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Abstract. Introduction: Eosinophils play
an important regulatory and immunomodu-
latory role in airway mucosa and have an-
tiparasitic and antiviral properties as well
as pro-inflammatory effects that may also
cause persistence of inflammation with tis-
sue remodeling. The number of eosinophils
and the detection of specific mediators in
biological samples from, e.g., blood, nasal
secretions, and bronchial fluid can serve
as biomarkers that reflect the underlying
pathophysiology of certain diseases, predict
treatment success, and detect therapy ef-
fects. Materials and methods: A literature
search was conducted to determine the
immunologic basis, mode of action, clini-
cal significance, and available evidence for
therapeutic approaches using eosinophil-
targeted monoclonal antibodies by search-
ing Medline, Pubmed, and the national and
international trial database (ClinicalTrials.
gov) and guideline registries as well as the
Cochrane Library. Human studies published
on the topic in the period up to and includ-
ing 10/2023 were considered. Results: Based
on the international literature and previous
experience, the results are summarized, and
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recommendations are given. Conclusion:
The important role of eosinophils in immu-
nological processes in the airway mucosa is
comprehensively analyzed and can serve as
a basis for current and future treatment ap-
proaches.

Introduction

Eosinophils develop both beneficial and
harmful activities as part of immune re-
sponses, they are involved in the mainte-
nance of health and homeostasis, but also
in the development of diseases. Their role in
the pathophysiology of various allergic and
non-allergic diseases has been known for
decades [1, 2]. This has led to the develop-
ment of a wide range of therapies focusing
on eosinophils, either acting non-specifically
by inhibiting various upstream or down-
stream immune pathways or specifically by
eosinophil-targeted biologics [3, 4].
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Recently, several previously unknown
physiological functions of eosinophils have
been identified, consisting of important
regulatory and immunomodulatory, anti-
inflammatory, antiparasitic, and antiviral
properties [5, 6]. On the other hand, the in-
volvement of pro-inflammatory eosinophils
in the initiation, progression, and persis-
tence of inflammation with tissue remodel-
ing is well known and has been documented
for many decades — especially in the upper
and lower respiratory tract. Therefore, the
eosinophil count in biological samples from
different body compartments such as blood,
nasal secretions, or bronchial fluid can serve
as a biomarker that reflects the underlying
pathophysiology of certain diseases, can
roughly predict treatment success, and de-
tect therapy effects [3, 4, 7]. The precise
definition of eosinophilia and the distinction
between an actual pathological condition
and hypereosinophilia as an epiphenom-
enon are crucial for the correct interpreta-
tion and use of eosinophils as biomarkers in
clinical practice.

Origin and life cycle

Eosinophils are part of the innate im-
mune system and belong to the white
blood cell family [8]. These cells were first
described by Paul Ehrlich in the 19t century
[9], who gave his name to the German regu-
latory authority in vaccines, the Paul Ehrlich
Institut in Langen. Eosinophils have a char-
acteristic bilobed nucleus and large gran-
ules that can be intensely stained with the
dye eosin, which gave the cells their name.
The granules contain several enzymes and
cationic proteins, including peroxidases,
lysosomal enzymes, and the major basic
protein (MBP). Eosinophils originate from
the bone marrow, where they are formed
from a myeloid precursor that they share
with basophils [10]. At the myelocyte stage,
the precursor cells stop dividing and enter a
maturation phase of ~ 4 days, during which
the cells mature into functional granulo-
cytes [11].

This process is regulated by cytokine re-
ceptors (e.g., CD131-containing receptors:
CD116/CD131, CD123/CD131, and CD125/
CD131, which bind to GM-CSF, IL-3, and IL-
5, respectively [12]), alarmin receptors (e.g.,

ST2, which binds to IL-33) [13], and specific
transcription factors (e.g., GATA1/2 and C/
EBPs) [14]. Subsequently, mature eosino-
phils are released from the bone marrow
and can be detected in small numbers in the
peripheral blood (~ 50 — 150 cells/mL blood;
1 — 3% of total leukocytes) in homeostasis
[15]. The possibility of in situ eosinophilo-
poiesis has also been described [16]. In ho-
meostasis, the half-life of eosinophils in pe-
ripheral blood is unknown but is estimated
to be 11 -63 hours [17, 18, 19].

In a healthy state, eosinophils can be
detected in various tissues such as the in-
testine and fatty tissue, where they fulfill
various homeostatic functions. An increased
number of pre-activated eosinophils can
be found in the peripheral blood and in in-
flamed target tissues in various diseases,
especially but by no means only in allergic
diseases [20]. In addition to the classic aller-
gic respiratory diseases asthma and rhinitis,
which are associated with eosinophil infil-
tration of the target organs, there is a broad
spectrum of non-allergic diseases (e.g., non-
allergic eosinophilic asthma and eosinophil-
ic bronchitis, eosinophilic granulomatosis
with polyangiitis, chronic rhinosinusitis with
nasal polyps (CRSWNP), non-allergic eosino-
philic rhinitis, eosinophilic esophagitis (EoE),
anaphylaxis, etc.) [21, 22]. etc.) [21, 22, 23,
24, 25, 26, 27, 28, 29, 30, 31, 32, 33]. They
can be accompanied by high eosinophil
counts, which can be detectable both in the
blood and in the tissue.

IL-5 is a central cytokine for the life cycle
of eosinophils as it is firstly a growth factor
for eosinophil progenitor cells, secondly is in-
volved in the mobilization of eosinophils from
the bone marrow, and thirdly plays an impor-
tant role in their activation and their colo-
nization in target tissues [34]. However, the
presence of IL-5 is not solely crucial for the
development of eosinophils, as IL-5 knockout
mice still exhibit activated eosinophils [35].

A study with a monoclonal antibody
against IL-5 (mepolizumab) showed a signifi-
cant decrease in eosinophils in the periph-
eral blood and inflamed tissue in patients
with EoE but had no effect on the eosino-
phil count in the duodenum [36]. Similarly,
treatment with mepolizumab significantly
reduced the number of eosinophils in pe-
ripheral blood and sputum [37], but did not
lead to a significant reduction in eosinophils
in airway tissue and eosinophil activation
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markers such as MBP [38]. This may be due
to the fact that a certain subset of airway
resident eosinophils do not respond to IL-5
[39]. There is a growing consensus that IL-5
plays an important role in reactive eosino-
philia, whereas it appears to be less impor-
tant for homeostatic eosinophils in tissues.
A detailed and comprehensive overview of
all migration and activation factors of eosin-
ophils as well as their mediators and recep-
tors can be found in a recent review [40].

Functions

Traditionally, eosinophils have been
described as important cells of the innate
immune defense against multicellular para-
sites, especially helminths. This is largely
based on observations of eosinophilia in the
context of parasitic diseases and the killing
of parasites by eosinophils and their toxic
granules in vitro [41].

However, profound functional mecha-
nisms in which eosinophils are involved are
only partially understood yet and may also
differ from species to species, as eosinophils
only make a variable contribution to para-
site killing in mouse models, for example
[42]. One of the most important tasks of
eosinophils is to maintain tissue homeosta-
sis in various organs such as the lungs, nose
and paranasal sinuses, gastrointestinal tract,
thymus, and adipose tissue. They support
the normal function of the immune system
(immune tolerance), promote fertility and
prevent obesity and bronchial hyperreactiv-
ity [43, 44, 45]. This is mainly due to the fact
that these eosinophils are found in numerous
healthy human tissues (see overview) [6] and
in mouse models of metabolism [46], endo-
metriosis [47], and other tissue functions
[48]. The mechanisms underlying these func-
tions are discussed in more detail below.

Mechanisms of eosinophil
activation and function

Eosinophils express a variety of recep-
tors on their surface, which have been de-
scribed in detail in a recent review [8]. Sev-
eral receptors are important for therapeutic

targeting of specific eosinophil-related dis-
eases. Eosinophils express three receptors
with a common B-chain (GM-CSF, IL-3 and
IL-5 receptor), all of which are involved in
the control of the eosinophil life cycle, in-
cluding survival. In addition, the eosinophil-
specific Siglec-8 is also involved in their
survival. Several eosinophil receptors are in-
volved in adhesion to the endothelium (for
example, L-selectin, Mac-1/CD11b/CD18,
VLA-4/CD49d) and chemotaxis (for example,
CCR3/CD193, C5aR/CD88, platelet activa-
tion receptor) [49]. In addition, several sur-
face receptors are associated with eosino-
phil activation (for example, Fcy RII/CD32A,
Fca R/CD89, CR3 - CD11b, glucan receptors)
[40, 50, 51, 52, 53].

Eosinophils are highly cytotoxic due to
their intracellular mediators, which can be-
come a potential threat to the host tissue if
they are not adequately controlled. Pre-acti-
vation or priming is a crucial mechanism in
this process. Under homeostatic conditions,
eosinophils tend to be refractory cells that
can only respond to high concentrations
of activators, such as opsonized particles.
However, when eosinophils are exposed
to specific cytokines or other immune me-
diators in vitro, even at low concentrations,
they can rapidly (within 1 — 15 minutes, de-
pending on the priming agent) transition to
a pre-activated phenotype that makes them
highly susceptible to these targets [20, 54].
Priming can also occur in patients with eo-
sinophil-mediated diseases [55].

Eosinophils have a whole arsenal of cy-
totoxic effector mechanisms that are mainly
exerted extracellularly, i.e., within the syn-
apse between the cell and its major (i.e.,
parasitic) targets. These functions include
the abundant production of reactive oxy-
gen species by a membrane-bound NADPH
oxidase (NOX-2) [56], the degranulation of
highly cytotoxic granular proteins (for ex-
ample, MBP, eosinophil peroxidase, eosino-
phil cationic protein (ECP), or eosinophil-
derived neurotoxin (EDN)) [57] or peptides
(e.g., polycationic peptides) into the synapse
and the killing of extracellular targets by the
formation of eosinophilic extracellular traps
(EET) [58]. In addition, eosinophils produce
a variety of cytokines (e.g. IL-4, IL-5, and
GM-CSF) and bioactive lipid mediators (e.g.,
leukotriene C4 and platelet activating fac-
tor), which are released upon activation [59,
60, 61].
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Eosinophils are relatively inert or re-
fractory in the bloodstream and in tissues.
When activated by receptors, they release
their cytotoxic components and cause tis-
sue damage. Eosinophils harbor a unique
secretory organelle, the so-called crystalloid
granule, which contains MBP in high concen-
trations and leads to the formation of a crys-
talline core. The content of the crystalloid
granules can only be released by eosinophils
through degranulation. There are several
types of degranulation in eosinophils, most
of which fall into the category of classical
exocytosis with SNARE-mediated mem-
brane fusion (including compound exocyto-
sis and piecemeal degranulation, the latter
occurring mainly in allergic inflammation)
[60, 62, 63, 64, 65, 66]. In addition, free eo-
sinophil granules can be released as intact,
membrane-bound organelles by a form of
necrotic release also known as cytolysis
[67]. Eosinophils also release DNA into the
extracellular space during EET formation.
The molecular mechanism of this process is
not yet fully understood [58, 68]. EET forma-
tion occurs independently of degranulation,
although granule proteins have been de-
tected on DNA strands [69]. The association
of granule products with DNA has been sug-
gested to occur both before [58, 70] and af-
ter their release [71]. EETs have been shown
to increase the viscosity of nasal secretions
in patients with chronic rhinosinusitis [72].
In addition, EETs have also been associated
with Charcot-Leyden crystals, which in turn
have been associated with eosinophilia in
the past [73]. Furthermore, eosinophil-de-
rived Charcot-Leyden crystals in the mucus
of asthma patients play a role in allergic in-
flammation, goblet cell metaplasia, IgE syn-
thesis, and bronchial hyperreactivity [74].

In addition to their involvement in the
defense against parasites, eosinophils are
also involved in other aspects of immunity
as outlined below.

Antiviral functions

Eosinophils can inactivate viruses. Gran-
ular proteins of eosinophils such as ECP and
the neurotoxin EDN have RNAse activity
that can inhibit viral replication in situ. This
antiviral effect may be lost in patients with
allergic asthma [64] and this may explain

why viral infections often precede exacerba-
tions of allergic asthma. Eosinophils possess
several pathogen-related receptors that can
recognize viral antigens (for example, toll-
like receptors TLR-3, -7, -9 and RIG-I recep-
tor), produce several cytokines with antiviral
effects (for example, IL-2, IL-12, and IFN-y),
express costimulatory molecules (for ex-
ample, CD80, CD86, CD28, CD40) and are
actively involved in the presentation of viral
antigens to CD8 T lymphocytes [75]. Pos-
sible defense mechanisms of eosinophils
against SARS-CoV-2 in COVID-19 have also
been described [76]. While eosinopenia has
been identified as a prospective screening,
diagnostic, and prognostic tool, the actual
role of eosinophils in lung pathology in this
infection is unclear [77]. Eosinopenia has
been shown to be an early, appropriate di-
agnostic and screening tool for COVID-19 in-
fection [78, 79] and a prognostic marker for
disease severity and unfavorable outcome in
patients with COVID-19 pneumonia [80, 81,
82, 83]. Interestingly, eosinophilia (especial-
ly in asthma patients treated with inhaled
corticosteroids) has been associated with a
better outcome of COVID-19 disease [84].
On the other hand, studies analyzing the
outcome of COVID-19 in patients with se-
vere asthma under biologic therapy showed
inconsistent results — also regarding SARS-
CoV-2 vaccinations [85, 86, 87, 88, 89, 107].

Other anti-infective effects of
eosinophils

The prominent role of eosinophils in par-
asitic infections is well known. These effects
include antigen presentation and modula-
tion of the T-cell reaction. They modulate
the production of IgE and the production
of mucus by goblet cells. In addition, their
granular proteins are directly involved in
the killing and neutralization of parasites
[42, 90]. On the other hand, eosinophils
can also have a deleterious effect in certain
parasitic infections, which can contribute to
tissue damage [91]. Eosinophils also play a
role in the complex defense against selected
bacteria. Although their phagocytic activ-
ity and bacterial killing is lower than that of
neutrophils, they contribute to the elimina-
tion of selected bacteria, while their granu-
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lar proteins and enzymes help to neutralize
bacterial proteins [92, 93]. The formation of
extracellular traps by eosinophils (stimulat-
ed by various mediators, for example, thy-
mic stromal lymphopoietin) is an important
phenomenon in bacterial killing [94]. Finally,
eosinophils also exert antifungal activities.
They use their CD11b surface receptor to
recognize B-glucan —a major component of
the cell wall of fungi [53]. Proteases released
by fungi activate protease-activated recep-
tors in eosinophils, resulting in the release
of various cytokines. In addition, eosinophils
can probably inactivate fungal spores [95].

Modulation of inflammation
and fibrosis

It is often not known that eosinophils
also have regulatory or even anti-inflam-
matory properties. In mast cell-induced in-
flammation, for example, they can modulate
the harmful effects of mast cell activation
by oxidative deamination of histamine and
enzymatic inactivation of other mast cell in-
flammatory mediators [96]. Eosinophils can
also suppress T cells (“regulatory eosino-
phils”) [97]. In fibrogenesis, eosinophils play
a pathophysiological role by releasing TGF-
and thus stimulate collagen production by
parenchymal cells [98].

Hypereosinophilic syndrome
(according to Schwaab et al.
[991)

Blood eosinophils are measured by tak-
ing a differential blood count. For better
comparability, it should be carried out un-
der standardized conditions and without
recent physical stress. A distinction is made
between relative and absolute hypereosino-
philia: the limit values of 0.5 G/IL or 6% in
the differential blood count from whole
blood apply here. Blood hypereosinophilia
can also be graded from mild to moderate
to severe and in terms of its duration — tran-
sient, episodic, persistent. In order to make a
diagnosis of hypereosinophilia in the blood,
two abnormal samples must be taken more
than 2 weeks apart.

Hypereosinophilia can also be detected
in organs other than the blood. Tissue hype-
reosinophilia is diagnosed by clinical-patho-
logical assessment of tissue samples if eosin-
ophils or their markers are found extensively
in the tissue (bone marrow: > 20% of nucle-
ated cells). Tissue damage is not necessarily
present in this case; however, if this is the
case, a diagnosis of (tissue-specific) hype-
reosinophilic syndrome (Schwaab et al. [99])
should be made, depending on whether or
not blood hypereosinophilia is also present
at the same time.

Eosinophilia is associated with a variety
of diseases that have different underlying
causes and can affect different organs [99].
The diagnostic approach to hypereosino-
philia is facilitated by the established subdi-
vision into primary and secondary (= reac-
tive) hypereosinophilia [100], which have
been further refined according to updated
classifications [101, 102]. Recently, new, re-
fined diagnostic criteria and a classification
of eosinophilic diseases have been proposed
[103]:

— Familial (hereditary) hypereosinophilia
— is often diagnosed in childhood and is
sometimes associated with immunodefi-
ciencies;

— Hypereosinophilia of unknown signifi-
cance — without familial clustering, un-
derlying pathology, associated molecular
(genetic) abnormalities or organ damage
caused by hypereosinophilia;

— Secondary (reactive) hypereosinophilia
— non-clonal eosinophilia due to various
immunoregulatory mechanisms;

— Primary (clonal, neoplastic) hypereosin-
ophilia — caused by malignant degener-
ated eosinophils.

Conclusion

In addition to the well-characterized pro-
inflammatory and disease-promoting ef-
fects of eosinophils in the context of chronic
inflammatory diseases — including in the up-
per and lower respiratory tract — these cells
also have homeostatic, anti-inflammatory,
and anti-infectious activities.

These have often not been adequately
considered to date, but these properties
must be taken into account when selecting
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therapies that affect eosinophils in different
ways. Therapeutic effects can range from a
reduction in the number of cells to the com-
plete depletion of eosinophils.

It is important to note that there has
been considerable progress in therapies
targeting eosinophils and that these thera-
pies have become much more targeted and
precise due to the availability of eosino-
phil (IL-5)-targeting monoclonal antibodies
(mAbs, biologics) [104, 105, 106].

All biologics approved to date have
shown a positive treatment effect and im-
proved disease burden in patients with
eosinophil-related diseases. However, stud-
ies on predictors of a good clinical response
to these biologics are still insufficient and,
particularly in patients with severe eo-
sinophilic disease, there appears to be in-
volvement and simultaneous activation of
multiple signaling pathways. Phenotyping
patients based on eosinophil granulocytes
in the blood may therefore not be accurate
enough for targeted endotyping. In CRSWNP
and also in asthma, for example, the use
of blood eosinophils as the only biomarker
often proved to be insufficient for selecting
the right drug for the right patient or for ef-
ficient monitoring of therapeutic response.

Therefore, it is important to understand
the underlying immunology of CRSWNP and
possibly establish immunoendotyping of pa-
tients to select the most appropriate treat-
ment.
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