinity IgE Receptor in Chronic
Urticaria: Clinical Experience From a Tertiary Care Institution. J Allergy
Clin Immunol Pract (2019) 7:1619–26. doi: 10.1016/j.jaip.2019.01.026

6. Baumann K, Marcelino J, Skov PS, Santos M, Wyroslak I, Scheffel J, et al.
Autologous Serum Skin Test Reactions in Chronic Spontaneous Urticaria
Differ From Heterologous Cell Reactions. J Eur Acad Dermatol Venereol
(2021) 35(6):1338–45. doi: 10.1111/jdv.17131

7. Konstantinou GN, Asero R, Ferrer M, Knol EF, Maurer M, Raap U, et al.
EAACI Taskforce Position Paper: Evidence for Autoimmune Urticaria and
Proposal for Defining Diagnostic Criteria. Allergy (2013) 68:27–36. doi:
10.1111/all.12056

8. Gericke J, Metz M, Ohanyan T, Weller K, Altrichter S, Skov PS, et al. Serum
Autoreactivity Predicts Time to Response to Omalizumab Therapy in
Chronic Spontaneous Urticaria. J Allergy Clin Immunol (2017) 139:1059–
61. doi: 10.1016/j.jaci.2016.07.047

9. Iqbal K, Bhargava K, Skov PS, Falkencrone S, Grattan CE. A Positive Serum
BasophilHistamine Release Assay Is aMarker for Ciclosporin-Responsiveness in
Patients With Chronic Spontaneous Urticaria. Clin Transl Allergy (2012) 2:19.
doi: 10.1186/2045-7022-2-19

10. Palacios T, Stillman L, Borish L, Lawrence M. Lack of Basophil CD203c-
Upregulating Activity as an Immunological Marker to Predict Response to
Treatment With Omalizumab in Patients With Symptomatic Chronic Urticaria.
J Allergy Clin Immunol Pract (2016) 4:529–30. doi: 10.1016/j.jaip.2015.11.025

11. Endo T, Toyoshima S, Hayama K, Tagui M, Niwa Y, Ito M, et al. Relationship
Between Changes in the 7-Day Urticaria Activity Score After Treatment With
Omalizumab and the Responsiveness of Basophils to Fcϵri Stimulation in
Patients With Chronic Spontaneous Urticaria. Asia Pac Allergy (2020) 10:e12.
doi: 10.5415/apallergy.2020.10.e12
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A. Basophil Activation Test Identifies the Patients With Chronic Spontaneous
Urticaria Suffering the Most Active Disease. Immun Inflamm Dis (2016)
4:441–5. doi: 10.1002/iid3.125

25. Netchiporouk E, Moreau L, Rahme E, Maurer M, Lejtenyi D, Ben-Shoshan M.
Positive CD63 Basophil Activation Tests Are Common in Children With
Chronic Spontaneous Urticaria and Linked to High Disease Activity. Int Arch
Allergy Immunol (2016) 171:81–8. doi: 10.1159/000451084

26. Hossein Zadeh Attar M, Merk HF, Kotliar K, Wurpts G, Röseler S, Moll-
Slodowy S, et al. The CD63 Basophil Activation Test as a Diagnostic Tool for
Assessing Autoimmunity in Patients With Chronic Spontaneous Urticaria.
Eur J Dermatol (2019) 29:614–8. doi: 10.1684/ejd.2019.3680
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