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Introduction

The eosinophil is a leukocyte whose granules stain beautifully and avidly with the acidic red 

dye eosin (also known as bromoeosin, solvent red 43, 2′,4′,5′,7′-tetrabromofluorescein or 

C20H8Br4O5). This cell, or a counterpart of this cell, exists in virtually all vertebrates (see 

Figure 1).1 Even though its existence has only been appreciated for about 150 years, 

estimates based on evolutionary considerations suggest that the eosinophil lineage is several 

hundred million years old.2 The fact that this cell type has survived the test of time, 

including evolutionary pressures, and has been retained as part of innate immunity 

highlights the important benefits that eosinophils must provide to its host. Yet as clinicians, 

when elevated numbers show up in a tissue biopsy or on a blood count (typical normal levels 

<500 per μL, although normal ranges vary from 350 to 600 depending on the lab; 

eosinophilia defined as an eosinophil count >500 per μL, with the term hypereosinophilia 

reserved for eosinophil counts >1,500 per μL), distinct subsets of disorders come to mind, so 

for most of us, this enigmatic cell is instead more often thought of as a troublemaker. 

Nevertheless, the purpose of this review is to highlight the biology of eosinophils in both 

sickness and in health. The focus will primarily be restricted to what is known about the 

useful things eosinophils do, while at the same time providing an update on our current 

thinking regarding pathogenesis of eosinophil-related disorders, primarily in adults. For 

those interested in exploring this general topic even further, it has been the subject of one 

wide-ranging textbook3 and several reviews.4–7 And for those seeking comprehensive 
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reviews on diagnosis and treatment of eosinophil-related diseases, the reader is referred 

elsewhere.8–13

Eosinophil hematopoiesis

To make an eosinophil, you need a few key ingredients within its hematopoietic precursor 

that allows this granulocyte to develop away from a neutrophil or basophil. Studies in mice 

and/or humans suggest that these include a unique set of transcription factors, including C/

EBPε, GATA-1, PU.1, Helios, Aiolos and XBP1 and without them, eosinophils fail to 

develop (Figure 2).14 Similarly, the eosinophil lineage is dependent on the appearance of a 

specific receptor on its surface for the cytokine interleukin-5 (IL-5), namely the IL-5 

receptor. This heterodimer consists of a specific α chain (CD125, also found on basophils) 

and a β chain common to the IL-5 receptor (CD131), the latter also part of the receptors for 

IL-3 and granulocyte-macrophage colony-stimulating factor (GM-CSF). Surface expression 

of the IL-5 receptor is one of the earliest eosinophil-specific lineage-commitment events that 

occurs within the bone marrow, although recent data in mice suggest that another cytokine, 

IL-33, plays a previously unappreciated role in enhancing eosinophil differentiation at a 

point upstream of IL-5’s effects.15 Given this pivotal and selective role of the IL-5 receptor, 

it is not surprising that the recently approved biologic benralizumab, which targets the α 
chain of the IL-5 receptor for antibody-dependent cellular cytotoxicity and NK cell 

depletion, is particularly effective at eliminating eosinophils.16 While the source of IL-5 and 

IL-33 within the bone marrow needed to make eosinophils remains controversial, it is likely 

that T cells and certain innate lymphoid cells (ILC2) are important sources, at least for 

IL-5.17, 18

Eosinophil Diaspora and Lifespan

Eosinophils leave the bone marrow as terminally differentiated cells incapable of further 

division and enter the circulation via steps that include alterations in their adhesive and 

migratory properties.19 Under normal conditions, once in the circulation, their life-span is 

about 24 hours in humans, which is about twice as long as it is for neutrophils.20 Some 

eosinophils appear to traffic to the liver and spleen, but the main site of eosinophil 

accumulation and residence within the body under homestasis is the gastrointestinal tract 

from stomach to intestine. Normally, there are very few if any eosinophils in the upper or 

lower airways or in the esophagus. Extravasation out of the circulation into tissue sites is 

particularly dependent on the function of β1 and β2 integrin adhesion molecules and their 

endothelial and tissue counter-receptors vascular cell adhesion molecule-1 (VCAM-1), 

mucosal addressin cell adhesion molecule-1 (MAdCAM-1) and intercellular cell adhesion 

molecule-1 (ICAM-1), as well as eosinophil-selective chemoattractants including those that 

active the CCR3 chemokine receptor such as the eotaxins.21 After entering tissues, it is 

estimated that eosinophils normally survive only a few days, but at sites of ongoing 

inflammation, where GM-CSF or other pro-survival cytokines are being produced by tissue-

resident cells and perhaps even eosinophils themselves, eosinophils can persist for weeks.
22, 23
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Helpful Eosinophil Functions in Homeostasis and Host Defense

Much of what we know about the role of eosinophils in homeostasis and health is based on 

data from animal studies. While there are reports of seemingly healthy individuals who 

appear to lack eosinophils24 and mice genetically engineered to be “eosinophil knockout” 

animals have no obvious aberrant phenotype,25–27 the current doctrine would suggest that 

it’s a good thing to have some eosinophils. As summarized in Table 1, eosinophils are felt to 

contribute a range of beneficial substances that aid in tissue development, remodeling and 

repair, especially at sites of barriers such as epithelial surfaces.23, 28–30 Their roles in both 

innate and adaptive immune responses include favorably influencing immune cell 

development, providing anti-bacterial, anti-fungal and anti-viral responses, and helping to 

control glucose metabolism, myocyte regeneration, brown fat development and adiposity.
1, 4, 5, 7, 23, 31–33 Many of these concepts are mainly rooted in data from animal models, with 

their translational relevance still uncertain. And despite the seemingly dogmatic, important 

role of eosinophils during type 2 immune responses to helminths and other parasitic 

infections, even this concept remains controversial.34 One way to illustrate this point is to 

examine the safety portion of the package insert (https://www.azpicentral.com/fasenra/

fasenra_pi.pdf#page=1, accessed on January 16, 2018) for benralizumab (Fansenra™): 

“Eosinophils may be involved in the immunological response to some helminth infections. 

Patients with known helminth infections were excluded from participation in clinical trials. 

It is unknown if FASENRA will influence a patient’s response against helminth infections. 

Treat patients with preexisting helminth infections before initiating therapy with FASENRA. 

If patients become infected while receiving treatment with FASENRA and do not respond to 

anti-helminth treatment, discontinue treatment with FASENRA until infection resolves.” So 

while there is a growing interest in what eosinophils actually do to help the host, this area 

remains ripe for more research.35

Eosinophil-Related Diseases

With the exception of subsets of asthma and atopic dermatitis, eosinophil-related diseases 

including eosinophilic esophagitis are uncommon, and most would satisfy the definition of a 

rare disease, namely a prevalence of ≤ 200,000 cases in the United States (Table 2). 

Eosinophil-related diseases consist of a group of disorders where eosinophils are felt to 

cause disease, and where there is accompanying evidence of increased blood and/or tissue 

eosinophils with or without evidence of their activation. While it is common to characterize 

these as either “primary” (e.g., hypereosinophilic syndromes, HES) or “secondary” or 

“reactive” (e.g., parasitic diseases), among the shortcomings of this approach to disease 

categorization is that for many of them, we remain unsure as to what exactly the eosinophil 

involvement actually represents, except where treating an underlying disease (parasitism, 

drug reactions) should routinely cause the eosinophilia to resolve. So while this 

categorization can be useful, it is probably best to think of eosinophil-related diseases as a 

spectrum of disorders ranging from those that are more systemic versus those that are 

distinguished by a more predictable pattern of organ specificity (see Table 2).35–37 And even 

within the realm of eosinophil-related diseases, the location, type of tissue injury and 

magnitude of eosinophilia varies widely. Under inflammatory conditions, eosinophil 

numbers in the circulation or in tissues can expand greatly, and the development of 
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eosinophilia can be rapid. For example, allergen provocation of the airway can result in 

blood eosinophilia within hours of the challenge. Often, the total eosinophil count in the 

blood can provide useful information when initially considering the differential diagnosis 

and subsequent workup for patients presenting with eosinophilia or hypereosinophilia 

(Figure 3). Extremely high total eosinophil counts (e.g., >5,000/μL) have a much narrower 

list of possible causes, while many eosinophil-related diseases can present with a normal 

blood total eosinophil count (e.g., eosinophilic esophagitis). Therefore, the general approach 

to a patient suspected of having an eosinophil-related disease should include consideration 

of a customized diagnostic investigation based on signs and symptoms of organ 

involvement, and determining what tissue, if any, to biopsy. When faced with a patient with 

persistent hypereosinophilia, the differential diagnosis can be narrowed based on the clinical 

presentation (Figure 3).8 For example, suspicion for eosinophilic granulomatosis with 

polyangiitis (EGPA, formerly known as Churg Strauss syndrome, one of the “overlap” forms 

of HES) should arise if there is accompanying asthma, often with sinus disease, and 

evidence of involvement of other organs such as nerves, skin or the gastrointestinal system. 

Primary skin involvement in the setting of hypereosinophilia, such as a pruritic macular rash 

with or without angioedema, or even severe pruritus without rash, should result in the 

consideration of HES, including the lymphocytic variant of HES. The finding of 

lymphadenopathy and/or splenomegaly with hypereosinophilia would suggest the myeloid 

variant of HES. Defining the type of HES, using specific blood testing and biopsies of 

involved organs including the bone marrow, then dictates both prognosis and specific 

treatments.9, 13 Thus, treatments range from the use of systemic corticosteroids to tyrosine 

kinase inhibitors for specific variants of myeloid HES to biologics (e.g., mepolizumab for 

EGPA38 or idiopathic HES39) to interferon-α, mepolizumab or immunosuppressive agents 

(for idiopathic and lymphocytic forms of HES40, 41) to hydroxyurea (for idiopathic and 

myeloid HES42), and most recently JAK inhibitors (for myeloid and lymphocytic forms of 

HES43).

Pharmacologic Manipulation of Eosinophils: What has this taught us about 

the role of eosinophils in health and disease?

Separate from the discussion of the normal lifespan of the eosinophil, it is important to 

briefly review ways to actively eliminate eosinophils via pharmacology, and how this 

influences our knowledge of the role of eosinophils in sickness and in health. Best known 

and most used among these treatment approaches are glucocorticosteroids, which reduce 

circulating and tissue eosinophils within hours via mechanisms that include direct activation 

of eosinophil death.44 Under certain circumstances, however, eosinophils can become 

resistant to these drugs, such as in myeloproliferative forms of hypereosinophilic 

syndrome45 or in the presence of high levels of eosinophil-survival cytokines like IL-5, at 

least in vitro. With the administration of anti-IL-5 antibodies like mepolizumab or 

reslizumab, blood eosinophils typically decline by ≥80% within days, but do not necessarily 

decline as much in tissues, such as the lower airway in asthma, presumably because other 

eosinophil pro-survival cytokines like GM-CSF might still be active at sites of tissue 

eosinophilia.46–48 By comparison, administration of the anti-IL-5 receptor antibody 

benralizumab causes a more profound and prolonged active depletion of eosinophils due to 
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antibody-dependent cellular cytotoxicity.16, 49 These anti-eosinophil biological agents are 

steroid-sparing in asthma and eosinophilic granulomatosis with polyangiitis.38, 50, 51 And it 

is worth noting that the targeting of eosinophils in eosinophilic asthma reduces 

exacerbations52 and may improve airway remodeling through mechanisms that remain 

elusive,53 even though its effects on lung function are variable and generally fail to alter 

airways hyperreactivity.48, 52, 54 So far, data from multi-year use suggest they are safe in that 

chronic reductions of eosinophils in asthma and hypereosinophilc syndromes appears well 

tolerated,41, 55 yet unexpected issues such as herpes zoster have appeared in very small 

numbers during asthma trials with some anti-eosinophil agents such as mepolizumab but not 

others, so whether rare side effects will emerge with chronic eosinopenia remains to be 

determined.

Studies of hypereosinophilic syndrome and eosinophilic esophagitis provide us with 

additional opportunities to gain insight into the role of eosinophils in these conditions. While 

mepolizumab was shown to have corticosteroid-sparing properties in certain 

hypereosinophilic syndromes,39, 56 it was the paradigm-changing discovery that some forms 

of hypereosinophilic syndrome are “cured” with imatinib, a tyrosine kinase inhibitor, 

because of gain-of-function molecular rearrangements such as the FIP1L1-PDGFRA fusion 

gene resulting from an interstitial deletion of a portion of chromosome 4. This is a 

wonderful example of how pharmacology completely and definitively redefined one subset 

of hypereosinophilic syndrome into that of a form of eosinophilic leukemia.57–59 In contrast, 

the clinical effects of mepolizumab and reslizumab in eosinophilic esophagitis have so far 

been inconsistent and mostly disappointing despite reducing esophageal mucosal eosinophil 

counts (but not homeostatic numbers of eosinophils in the duodenal mucosa).60, 61 In nasal 

polyposis, the role of eosinophils is still evolving. For instance, in asthma trials, the 

subgroup with nasal polyposis was more likely to show a greater benefit from reslizumab.62 

When specifically studied for effects on nasal polyposis per se, mepolizumab had some 

clinical benefit, but it was neither profound nor consistent across all subjects.63 The same 

can be said for dexpramipexole, an oral small molecule that was fortuitously discovered to 

selectively reduce blood eosinophil counts.64 When tested in chronic rhinosinusitis with 

nasal polyposis, >90% reductions were seen in blood and nasal tissue eosinophils, but 

clinical outcome measures were disappointing.65 It will nonetheless be interesting to see 

what impact benralizumab and other anti-eosinophil drugs will have on these and other 

eosinophil-related diseases over time.

Other pharmacologic agents are teaching us more about eosinophils in sickness too. Small 

molecules targeting CCR3, a chemokine receptor selectively expressed on eosinophils, have 

so far proved ineffective in asthma,66 bringing into question the role of eotaxins in this 

disease. A phase 2 clinical trial in subjects with inadequately controlled asthma using a 

biologic targeting GM-CSF failed to show efficacy.67 In contrast, given their involvement in 

type 2 inflammation and in eosinophil recruitment, excitement is building for drugs targeting 

cytokines like IL-4, IL-13 and their shared IL-4 receptor α subunit. For example, dupilumab 

has shown efficacy in eosinophil-related diseases such as atopic dermatitis, asthma, nasal 

polyposis and eosinophilic esophagitis.68–71 Whether its benefits in these conditions are 

teaching us anything definitive about the role of eosinophils in each condition remains 

uncertain. Interestingly, a worsening of blood eosinophilia can be seen with dupilumab, 
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reminiscent of what is observed during treatment with the anti α4 integrin biologic 

natalizumab72 but not the anti α4β7 integrin biologic vedolizumab,73 suggesting that IL-4 

receptor α and α4β1 integrins, but not α4β7 integrins, are involved in regulating eosinophil 

trafficking under homeostatic and inflammatory conditions.19, 21 As more drugs are 

developed that either directly74, 75 or indirectly target eosinophils,76–78 we should learn even 

more about their role in specific diseases.

Conclusion

Recent advances have both highlighted and expanded our knowledge of the role of 

eosinophils in health and disease. Many intriguing findings from mouse models remain to be 

verified in humans. The availability of new drugs, especially highly specific biologics 

targeting eosinophils or IL-5, are providing us with the precise tools needed to do 

pharmacologic hypothesis testing in humans regarding the benefits and risks of reducing 

eosinophils on a chronic basis. Such opportunities will undoubtedly inform and shape our 

evolving understanding of the contribution of the enigmatic eosinophil in sickness and in 

health.
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Key messages

• Eosinophils are ancient cells, having survived evolutionary pressures among 

virtually all vertebrates, which suggests that they provide important functions 

to their hosts.

• Eosinophils likely contribute beneficially to most forms of immunity 

including viral, bacterial, fungal and parasitic diseases.

• The degree of blood eosinophilia or hypereosinophilia can be helpful during 

initial considerations of a differential diagnosis.

• Newly approved biologic agents for asthma that reduce or even eliminate 

eosinophils have generally been well tolerated, not just in in asthma but in 

other chronic eosinophil-associated diseases, suggesting that reductions in 

eosinophil numbers achieved by such agents is relatively innocuous.
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Figure 1. 
Hematoxylin-eosin (H&E) and Romanowsky-dye (R&D) stained preparations of 

hematopoietic tissues from representative animals of the five (5) classes of Vertebrata reveal 

the ubiquitous presence of a uniquely eosinophilic lineage in this sub-phylum. Leukocytes 

displaying the unique polymorphonucleus and the eosin-binding cytoplasmic granules 

characteristic of eosinophils are identifiable (arrowheads) in Mammalia (Homo sapiens 
(human, H&E) and Mus musculus (mouse, R&D)), Aves (Columba livia (rock pigeon, 

H&E)), Reptilia (Pogona vitticeps (Bearded Dragon, R&D)), Amphibia (Rana pipens 
(leopard frog, H&E)), and Osteichthyes (Tilapia aurea (Tilapia, H&E)). Scale bar = 20μm. 

Reproduced from 1.
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Figure 2. 
Transcription Factor (TF) expression during eosinophil development. Eosinophils 

differentiate in the bone marrow from an eosinophil lineage-committed progenitor (EoP) that 

is derived from the granulocyte/macrophage progenitor (GMP) in mice and the common 

myeloid progenitor (CMP) in humans. For eosinophil lineage commitment to occur, the 

myeloid progenitor (GMP or CMP) must express C/EBPα, C/EBPε, interferon regulatory 

factor 8 (IRF8), and PU.1. Expression of friend of GATA-1 (FOG-1) declines, allowing for 

increasing expression and activity of GATA TFs, which is necessary for EoP production. 

Following lineage commitment, eosinophil granule protein gene expression is markedly 

increased with the collaborative interaction between C/EBPε, PU.1, and GATA-1. To assist 

with the elevated granule protein synthesis in the EoP and eosinophil precursors, XBP1 

expression is increased and promotes survival during the demanding maturation process. 

Expression of activator isoforms of C/EBPε peaks during eosinophil maturation and then 

declines during the final stages. Expression of ID2 increases during eosinophil maturation 

and enhances the rate of maturation. Reproduced from reference 14.
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Figure 3. 
Potential diagnosis based on the total blood eosinophil count at presentation. This general 

approach is not designed to provide absolute cutoffs, but instead is meant to help narrow 

down the list of likely diagnoses, which can then be further delineated based on history, 

physical exam and additional testing.

Abbreviations used: ABPA, allergic bronchopulmonary aspegillosis; EP, eosinophilic 

pneumonia; EGPA, eosinophilic granulomatosis with polyangiitis, formerly known as 

Churg-Strauss syndrome; DRESS, drug reaction with eosinophilia and systemic symptoms. 

Artwork by Jacqueline Schaffer.
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Table 1

Examples of purported roles for eosinophils in health and disease.

Eosinophils in Health Eosinophils in Disease: complications

Contribute growth factors and matrix metalloproteases for tissue 
development, remodeling and repair
Help maintain mucosal surfaces with high levels of epithelial turnover (e.g., 
intestine, endometrium)
Thymic and plasma cell development
Anti-helminth defenses (e.g., via release of granule proteins)
Anti-viral responses (e.g., via RNAses in released granule proteins)
Anti-bacterial responses (e.g., via release of mitochondrial DNA traps)
Anti-fungal immunity (e.g., via recognition of fungal glycans)
Control of adiposity (e.g., via release of cytokines that infuence other cells to 
enhance glucose metabolism and levels of “beneficial” beige fat)

Tissue injury and inflammation

- endocardial and myocardial

- pruritus, urticarial, angioedema erythroderma, 
bullous disease

- wheeze, pneumonia, cough, chronic rhinosinusitis, 
nasal polyposis

- abdominal pain, dysphagia, dysmotility, fibrosis

- coagulopathy and thromboembolic consequences

- graft-versus-host disease

- transplant rejection

- vasculitis and other autoimmune features

- drug reactions

Abbreviations used: EGID, eosinophilic gastrointestinal disorders; IBD, inflammatory bowel disease
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Table 2

Examples of some eosinophil-associated diseases

Mainly organ-specific involvement or cause

 Skin: atopic dermatitis, bullous pemphigoid

 Lung: asthma, allergic bronchopulmonary aspergillosis

 Eye: atopic keratoconjunctivitis

 Sinuses: nasal polyposis

 Adrenal glands: hypoadrenalism

 Gastrointestinal tract: eosinophilic esophagitis, gastritis and colitis; inflammatory bowel disease

Multi-organ involvement

 Helminth, protozoan, ectoparasite and fungal infections

 Drug reactions

 Leukemia, lymphoma

 Immune deficiencies such as those associated with Omenn syndrome and various forms of Hyper-IgE syndrome

 Autoimmune diseases including eosinophilic granulomatosis with polyangiitis, sarcoidosis and IgG4 disease

 Hypereosinophilic syndromes
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