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Abstract: Background: Eosinophilic granulomatosis with polyangiitis (EGPA) is a small-vessel necro-
tizing vasculitis with multiple organ involvement. Despite improvements in clinical management,
biomarkers for organ involvement and disease prognosis are still an unmet need. Methods: EGPA
patients referred to our immunology clinic were retrospectively reviewed. Demographic/clinical
features, eosinophils, ANCA status, eosinophil cationic protein (ECP) and total serum IgE were
evaluated at the baseline. Eosinophils, total serum IgE, ECP and ANCA were studied as possible
biomarkers for lung and extrapulmonary disease. Results: In total, 167 EGPA patients were recruited
for our study. A positive association between eosinophils and peripheral nervous system (PNS)
involvement was demonstrated (p <0.001; chi-squared test). Receiver operating characteristic (ROC)
curves using the eosinophil count or percentage as predictors of PNS involvement yielded AUC
values of 0.75 and 0.67, respectively. ANCA positivity was associated with PNS involvement, while
no correlations with clinical parameters were found for ECP and total serum IgE. Patients without
extrapulmonary involvement had lower eosinophils (eosinophils: 2844.7 ± 1698 vs. 6373 ± 5468,
p < 0.001; eosinophil percentage: 24.6 ± 10% vs. 36.2 ± 15.8, p < 0.001) and were less likely to be
ANCA+ (p < 0.001, chi-squared test). Conclusion: Eosinophils in EGPA are an important biomarker
and are associated with extrapulmonary involvement. These findings could strengthen the role of
anti-eosinophilic drugs in improving extrapulmonary disease.

Keywords: eosinophilic granulomatosis with polyangiitis; eosinophils; biomarker; asthma;
nasal polyps; peripheral neuropathy

1. Introduction

Eosinophilic granulomatosis with polyangiitis (EGPA) is a small-vessel necrotizing
vasculitis with multiple organ involvement, with the lung being the most commonly
affected [1,2]. A direct pathogenic effect of eosinophils infiltrating different tissues is
considered one of the main drivers of EGPA pathophysiology, although the pathogenesis
of EGPA is not fully defined [3,4].

In the American College of Rheumatology (ACR) criteria, EGPA is defined by the
presence or a history of asthma, a blood eosinophil percentage higher than 10% or an
absolute count >1.000 cells/mm3 and the presence of at least two of the following features:
(1) biopsy showing histopathological evidence of eosinophilic vasculitis, perivascular
eosinophilic infiltration or eosinophil-rich granulomatous inflammation; (2) pulmonary
infiltrates, non-fixed; (3) sino-nasal abnormalities as chronic rhinosinusitis with nasal
polyps (CRSwNP); (4) neuropathy, characterized by mono- or poly-motor deficit or nerve
conduction abnormality [5]. Recently, the ACR/European Alliance of Associations for
Rheumatology has proposed new classification criteria for EGPA. These criteria confirm
the importance of blood eosinophilia and asthma in distinguishing EGPA from other forms
of vasculitis [6].
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Eosinophils are the prevailing innate immunity cells involved in EGPA inflammation,
meaning blood and tissue eosinophilia are disease pathognomonic findings. EGPA is
usually regarded as a Th2-driven inflammatory disease; autoimmunity can also develop,
as can be seen by the anti-neutrophil cytoplasmic antibodies’ (ANCAs’) production [7].
The effector function of eosinophils is related to the release of many mediators capable
of inducing tissue injury, but also of cytokines and chemokines that amplify the inflam-
matory process [8]. IL-5, mainly produced by T-cells but also by IL-3 and granulocyte
macrophage colony stimulating factor (GM-CSF), can prime eosinophils and prompt them
express all of the membrane receptors and integrins mandatory for tissue migration [9].
Tissue migration is a complex process mainly driven by chemokines, such as eotaxins-3
(CCL26), RANTES (regulated on activation of normal T cells, expressed and secreted;
CCL5), monocyte chemoattractant protein (MCP)-3 (CCL7) and MCP-4 (CCL13) [10–12].
The existence of cross-talk between eosinophils and T cells in the inflammatory process
is further demonstrated by the production of IL-25 by eosinophils. In fact, this alarmin
induces the switch of T cells toward a Th2-phenotype and the activation of type 2 innate
lymphoid cells (ILC2), which are significantly increased in EGPA patients and produce
high amounts of IL-5 [13–15].

The complexity of the EGPA pathogenic mechanisms is highlighted by the demon-
stration of high levels of circulating Th17 cells [16]. Moreover, in patients with active or
relapsing EGPA, T regulatory (Treg) cells counts were low and increased percentages of B
lymphocytes were found [17].

The EGPA pathogenesis reveals itself in all its complexity when we consider the
presence of granulomas, often associated with necrosis, which are considered a histological
marker of the disease. In fact, they do not only contain eosinophils but also macrophages
and neutrophils as the result of both Th2 and Th1/Th17 responses [18].

Asthma represents a hallmark of EGPA since it is present in almost all patients, as
shown by epidemiological data.

In EGPA patients, clinical manifestations vary according to the phase of the disease.
Patients usually suffer from asthma and nasal polyposis for several years before developing
hypereosinophilia and organ infiltration. Furthermore, the involvement of different areas of
the body leads to different clinical phenotypes. The upper airways, peripheral nervous sys-
tem, kidneys (especially in ANCA+ subjects), myocardium (especially in ANCA- patients),
lungs, GI tract and skin are the most common targets of the disease [19–21]

As previously stated, the existence of an autoimmune response in EGPA patients
has been confirmed by the detection of ANCA in the sera of about 40% of patients [19].
However, it has been shown that sputum ANCA positivity is detectable in more than 70%
of EGPA patients, irrespective of their serum ANCA status [20–24]. Treatment mainly
relies on systemic corticosteroids and immunosuppressive agents [20,25]. The central
role of IL-5 in the pathogenesis of EGPA has paved the way for the use of the anti-IL-5
monoclonal antibody (mAb) mepolizumab. The current evidence on the efficacy and
safety of mepolizumab in EGPA has led to the approval of its use for the treatment of
these patients [26,27].

In this paper, we retrospectively review the clinical and laboratory features of our
EGPA cohort, with the aim to identify biomarkers potentially useful for clinical practice.

2. Materials and Methods
2.1. Study Population

Among patients referred to our immunology clinic from January 2010 to December 2021,
patients fulfilling the 1990 ARA EGPA classification criteria were enrolled (Figure 1). De-
mographic, clinical and laboratory data were retrieved from their clinical records. The blood
eosinophil count (BEC), total IgE (CAP-FEIA, ThermoFisher, Uppsala, Sweden), atopic status,
eosinophil cationic protein (ECP, CAP-FEIA, ThermoFisher, Uppsala, Sweden) and ANCA
(EUROPLUS Granulocyte Mosaic 25, IFA, Euroimmun, Lubeck, Germany; EliaTM MPOS,
EliaTM PR3S, ThermoFisher, Uppsala, Sweden) were analyzed at the baseline. Atopy was
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defined as skin test positivity and/or documented serum-specific IgE for inhalant allergens.
All patients underwent nasal endoscopy and a head computed tomography (CT) scan
to investigate sino-nasal involvement at the baseline. Lung involvement was assessed
with a chest CT scan at the baseline in all patients. All patients were screened for heart
involvement by transthoracic echocardiography; more advanced heart assessments, such
as cardiac magnetic resonance (MRI) or coronary angiography, were performed according
to the patients’ clinical needs. All patients were screened for kidney involvement using
laboratory (serum creatinine and urinalysis) and ultrasound assessment. Other clinical
actions were physician-assessed.
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2.2. Blood Eosinophil Grouping Strategy

To analyze possible correlations between BEC and clinical features, we divided the
patients in two groups: (i) “extremely high eosinophils” group (EH-Eo group), in which
blood eosinophils were >10.000/µL; (ii) “high eosinophils” group (H-Eo group), with blood
eosinophils ≤10.000/µL). To better analyze the correlations of eosinophil blood levels
with the clinical outcomes, we divided the HEo group according to quartiles. We, there-
fore, obtained five groups: first group (740–1960 cells/microL; 37 subjects); second group
(1980–3500 cells/microL; 38 subjects); third group (3590–5422 cells/microL; 41 subjects);
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fourth group (5520–9830 cells/microL; 32 subjects); fifth group (10,580–32,614 cells/microL;
19 subjects).

2.3. Statistical Methodology

Statistical analysis was performed using Python version 3.8.0 (Anaconda distribution,
Open source software). Spearman’s correlation, the X-squared test, Mann–Whitney U
test and survival analysis were used when appropriate. p-values lower than 0.05 were
considered statistically significant.

3. Results
3.1. Patients’ Characteristics

We recruited a cohort of 167 EGPA patients with a prevalence of the male sex (100/167;
59.9%) and an overall mean age at diagnosis of 49.9 ± 12.9 years, while the mean age of
symptom onset was 46.3 ± 13.6 years. These data imply a significant diagnostic delay,
which was calculated as 1.6 ± 2.3 years (five patients with diagnostic delays of over five
years were considered outliers and excluded from this calculation). The age distribution at
diagnosis was consistent with the known medical literature, with the majority of patients
aged from 28 to 72 years; no EGPA patients younger than 17 or over 83 years were found in
our cohort. ANCA (exclusively anti-myeloperoxidase antibodies) were present in 38.3% of
the patients (64/167), while the mean blood eosinophils count was 5422 ± 5002 cells/µL.
Atopy was demonstrated in 67 out of 167 (40%) of our cohort.

Concerning the clinical involvement at the baseline, all patients were long-standing
asthmatics (asthma duration at diagnosis 9.9 ± 10.4 years), with a severe functional im-
pairment as shown by a mean baseline FEV1 of 69.5% ± 22. Furthermore, most of them
showed, in their clinical history, alveolar opacities (144/167; 86.2%). Other common clinical
features were CRSwNP (157/167; 94%) and peripheral nervous system (PNS) involvement
including mononeuritis multiplex and polineuropathy (90/167; 53.9%). A significant num-
ber of patients experienced, in their clinical history, skin rashes including urticaria and skin
vasculitis (41/167; 24.5%) and arthralgias/arthritis (36/167; 21.6%). Only a minority of
patients displayed clinical or laboratory signs of serositis, kidney, heart or central nervous
system involvement. All relevant data concerning our study population are summarized in
Table 1. The clinical involvement is summarized in Figure 2.

Table 1. Baseline demographic, clinical and laboratory characteristics of the study population. Data
are presented as the mean ± standard deviation or number (%).

Demographic, Clinical and Laboratory Features All Patients (n = 167)

Female 100/167 (60)
Age at diagnosis (y) 49.93 ± 12.92
Age at symptoms onset (y) 46.27 ± 13.6
Diagnostic delay (y) 1.61 ± 2.32
Atopy 67/167 (40)
Asthma 167/167 (100)
Lung opacities 144/167 (86.2)
CRSwNP 157/167 (94)
PNS involvement 90/167 (53.9)
Serositis 18/167 (10.8)
Skin involvement 41/165 (24.8)
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Table 1. Cont.

Demographic, Clinical and Laboratory Features All Patients (n = 167)

Arthralgia/arthritis 36/165 (21.6)
Heart involvement 10/167 (6)
Glomerulonephritis 10/167 (6)
CNS involvement 1/167 (0.5)
Constitutional symptoms 43/167 (25.7)
Baseline FEV1 69.52% ± 21.98
Blood eosinophils (cells/µL) 5422 ± 5002
Blood eosinophils (%) 33.1 ± 15.4
ECP (µg/L) 75.7 ± 98.2
Total IgE (kU/L) 509.4 ± 669.4
ANCA+ 64/167 (38.3)

ANCA: anti-neutrophil cytoplasmic antibodies; CNS: central nervous system;. CRSwNP: chronic rhinosinusitis
with nasal polyps; ECP: eosinophil cationic protein; FEV1: forced expiratory volume in the first second; PNS:
peripheral nervous system.
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3.2. Eosinophils Are Associated with PNS Involvement

When we evaluated the clinical manifestations of EGPA according to the five groups
of blood eosinophils, we observed a positive association between eosinophil counts and
the percentages of PNS involvement (p < 0.001; chi-squared test). A receiver operating
characteristic (ROC) curve using the absolute eosinophil count as the independent variable
and PNS involvement as the dependent variable yielded an AUC value of 0.75, while the
same ROC curve using the eosinophil percentage yielded an AUC value of 0.67 (Figures 3
and 4). No patients with eosinophil counts lower than 1150/µL showed PNS involvement.
We also evaluated the eosinophil blood count as a biomarker for PNS involvement, using
the literature cutoff for hypereosinophilic syndrome (blood eosinophils >1500 cells/microL).
According to this cutoff value, the test sensitivity was high (94.4%), but its specificity was
rather low (26%). The classical eosinophil cutoff percentage for EGPA diagnosis (10%) could
not be evaluated due to the low number of patients showing baseline blood eosinophils
lower than 10%.
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The blood eosinophil count was not associated with atopy, but it displayed a positive
correlation with the total serum IgE levels (Pearson’s correlations = 0.21 and 0.23, p < 0.05;
Figures 5 and 6). Furthermore, the blood eosinophil count did not show any association or
correlation with demographic features, ANCA status or other organ involvement. ECP did
not correlate with any clinical, laboratory or demographic parameter.



Biomedicines 2022, 10, 2688 7 of 10

Biomedicines 2022, 10, x FOR PEER REVIEW 8 of 12 
 

  
Figure 5. Eosinophils absolute count vs. total IgE. 

Figure 5. Eosinophils absolute count vs. total IgE.

Biomedicines 2022, 10, x FOR PEER REVIEW 9 of 12 
 

 
Figure 6. Eosinophils percentage vs. total IgE. 

3.3. ANCA Are Associated with PNS Involvement 
To further characterize the relationship between neural nervous system involvement 

and other markers, we observed that ANCA+ patients showed more PNS symptoms when 
compared to ANCA- patients (49/64 (76.6%) vs. 41/103 (39.8%), p < 0.001, chi-squared test). 
There was no difference in ANCA status when we stratified patients for sex, age at diag-
nosis, eosinophils, ECP, atopy or other organ involvement. 

3.4. EGPA Phenotypes: The “Only-Lung EGPA” Patients 
In our cohort, we could identify two patient phenotypes. First, 45 out of the 167 

(26.9%) patients showed asthma, eosinophilia and CRSwNP with lung opacities as the 
only organ involvement; we called this group “only-lung EGPA”. The remaining patients 
(122/167; 73.1%), displaying the involvement of additional organs, were called the “lung-
plus EGPA” group. When comparing the two groups, we observed that “only-lung 
EGPA” patients had significantly lower eosinophil levels than the “lung-plus EGPA” pa-
tients (eosinophil count: 2844.7 ± 1698 vs. 6373 ± 5468, p < 0.001; eosinophil percentage: 
24.6 ± 10% vs. 36.2 ± 15.8, p < 0.001) and were less likely to be ANCA+ (7/45 (15.6%) vs. 
57/122 (46.7%), p < 0.001, chi-squared test). There were no significant differences between 
the two groups when looking at gender, atopy or age at diagnosis. 

4. Discussion 
Our case series allows us to confirm the importance of asthma and CRSwNP in EGPA 

patients. In fact, we not only observed that virtually all patients had both asthma and 
CRSwNP but also that these conditions preceded the full-blown disease by a few years 
[7]. Although the pathogenesis of EGPA is a complex scenario, it is very likely that asthma 
and EGPA share common pathogenic aspects. It is well-known that asthma is frequently 
characterized by an increase in blood eosinophils that as well as releasing several 

Figure 6. Eosinophils percentage vs. total IgE.

3.3. ANCA Are Associated with PNS Involvement

To further characterize the relationship between neural nervous system involvement
and other markers, we observed that ANCA+ patients showed more PNS symptoms when
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compared to ANCA- patients (49/64 (76.6%) vs. 41/103 (39.8%), p < 0.001, chi-squared
test). There was no difference in ANCA status when we stratified patients for sex, age at
diagnosis, eosinophils, ECP, atopy or other organ involvement.

3.4. EGPA Phenotypes: The “Only-Lung EGPA” Patients

In our cohort, we could identify two patient phenotypes. First, 45 out of the 167 (26.9%)
patients showed asthma, eosinophilia and CRSwNP with lung opacities as the only organ
involvement; we called this group “only-lung EGPA”. The remaining patients (122/167; 73.1%),
displaying the involvement of additional organs, were called the “lung-plus EGPA” group.
When comparing the two groups, we observed that “only-lung EGPA” patients had significantly
lower eosinophil levels than the “lung-plus EGPA” patients (eosinophil count: 2844.7 ± 1698
vs. 6373 ± 5468, p < 0.001; eosinophil percentage: 24.6 ± 10% vs. 36.2 ± 15.8, p < 0.001) and
were less likely to be ANCA+ (7/45 (15.6%) vs. 57/122 (46.7%), p < 0.001, chi-squared test).
There were no significant differences between the two groups when looking at gender,
atopy or age at diagnosis.

4. Discussion

Our case series allows us to confirm the importance of asthma and CRSwNP in EGPA
patients. In fact, we not only observed that virtually all patients had both asthma and
CRSwNP but also that these conditions preceded the full-blown disease by a few years [7].
Although the pathogenesis of EGPA is a complex scenario, it is very likely that asthma
and EGPA share common pathogenic aspects. It is well-known that asthma is frequently
characterized by an increase in blood eosinophils that as well as releasing several mediators
and cytokines, are also involved in tissue damage [28–30]. Therefore, over time, severe
forms of eosinophilic asthma can evolve in EGPA. Although a specific cut-off of blood
eosinophils has not been defined, patients with “high/very high” blood eosinophil levels
should be carefully evaluated to distinguish those with isolated severe eosinophilic asthma
from those with asthma in EGPA disease [31]. Clinicians must consider possible “red
flags” for the risk of EGPA development, such as a history of persistent asthma, more
often non-allergic and late-onset, the presence of nasal polyposis, the presence or history of
hypereosinophilia and aspirin intolerance. Clinicians should always be aware that patients
with severe asthma who are oral corticosteroids (OCS)-dependent can have underlying
ANCA-negative EGPA. In these cases, a close follow-up should be implemented. The
underestimation of these simple clinical data explains the delay in the diagnosis of EGPA,
as confirmed in our cohort. Moreover, diagnostic delay may be responsible for the onset
of severe EGPA features with extra-pulmonary involvement including, in our experience,
peripheral neuropathy. It is interesting to observe the direct association between the high
number of eosinophils and NPS involvement. Of note, in our case series, patients with the
lowest eosinophils count (about 1000 cells/mm3 or less) showed neither PNS involvement
nor other extra-pulmonary involvement, as well as a lower ANCA-positivity rate. To
our knowledge, eosinophils are an item of EGPA classification criteria but not a potential
biomarker for multiorgan involvement.

The clinical significance of the association of eosinophils with extrapulmonary involve-
ment, such as PNS, was confirmed by the AUC value of the ROC curve observed in our
cohort. This finding supports the pathogenetic role of these cells in EGPA, particularly in
inducing organ damage. It was shown that damage to the vascular structures of the nerves
(disruption of vascular layers and/or obstruction of the lumen) occurred more frequently in
specimens from ANCA+ patients than those from the ANCA- group. In addition, fibrinoid
necrosis was observed in 40% and 5% of epineurial vessels in the ANCA+ and ANCA-
groups, respectively [32].

In ANCA- patients, the damage to nervous fibers is due to the accumulation of
eosinophils in the endoneurium, as they release eosinophil-derived neurotoxin (EDN),
major basic protein (MBP), eosinophil peroxidase and eosinophil cationic protein (ECP)
stored in their cytoplasmatic granules [9,32]. In addition, eosinophils cause the occlusion
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of the lumen of epineurial vessels, inducing ischemic damage. It is important to note, at
least in our case series, that there is no association between the peripheral blood eosinophil
level, as a percentage or absolute value, and ANCA-positivity.

Considering the role of eosinophils in organ injury, it is possible to suppose that
treatment with anti-IL-5/IL-5R mAbs might allow us to improve, or prevent, not only lung
disease but also extra-pulmonary involvement.

Our patients showed high serum levels of total IgE, though a specific sensitization
toward inhalant allergens was demonstrated only in a small percentage, and a positive cor-
relation between IgE levels and eosinophil counts. This can be explained by the production
of IL-4 and IL-13 by Th2 lymphocytes in addition to IL-5, further underlying the role of this
cell subset in EGPA pathogenesis; however, it should be emphasized that high IgE serum
levels are demonstrated in many allergic disease and are not a specific feature of EGPA [14].
It was also observed that ILC2 produces not only IL-5 but also IL-4 and IL-13, thus further
stimulating IgE production in eosinophilic asthma and EGPA [15,33].

In conclusion, our study confirms not only that asthma and CRSwNP are hallmarks
of EGPA but also that they predate the full-blown disease by several years. Moreover,
eosinophils are certainly important in the pathogenesis of organ injury, and their absolute
count is a “biomarker” associated with extra-pulmonary involvement.

Author Contributions: Conceptualization, A.M., A.V. and E.V.; Methodology, E.V.; Software, E.V.;
Data Collection, M.P., V.M. and M.A.; Formal Analysis, E.V.; Data Curation, E.V.; Writing—Original
Draft Preparation, A.M., A.V. and E.V.; Writing—Review and Editing, A.M., A.V., E.V. and M.P.;
Visualization, E.V.; Supervision, A.M., A.V., L.C., P.P. and O.R. All authors have read and agreed to
the published version of the manuscript. All individuals included in acknowledgement section have
consented to the acknowledgement.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived for this study due
to the characteristics of the study.

Informed Consent Statement: Patients’ consent was waived for this study due to the characteristics
of the study.

Data Availability Statement: Data are available on reasonable request from E.V.

Acknowledgments: We thank Francesca Grosso for her contribution to the data collection and analysis.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Jennette, J.C.; Falk, R.J.; Bacon, P.A.; Basu, N.; Cid, M.C.; Ferrario, F.; Flores-Suarez, L.F.; Gross, W.L.; Guillevin, L.; Hagen, E.C.;

et al. 2012 Revised International Chapel Hill Consensus Conference Nomenclature of Vasculitides. Arthritis Rheum. 2013, 65, 1–11.
[CrossRef] [PubMed]

2. Nguyen, Y.; Guillevin, L. Eosinophilic Granulomatosis with Polyangiitis (Churg–Strauss). Semin. Respir. Crit. Care Med. 2018, 39,
471–481. [CrossRef] [PubMed]

3. Chaigne, B.; Terrier, B.; Thieblemont, N.; Witko-Sarsat, V.; Mouthon, L. Dividing the Janus vasculitis? Pathophysiology of
eosinophilic granulomatosis with polyangitis. Autoimmun. Rev. 2016, 15, 139–145. [CrossRef]

4. Lee, L.-Y.; Gu, Q.; Lin, A.-H.; Khosravi, M.; Gleich, G. Airway hypersensitivity induced by eosinophil granule-derived cationic
proteins. Pulm. Pharmacol. Ther. 2019, 57, 101804. [CrossRef]

5. Masi, A.T.; Hunder, G.G.; Lie, J.T.; Michel, B.A.; Bloch, D.A.; Arend, W.P.; Calabrese, L.H.; Edworthy, S.M.; Fauci, A.S.; Leavitt, R.Y.;
et al. The American College of Rheumatology 1990 criteria for the classification of churg-strauss syndrome (allergic granulomatosis
and angiitis). Arthritis Rheum. 2010, 33, 1094–1100. [CrossRef] [PubMed]

6. Grayson, P.C.; Ponte, C.; Suppiah, R.; Robson, J.C.; Craven, A.; Judge, A.; Khalid, S.; Hutchings, A.; Luqmani, R.A.; Watts, R.A.;
et al. 2022 American College of Rheumatology/European Alliance of Associations for Rheumatology Classification Criteria for
Eosinophilic Granulomatosis With Polyangiitis. Arthritis Rheumatol. 2022, 74, 386–392. [CrossRef] [PubMed]

7. Wu, E.Y.; Hernandez, M.L.; Jannette, J.C.; Falk, R.J. Eosinophilic granulomatosis with polyangiitis: Clinical pathology conference
and review. J. Allergy Clin. Immunol. Pract. 2018, 6, 1496–1504. [CrossRef]

8. McBrian, C.N.; Menzies-Gow, A. The biology of eosinophils and their role in asthma. Front. Med. 2017, 4, 93. [CrossRef]

http://doi.org/10.1002/art.37715
http://www.ncbi.nlm.nih.gov/pubmed/23045170
http://doi.org/10.1055/s-0038-1669454
http://www.ncbi.nlm.nih.gov/pubmed/30404114
http://doi.org/10.1016/j.autrev.2015.10.006
http://doi.org/10.1016/j.pupt.2019.101804
http://doi.org/10.1002/art.1780330806
http://www.ncbi.nlm.nih.gov/pubmed/2202307
http://doi.org/10.1002/art.41982
http://www.ncbi.nlm.nih.gov/pubmed/35106968
http://doi.org/10.1016/j.jaip.2018.07.001
http://doi.org/10.3389/fmed.2017.00093


Biomedicines 2022, 10, 2688 10 of 10

9. Kiene, M.; Csernok, E.; Muller, A.; Metzler, C.; Trabandt, A. Elevated interleukin-4 and interleukin-13 production by T cell lines
from patients with Churg-Strauss syndrome. Arthritis Rheum. 2001, 44, 469–473. [CrossRef]

10. Jakiela, B.; Szczeklik, W.; Plutecka, H.; Sokolowska, B.; Mastalerz, L.; Sanak, M.; Bazan-Socha, S.; Szczeklik, A.; Musial, J. Increased
production of IL-5 and dominant Th2-type response in airways of Churg-Strauss syndrome patients. Rheumatology 2012, 51,
1887–1893. [CrossRef]

11. Kazuyuki, N.; Makoto, N. Possible Mechanisms of Eosinophil Accumulation in Eosinophilic Pneumonia. Biomolecules 2020, 10,
638–650.

12. Polzer, K.; Karonitsch, T.; Neumann, T.; Eger, G.; Haberler, C.; Soleiman, A.; Hellmich, B.; Csernok, E.; Distler, J.; Manger, B.; et al.
Eotaxin-3 is involved in Churg-Strauss syndrome–a serum marker closely correlating with disease activity. Rheumatology 2008, 47,
804–808. [CrossRef] [PubMed]

13. Cosmi, L.; Liotta, F.; Maggi, L.; Annunziato, F. Role of type 2 innate lymphoid cells in allergic diseases. Curr. Allergy Asthma Rep.
2017, 17, 66. [CrossRef] [PubMed]

14. Smith, S.G.; Chen, R.; Kjarsgaard, M.; Huang, C.; Oliveria, J.P.; O’Byrne, P.M.; Gauvreau, G.M.; Boulet, L.P.; Lemiere, C.; Martin, J.;
et al. Increased numbers of activated group 2 innate lymphoid cells in the airways of patients with severe asthma and persistent
airway eosinophilia. J. Allergy Clin. Immunol. 2016, 137, 75–86.e8. [CrossRef]

15. Tsurikisawa, N.; Oshikata, C.; Watanabe, M.; Tsuburai, T.; Kaneko, T.; Saito, H. Innate immune response reflects disease activity
in eosinophilic granulomatosis with polyangiitis. Clin. Exp. Allergy 2018, 48, 1305–1316. [CrossRef] [PubMed]

16. Jakiela, B.; Sanak, M.; Szczeklik, W.; Sokolowska, B.; Plutecka, H.; Mastalerz, L.; Musial, J.; Szczeklik, A. Both Th2 and Th17
responses are involved in the pathogenesis of Churg-Strauss syndrome. Clin. Exp. Rheumatol. 2011, 29 (Suppl. 64), S23–S34.

17. Tsurikisawa, N.; Saito, H.; Oshikata, C.; Tsuburai, T.; Akiyama, K. Decreases in the numbers of peripheral blood regulatory T cells,
and increases in the levels of memory and activated B cells, in patients with active eosinophilic granulomatosis and polyangiitis.
J. Clin. Immunol. 2013, 33, 965–976. [CrossRef]

18. Matucci, A.; Nencini, F.; Maggi, E.; Vultaggio, A. Systemic hypereosinophilic syndromes: When autoimmunity is Th2 mediated.
Curr. Opin. Allergy Clin. Immunol. 2020, 20, 175–18019. [CrossRef]

19. Mukherjee, M.; Thomas, S.R.; Radford, K.; Dvorkin-Gheva, A.; Davydchenko, S.; Kjarsgaard, M.; Svenningsen, S.; Almas, S.; Felix,
L.C.; Stearns, J.; et al. Sputum Antineutrophil Cytoplasmic Antibodies in Serum Antineutrophil Cytoplasmic Antibody-Negative
Eosinophilic Granulomatosis with Polyangiitis. Am. J. Respir. Crit. Care Med. 2019, 199, 158–170. [CrossRef]

20. Sablé-Fourtassou, R.; Cohen, P.; Mahr, A.; Pagnoux, C.; Mouthon, L.; Jayne, D.; Blockmans, D.; Cordier, J.F.; Delaval, P.; Puechal, X.;
et al. Antineutrophil cytoplasmic antibodies and the Churg–Strauss syndrome. Ann. Intern. Med. 2005, 143, 632–638. [CrossRef]
[PubMed]

21. McKinney, E.F.; Willcocks, L.C.; Broecker, V.; Smith, K.G.C. The immunopathology of ANCA-associated vasculitis.
Semin. Immunopathol. 2014, 36, 461–478. [CrossRef] [PubMed]

22. Wong, C.K.; Dong, J.; Lam, C.W. Molecular mechanisms regulating the synergism between IL32 gamma and NOD for the
activation of eosinophils. J. Leukoc. Biol. 2014, 95, 631–642. [CrossRef] [PubMed]

23. Comarmond, C.; Pagnoux, C.; Khellaf, M.; Cordier, J.F.; Hamidou, M.; Viallard, J.F.; Maurier, F.; Jouneau, S.; Bienvenu, B.;
Puéchal, X.; et al. Eosinophilic granulomatosis with polyangiitis (Churg–Strauss): Clinical characteristics and long-term follow-up
of the 383 patients enrolled in the French Vasculitis Study Group cohort. Arthritis Rheum. 2013, 65, 270–281. [CrossRef] [PubMed]

24. Mukherjee, M.; Nair, P. Autoimmune Responses in Severe Asthma. Allergy Asthma Immunol. Res. 2018, 10, 428–447. [CrossRef]
[PubMed]

25. Kitching, A.R.; Anders, H.J.; Basu, N.; Brouwer, E.; Gordon, J.; Jayne, D.R.; Kullman, J.; Lyons, P.A.; Merkel, P.A.; Savage, C.O.;
et al. ANCA-associated vasculitis. Nat. Rev. Dis. Prim. 2020, 6, 71. [CrossRef]

26. Wechsler, M.E.; Akuthota, P.; Jayne, D.; Khoury, P.; Klion, A.; Langford, C.A.; Merkel, P.A.; Moosig, F.; Specks, U.; Cid, M.C.; et al.
Mepolizumab or Placebo for Eosinophilic Granulomatosis with Polyangiitis. N. Engl. J. Med. 2017, 376, 1921–1932. [CrossRef]

27. Steinfeld, J.; Bradford, E.S.; Brown, J.; Mallett, S.; Yancey, S.W.; Akuthota, P.; Cid, M.C.; Gleich, G.J.; Jayne, D.; Khoury, P.; et al.
Evaluation of clinical benefit from treatment with mepolizumab for patients with eosinophilic granulomatosis with polyangiitis.
J. Allergy Clin. Immunol. 2019, 143, 2170–2177. [CrossRef] [PubMed]

28. Schleich, F.; Brusselle, G.; Louis, R.; Vandenplas, O.; Michils, A.; Pilette, C.; Peche, R.; Manise, M.; Joos, G. Heterogeneity of
phenotypes in severe asthmatics. The Belgian Severe Asthma Registry (BSAR). Respir. Med. 2014, 108, 1723–1732. [CrossRef]

29. Van Hulst, G.; Bureau, F.; Desmet, C.J. Eosinophils as drivers of severe eosinophilic asthma: Endotypes or plasticity? Int. J. Mol. Sci.
2021, 22, 10150–10167. [CrossRef]

30. Greco, A.; Rizzo, M.I.; De Virgilio, A.; Gallo, A.; Fusconi, M.; Ruoppolo, G.; Altissimi, G.; De Vincentiis, M. Churg-Strauss
syndrome. Review Autoimmun. Rev. 2015, 14, 341–348. [CrossRef]

31. Ryoji, N.; Haruki Ken, O.; Yuki Shohei, I.; Yuichi, K.; Masahiro, I.; Masahisa, K.; Gen, S. Differential clinicopathologic features of
EGPA-associated neuropathy with and without ANCA. Neurology 2020, 94, e1726–e1737.

32. Guilpain, P.; Guillevin, L.; Mouthon, L. Eosinophil granule cationic proteins: Eosinophil activation markers. Rev. Med. Interne
2006, 27, 406–480. [CrossRef] [PubMed]

33. Saito, H.; Tsurikisawa, N.; Tsuburai, T.; Oshikata, C.; Akiyama, K. Cytokine production profile of CD4+ T cells from patients with
active Churg-Strauss syndrome tends toward Th17. Int. Arch. Allergy Immunol. 2009, 149 (Suppl. 1), 61–65. [CrossRef] [PubMed]

http://doi.org/10.1002/1529-0131(200102)44:2&lt;469::AID-ANR66&gt;3.0.CO;2-0
http://doi.org/10.1093/rheumatology/kes171
http://doi.org/10.1093/rheumatology/ken033
http://www.ncbi.nlm.nih.gov/pubmed/18397958
http://doi.org/10.1007/s11882-017-0735-9
http://www.ncbi.nlm.nih.gov/pubmed/28895020
http://doi.org/10.1016/j.jaci.2015.05.037
http://doi.org/10.1111/cea.13209
http://www.ncbi.nlm.nih.gov/pubmed/29908086
http://doi.org/10.1007/s10875-013-9898-x
http://doi.org/10.1097/ACI.0000000000000614
http://doi.org/10.1164/rccm.201804-0809OC
http://doi.org/10.7326/0003-4819-143-9-200511010-00006
http://www.ncbi.nlm.nih.gov/pubmed/16263885
http://doi.org/10.1007/s00281-014-0436-6
http://www.ncbi.nlm.nih.gov/pubmed/25056155
http://doi.org/10.1189/jlb.0813452
http://www.ncbi.nlm.nih.gov/pubmed/24295830
http://doi.org/10.1002/art.37721
http://www.ncbi.nlm.nih.gov/pubmed/23044708
http://doi.org/10.4168/aair.2018.10.5.428
http://www.ncbi.nlm.nih.gov/pubmed/30088364
http://doi.org/10.1038/s41572-020-0204-y
http://doi.org/10.1056/NEJMoa1702079
http://doi.org/10.1016/j.jaci.2018.11.041
http://www.ncbi.nlm.nih.gov/pubmed/30578883
http://doi.org/10.1016/j.rmed.2014.10.007
http://doi.org/10.3390/ijms221810150
http://doi.org/10.1016/j.autrev.2014.12.004
http://doi.org/10.1016/j.revmed.2006.01.008
http://www.ncbi.nlm.nih.gov/pubmed/16510214
http://doi.org/10.1159/000210656
http://www.ncbi.nlm.nih.gov/pubmed/19494507

	Introduction 
	Materials and Methods 
	Study Population 
	Blood Eosinophil Grouping Strategy 
	Statistical Methodology 

	Results 
	Patients’ Characteristics 
	Eosinophils Are Associated with PNS Involvement 
	ANCA Are Associated with PNS Involvement 
	EGPA Phenotypes: The “Only-Lung EGPA” Patients 

	Discussion 
	References

