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Abstract

The knowledge of these intriguing cells has gone through various phases since their description. They were originally considered as inflammatory, but protective cells.
Subsequently, its potential pathological impact was discovered under various conditions, ranging from antiparasitic and allergic effects to autoimmune, neoplastic,
inflammatory and idiopathic disorders. New visions of the molecular basis of the development and traffic of eosinophils and their vigorous participation in the
immune regulation circuit define them as very active immune cells, but their ability to invade tissues and their powerful enzyme arsenal place them as effector cells
with increased potential inflammatory and cytotoxic. The knowledge of their immunomodulatory activity and their participation in various pathologies has allowed
us to design new therapeutic strategies that impact their function in various nosological entities. This monograph aims to update the knowledge of its physiology and

associated disorders and diseases.

History

The eosinophils were described in 1846 by Wharton Jones [1] and
the name was given by Paul Ehrlich in 1879, who noted his unusual
ability to stain with acidophilic stains [2]. Eosin uptake in Wright
staining generated its name [3]. When the eosinophils were identified
at the end of the 19" century, the only idea was that they were associated
with infection and allergic diseases and were considered inflammatory
cells [4]. In 1934 Gordon demonstrated that injection of lymphoid
nodules from patients with Hodgkin's disease induced a neurotoxic
syndrome in experimental animals. That was the first documentation
of its pathological potential (eosinophilic neurotoxin).

A second facet of eosinophilic function came to light in 1975.
Two parallel studies showed that they could be considered protective
cells, not only because they regulate hypersensitivity reactions but also
because they are cytotoxic to parasites in the presence of antibodies
[5]. A third aspect was revealed in 1979 when it was shown that the
same mediators of eosinophils that are cytotoxic to parasites are also
normal mammalian cells [6]. Despite the fact that they were discovered
more than 130 years ago, knowledge of the biochemistry and molecular
biology of these cells remained static until 1989 when using a
purification technique known as "negative selection” it was possible to
obtain eosinophils in sufficient numbers and of enough purity to carry
out research studies [7,8].

Over the years, knowledge has been increasing significantly. Chu,
et al. have suggested a role for eosinophils in the survival of plasma B
cells in bone marrow [9]. Its role in maintaining metabolic homeostasis
and its potential contribution to protumorigenic and antitumorigenic
activity has also been highlighted, despite having no prognostic value
in cancer [9-12]. Currently, the presence of eosinophils has been
considered a marker of acute GVHD (graft vs host disease) in renal and
cardiac transplantation [13,14]. The genetic and epigenetic regulation
of eosinophils, with special attention to the important roles of the
transcription factors GATA-1 and interleukin (IL)-5, and its therapeutic
implications are exploring [15]. Much remains to be discovered. The
list of unexplained eosinophilic diseases has increased dramatically in
recent years and the role of the eosinophil in these diseases is expected
to be unveiled.
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Introduction

These spherical cells, 12-17 um in diameter, have a bilobed
nucleus and pink cytoplasm (acidophilic and affinity for eosin) and
are considered non-specific and cytotoxic destructive cells (Figure 1).
They originate in bone marrow from pluripotential hematopoietic stem
cells, which differ in progenitor cells, which then evolve into a separate
mature eosinophilic lineage. Occasionally they may come from thymus
and spleen [1]. Once mature, they are released to peripheral blood and
their half-life in this compartment is short (around 18 hours), and
then be redirected to tissues. Each of these steps is delicately regulated
by transcription factors and / or cytokines. There are generally few
eosinophils in peripheral blood (<400 / mm®) and it is estimated that
for every mature circulating eosinophil there are about 300 juvenile
cells in reserve in bone marrow and 100-300 eosinophils in tissue
(1:100 ratio), mainly in bronchi, intestine, lungs, thymus and uterus.
They usually have a circadian rhythm with a value less than 8 a.m. at
noon and more than midnight at 4 a.m. Under normal conditions,
the clearance occurs in 68 hours, the medullary cycle takes 5 days
and its life in tissues seems to be several days [16]. Tissue activation
and recruitment occurs in response to appropriate stimuli, most
notably IL-5 and eotaxin. There are unclear and controversial aspects
regarding their roles in health and disease. For example, the long-
anchored belief that they promote immunity for helminths has been
questioned since animal studies have suggested that eosinophils serve
to promote the need and longevity of specific parasites [17]. In asthma,
eosinophils contribute to tissue dysfunction and remodeling, however
no cell lineage has as a “rationale” for producing pathology and recent
discoveries of eosinophilic antimicrobial and antiviral activity suggests
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Figure 1. The eosinophils

Modified-Giemsa stained human eosinophils from peripheral blood exhibit characteristic
bi-lobed nuclei and large red-stained cytoplasmic secretory granules. The cells with multi-
lobed nuclei and without large granules are neutrophils: original magnification 100X.

that the pathology that originates from eosinophilia dysregulated can
be collateral damage related to host defenses [18]. The evolution of
knowledge has allowed us to define that these cells are multifunctional
in health and disease. Eosinophils express a significant amount of
pro-inflammatory cytokines, chemokines and lipid mediators, and
express cytokine receptors, immunoglobulins, and complement.
They can modify the activity of T cells through the MHC (major
histocompatibility complex) class II and co-stimulatory molecules that
allow eosinophils to act as antigen presenting cells (APC). They also
participate importantly in the innate and adaptive immune response
[19]. The advent of clinical studies with monoclonal antibodies
that target IL-5 and its receptor has expanded our understanding of
eosinophil function.

This monograph examines the latest information on our knowledge
of eosinophils in maintaining normal homeostasis and how aberrant
or dysregulated eosinophilic function promotes various disease states.

Physiology and biology of Eosinophil

Eosinophil granule protein

Human eosinophil granules contain four major proteins: the
basic major protein (MBP), the eosinophil cationic protein (ECP), the
eosinophil peroxidase (EPO) and the eosinophil-derived neurotoxin
(EDN), which, are capable of inducing damage tissue and dysfunction.
ECP has been shown to possess antibacterial activity and promote
mast cells degranulation. The functional mechanism involves pore
formation in target membranes [20]. Other non-cytotoxic activities are
suppression of T cell, proliferative activity, immunoglobulins synthesis
by B-cells, and stimulation of airway mucus secretion. Eosinophils play
a role in protecting against parasitic infections a finding was supported
by the direct toxicity of MBP against helminthic worms. The toxic effect
is thought to be the result of increased membrane permeability through
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an interaction of surface charges leading to disturbance of the bilateral
lipid surface [19], although the helminths and eosinophils relation is
not clear, particularly in how parasites recruit eosinophils and so that
[18]. MBP and ECP have bactericidal properties because they have
affinity for lipopolysaccharides (LPS), peptidoglycans and agglutinate
gram-negative bacteria.

EPO catalyzes the peroxidative oxidation of halides and
pseudohalides (thiocyanate) along with hydrogen peroxide concluding
with the formation of hypohalous acids, which promotes oxidative stress
and cell death by apoptosis and necrosis [21]. EDN can exert cytotoxic
effects such as cationic toxin. For example, EDN has the ability to kill
newborn larvae of Trichinella spiralis [22].

Eosinophil degranulation does not occur immediately, that is,
a degranulation with complete emptying of the protein arsenal, in
the presence of a cytolytic assault (real or perceived). It is currently
postulated that emptying is more sequentially controlled (piecemeal
degranulation) forming vesicles in the cytoplasm with proteins and
that they can respond to subsequent stimuli. This concept is important
for understanding degranulation in response to cytokines, for example
IL-4 [23]. Receptors for cytokines associated with vesicles and granules
have been identified and include receptors for IL-4, IL-6, and IL-13,
in addition to CCR3. Impacting these traffic lanes with monoclonal
antibodies and small molecules awaits future research [24]. The granules
also contain deposits of cytokines, enzymes and growth factors. Other
primary granules, also contains the proteins of Charcot-Leyden crystals
and lipid bodies that are the sites of synthesis of cysteinyl-leukotrienes,
thromboxane and prostaglandins.

Charcot-Leyden crystals deserve separate mention because they
could be future therapeutic targets in asthma. These needle-shaped
crystals (10-40 p) are associated with the presence of eosinophils, and
can be observed in the sputum of asthmatic patients. Described in
1853 by Charcot, it was originally believed that they were formed by
spermine and mucin as precursors [25]. Later it was postulated that it
was formed by the phospholipase of the eosinophilic membrane [4].
We currently know that the constituent protein is galectine-10 [26].
Galectins are proteins that bind glycan or lectins with affinity for beta-
galactose-modified glycoconjugates that is they have a carbohydrate
recognition domain. Twenty human galectins generated by the splicing
of transcribed messenger pre-RNAs of 11 genes are known. Only
galectine-10 crystallizes rapidly and spontaneously under certain
conditions, including exocytosis of eosinophils into the extracellular
environment. Apparently, the Tyrosine 69 polar residue is vital for
crystallization (Tyr 69) [27]. Studies in mice have shown that antibodies
against protein dissolve crystals [28].

Dissolution of the crystals could decrease elasticity and improve
clearance of impacted mucus in patients with eosinophilic asthma and
chronic rhino-sinusitis with nasal polyposis. However, crystals may
also come from basophils and medications for clinical use are not yet
available in humans.

In addition to the mucolytic effect, the dissolution of the crystals
can have an anti-inflammatory effect by blocking the activation of the
innate and acquired immune response induced by the crystals. Studies
in members of the family camelidae (camels and llamas) with inhaled
nanobodies (therapeutic proteins with maximum antibody function,
which only have heavy chains), have demonstrated certain suitable
characteristics such as small size, thermal stability, high solubility and
systemic half-life short [29]. Obviously, future studies in humans are
required. Crystal research could help underpin type-2 immunity [30].
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Markers and cell surface receptors

Eosinophils express on their surface receptors for ligands that
support growth, adhesion, chemotaxis, degranulation, and cell
interaction. The a-subunit of the IL-5 receptor (IL-5Ra) is the
most prominent cytokine receptor associated with eosinophils in
humans. Within the adhesion receptors, L-selectin and P-selectin
and MAdCAM-1 (mucosal addressing cell adhesion molecule-1) and
integrins (for example, family members, a7 and B2) that integrate
intracellular and extracellular environments, play a prominent role
in the immune system [31]. LFA-1 (lymphocyte function antigen),
interacts with ICAM-1 (intercellular adhesion molecule) in endothelial
cells favoring the entry of eosinophils into the airways, colon and
small intestine. There are multiple receptors to recognize lipids such as
cysteinyl-leukotrienes, PGD-2 (prostaglandin D-2) and PAF (platelet
aggregating factor). The PGD-2 receptor can mediate the transmigration
of eosinophils, basophils and Th-2 lymphocytes. Antagonists of this
receptor have been studied in persistent moderate asthma in phase II
studies [32].

Chemokine receptors have several ligands. For example, CCR1 is
linked by MIP (macrophage inflammation protein), CCL-5 (RANTES)
and PAF; and CCR3 has 11 ligands that include eotaxins 1, 2 and 3;
RANTES (regulated upon activation normal T cell expressed and
secreted), MCP-2, MCP-3, MCP-5 (macrophage chemotactic protein)
and PAFE SIGLEC-8 (sialic acid-binding immunoglobulin-like
lectin-8) is one of the main receptors that define the unique biology of
eosinophil (18). PRR (pattern recognition receptors) are also expressed
by eosinophils, particularly TLR (toll-like receptor), NLRs (nucleotide-
binding oligomerization domain-like receptors) and RAGE (receptors
for advanced glycation end-products) (33). In the TLR group, TLR-7
is the most prominent and regulates adherence, migration, chemotaxis
and prolongation of survival. Other receptors expressed by eosinophils
are complement receptors, receptors for the Fc fraction (crystallizable
fraction) of IgA, IgD, IgM and IgG, which appear to have a role in
adhesion, degranulation and synthesis of leukotrienes.

Factors that promote eosinophilia

IL-5 plays a critical role in all aspects of eosinophilic development.
Eotaxin-1 (CCL11), a ligand of CCR3, also promotes eosinophilia, by
an independent mechanism of IL-5. The development seems to be a
function of 1L-5, IL-3 and GM-CSF (granulocyte-macrophage colony
series stimulating factor) from bone marrow progenitors. There
are several parents such as CD34*, CD38*, CD45*, but they can also
originate from CD34* outside of bone marrow, particularly lungs.
There is a complex network of transcription factors that promote the
development of eosinophil, which includes GATA-1, GATA-2 and
CCAAT proteins, but it is not exclusive to promote eosinophilic lineage
and can promote other hematopoietic cell lines. GATAs are members
of a family of zinc fingers, named for joining the promoter sequence
composed of GATA bases [34].

TSLP (thymic stromal lymphopoeitin), IL-25 and IL-33 are
alarmins that promote the production of Th-2 cytokines that are IL-5,
IL-4, IL-9 and IL-13. They are also produced by ILCs (innate lymphoid
cells), such that there are several cellular sources of IL-5 to promote
eosinophilia. HMGBI1 (high mobility group box 1 protein) is another
alarmin that promotes eosinophilia without involving IL-5.

Cellular interactions and significant functions

The interaction with T lymphocytes that produce Th-2 cytokines
has already been discussed. This association is vital to understand the
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"program” Th-2 that generates the classic eosinophilic inflammatory
profile of bronchial asthma [35]. Although the eosinophil is not a
"professional” dendritic cell, it can express on its surface MHC II and
CD80 and CD86, process antigens and present them to the T system in
an antigen-specific manner. It also has an effect on humoral immunity
as "priming" B cells for synthesis of Ig M-specific antigen [36]. The
AAM (alternative activated macrophages) recruit eosinophils in tissues
and in turn the eosinophils promote the activation and migration of
dendritic cells. Eosinophils and mast cells communicate in a symbiotic
manner, constituting an “eosinophil-mast cell” axis, which interact
to increase their respective capacities. For example, MBP and ECP
increase the release of histamine, PGD-2, GM-CSE, TNF-a and IL-8
from the mast cells; but in turn, the chymase of mast cells increases
the survival of eosinophils, recruits them to tissues and facilitates the
release of cytokines and chemokines [37].

The precise mechanisms by which eosinophils interact with
viruses are not yet well defined. Human respiratory viruses (influenza,
parainfluenza, respiratory syncytial, coronavirus and rhinovirus)
are among the most common causes of asthma exacerbation. A
recent concept is that degranulation of eosinophils constitutes a host
antiviral defense mechanism. Eosinophils release immunomodulatory
mediators, particularly IL-6, in response to infection with respiratory
viral pathogens [38]. The granular EDN protein has anti-HIV inhibitory
activity [39]. Eosinophils will prepare the uterus for pregnancy and
in the cervix its degranulation is involved in dilation at birth and in
postpartum remodeling [19].

Eosinofilos and Pathology

There is an extensive literature of eosinophilic dysfunction and
associated diseases and disorders. Eosinophils as therapeutic objectives
have revealed the complex and heterogeneous nature of the pathologies
associated with them. Hypereosinophilia is a relatively common
disorder (4% in Copenhagen in a large population study in general
practice). Defined as values greater than 500 eosinophils / mm’, it can
be divided into two clinical categories; blood hypereosinophilia and
tissue hypereosinophilia, each of which may exist alone or may coincide
[40,41]. Peripheral eosinophilia can be classified as mild (eosinophil
count between 500-1,500 / mm?®), marked (1,500-5,000 / mm?®) or
massive (>5,000 / mm?®) [42]. Eosinophilia can be primary, secondary,
family or idiopathic [43]. Table 1 lists a series of causes of peripheral
eosinophilia with respiratory compromise.

Primary causes

The primary causes of eosinophilia and respiratory symptoms are
eosinophilic pneumonia, eosinophilic granulomatosis with polyangiitis
(EGPA), also known as Churg-Strauss syndrome and hypereosinophilic
syndromes (HES). Acute eosinophilic pneumonia is a febrile,
infrequent, severe and progressive condition that develops over a
period of days to weeks, with severe hypoxemia, diffuse pulmonary
infiltrates and an increase in bronchio-alveolar lavage of eosinophils
without evidence of previous infection or atopic disease. Three days of
methylprednisolone 60 mg / 6 hours 1.V, followed by oral prednisone
with progressive reduction in the next 12 days is usually sufficient to
solve the process [44]. Chronic eosinophilic pneumonia is an idiopathic
disease characterized by dyspnea and alveolar infiltrates and usually
with a history of asthma [45].

EGPA is a systemic vasculitis of small to medium sized arteries
and its most characteristic findings are asthma, peripheral eosinophilia
and rhinosinusitis. The six diagnostic criteria of the American College
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Table 1. Differential Diagnosis of Peripheral Eosinophilia and Respiratory Symptoms

Primary Causes

. -Eosinophilic granulomatosis with polyangiitis
Systemic

conditions -Hypereosinophilic syndromes: idiopathis, myeloproliferative variant,

and lymphocytic variant
Lung Conditions  -Idiopathic acute or chronic eosinophilic pneumonia
Secondary Causes
Infections
Parasitic -Paragonimiasis
-Tropical pulmonary eosinophilia (lymphatic filariasis)
-Acute larval migration of ascaris, hookworm or strongyloides
(Loeffler’s syndrome)

-Schistosomiasis (Katayama syndrome)
-Echinococcal cyst
-Entamoeba histolytica infection (hepatopulmonary amebiasis)
-Disseminated strongyloidiasis
-Toxocariasis (Visceral larva migrana)
Fungal -Coccidioidomycosis
-Paracoccidioidomycosis
-Histoplasmosis
-Pneumocystis Pneumonia
-Cryptococcosis
Cancer
-leukaemia and lymphoma
-Lung cancer and others
Drug and toxin
Connective tissue and autoimmune diseases
-PAN
-SLE
-RA
Disease involving airways
-ABPA
-Bronchial asthma Th-2
-COPD eosinophilic phenotype

of Rheumatology are asthma, eosinophilia >10% in the differential
count of white blood cells, mononeuropathy (including multiplex)
or polyneuropathy, non-fixed pulmonary infiltrates on radiography,
sinus abnormalities and biopsy with blood vessels with extravascular
eosinophils. The presence of 4 or more of these criteria has a sensitivity
of 85% and a specificity of 99.7% [46]. P-ANCA (antibodies against
neutrophil myeloperoxidase in a perinuclear pattern), are helpful in
supporting the diagnosis but are positive in less than 50% of individuals.
The diagnosis is confirmed by tissue biopsy [40].

HES, described in 1968 by Hardy and Anderson, is a group of rare
disorders characterized by persistent eosinophilia (>1,500 / mm? in two
samples with a difference of one month between both), eosinophilic
infiltration and dysfunction of several organs, including lung and
exclusion of known causes of eosinophilia [47]. They are divided
into three categories: Idiopathic, primary or neoplastic (HESN), and
secondary or reactive (HESR) [19]. HESN can be subdivided into
several phenotypes. M-HES is myeloproliferative and occurs by deletion
of chromosome 4 with complex chromosomal abnormality and more
frequently with endomyocardial fibrosis. It responds to the imatinib
monoclonal antibody (a tyrosine kinase inhibitor), initially used in
chronic myelogenous leukemia [48]. There is an overlap between
MHES and CEL (chronic eosinophilic leukemia). Another phenotype
is L-HES, the lymphocytic variant, which occurs due to aberrant
overproduction of IL-5 produced by abnormal polyclonal T cells and
high levels of IgE. It particularly occurs with skin manifestations.
Familial eosinophilia (an autosomal dominant disorder) is considered
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a rare variant of HES (49). Eosinophilia can be reactive to systemic
mastocytosis and histiocytosis of Langerhans cells [42].

Secondary causes

Infections: Parasitosisand mycosisare two important considerations
in pulmonary infiltrates with eosinophilia. In parasitosis, the laboratory
must have a microscopic analysis of feces by concentration for parasites,
cysts and eggs. Many serological tests are positive 4-12 weeks post-
infection, so the serology can be initially negative, when eosinophilia
is detected. Moreover, eosinophilia may be transient associated with
the phase of tissue migration, a phase in which parasites or larvae are
not detected in feces. When the microorganism reaches the intestine,
eosinophilia resolves and parasites appear in feces. It is therefore vital to
know the life cycle of parasites to understand the positivity or negativity
of the findings and their turn [50].

Acute schistosomiasis (Katayama syndrome) occurs approximately
2-12 weeks after exposure to the organism in fresh water [51]. After the
larva penetrates the skin, they travel through the lungs and circulation,
suddenly causing fever, cough, skin hives, migratory pulmonary
infiltrates on the chest x-ray, and peripheral eosinophilia. Typically the
symptoms resolve in 2-10 weeks. Schistosoma species that cause disease
in humans are endemic in Asia and the Middle East (Schistosoma
japonicum,  Schistosoma  haematobium, Schistosoma  mansoni).
Praziquantel 40 mg / Kg in a single dose or 60 mg / Kg divided into
three doses is the treatment. It should be repeated at 6-8 weeks because
the eggs and squistosomules are relatively resistant. A prednisone cycle
of 20 mg / day / 5 days reduces the duration of symptoms [52].

Paragonimiasis has an incubation period of 3 days to weeks, after
ingesting metacercariae in the intermediate stage of the parasite when
eating raw or not well cooked fresh water crab meat. Abdominal pain,
diarrhea and rash are followed by chest pain, eosinophilic pleural
exudate and cough that become chronic [53]. About 6 months after
infection haemoptisis usually appears resembling tuberculosis. CNS
infection and migratory subcutaneous nodules may occur. It is more
prevalent in East Asia, with an estimated 23 million patients affected
worldwide [54]. In Asia >90% of cases are produced by Paragonimus
westermani. In West Africa, India, Central and South America by
Paragonimus sp. 50% of patients have marked eosinophilia and high IgE.
The x-ray may show nodules, infiltrates, pleural effusion or be normal.
The sensitivity of sputum microscopy for visualization of eggs is limited
even with multiple samples. The serological test has a sensitivity of 96%
and a specificity of more than 95% [55]. The treatment is Praziquantel
25 mg/Kg tds/ 2 days. An alternative is Triclabendazole 10 mg /Kg/ day
/ 3 days.

Tropical pulmonary eosinophilia (TPE) is a rare condition
that occurs due to an unusual hypersensitivity reaction to filaria
antigens of the parasites Wuchereria bancrofti and Brugia malayi
[56]. Lymphatics periodically release mature filarial parasites that
are trapped in the pulmonary circulation (therefore it is unusual to
observe microfilaremia). Degenerated microfilariae release antigens
that generate type I, II and IV immune responses and eosinophils
attempt to destroy microfilariae, but in this process with the release of
granular proteins, they damage the lung by orchestrating the clinical
picture [57]. Patients may be asymptomatic or have a cough, wheezing,
dyspnea and fever. It is usually confused with asthma. Lymphatic
filariasis affects approximately 120 million people worldwide, in 83
countries, including many countries in Southeast Asia [58]. TPE is
found in <1% of patients with filarial infection. Chest X-ray usually
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shows reticulonodular opacities or miliary infiltrate, but in 20% of cases
they may be normal. Diagnostic criteria include inhabiting or traveling
to areas in which the parasite is endemic, peripheral eosinophilia >3,000
/ mm?, IgE >1,000 IU / ml, detection of antifilarial antibodies and rapid
defervescence of symptoms with treatment (56). The treatment of choice
is diethylcarbamzine 5 mg / kg/day for 4 weeks. Relapses occur in 20% of
cases and in this scenario monthly courses of the drug are recommended,
every 2-3 months for 1-2 years. Without treatment it can evolve into
irreversible pulmonary restrictive damage. The WHO strategy tries aims at
preventing transmission of microfilaria through mosquito bites.

Hydatid cyst is a pathology produced by Echinococcus granulosus
and Echinococcus multilocularis. The most commonly affected organ is
the liver but lung cysts can occur in 20% of cases and also in other
organs. It occurs due to the ingestion of eggs that are in canine feces or in
contaminated vegetables, and the incubation period goes from months
to years. Distribution predominates in the Middle East, Eastern Europe,
East Africa and in Central Asia [59]. Many cases are asymptomatic and
have no eosinophilia. Cough, dyspnea and pleuritic pain are the most
prominent respiratory symptoms. Eosinophilia usually appears when
the cysts rupture, whether hepatic or pulmonary. Serology is not always
positive and radiological images usually suggest diagnosis. Albendazole
(400 mg BID), and praziquantel (20 mg / Kg BID) are recommended
2 weeks before and two weeks after an aspiration or surgery of a cyst.
This is due to the risk of anaphylaxis and dissemination of the cyst, so the
extraction of these should be performed in centers with experience [60].

Amebiasis can be asymptomatic, or the symptoms appear 2-4
weeks after ingesting mature cysts of amoebas (Entamoeba histolytica)
in food or water contaminated with feces or through manual contact.
In the small intestine, cysts release trophozoites that travel to the large
intestine. The trophozoites are divided by binary fission and in turn,
generate more cysts. Both stages pass in the stool. The cysts can survive
days to weeks in the external environment by the protection offered by
the wall of the cysts that are responsible for the future transmission of
the parasite [61]. Symptoms can range from mild abdominal cramps
and watery diarrhea to severe colitis with bloody and mucous diarrhea.
Toxic megacolon has a high mortality. Globally, 50 million people
acquire the infection, with approximately 100,000 deaths annually.
While it is true the most frequent route of dissemination is oral-fecal,
cases of sexual transmission have been reported (anal or oral sex)
[62]. There is no vaccination or prophylactic medication. Prevention
requires adequate health care, with strict excreta deposition and water
purification. 4% of patients develop amoebic liver abscess with fever
and pain in the upper right abdominal quadrant and may open into
pericardium or pleura with associated effusions in these serous. From
gastrointestinal tract amebiasis can affect any organ. Rectal swab and
microscopic stool examination are positive in only 30% of cases, ELISA
and PCR can be performed to detect antigens, although the most
promising method is the loop-mediated isothermal amplification assay.
The treatment is based on hydration, metronidazole or tinidazole [63].

Acute larval migration (Loeffler syndrome) is a self-limited
pathology, caused by transpulmonary larval migration that occurs
early in the normal life cycle of several helminths, including Ascaris
lumbricoides, hookworm (Ancylostoma duodenale and Necator
americanus) and Strongyloides stercolaris. The incubation period is 1-2
weeks, depending on the species, with fever, cough, wheezing, rash and
rarely hemoptysis [64]. Marked eosinophilia may appear and migratory
infiltrates are seen on the chest radiograph. The disease lasts days to
weeks and then the symptoms decrease. Serological positive tests for
antibodies against strongyloides may be found, but may constitute
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evidence of previous infection. Negative stool test for eggs and parasites
does not rule out infection. Strongyolides can persist for decades. It is
a common infection with an estimated 100 million people affected in
the world [63]. In travelers, migrants or residents of countries with a
high prevalence of parasites, empirical treatment with albendazole (400
mg BID oral/day/ 3 days) is indicated [50]. Larva currens is a frequent
manifestation of strongyloides, in which the larvae penetrate the skin
of humans who walk barefoot through soil or sand contaminated, and
course basically with non-specific gastrointestinal manifestations.

Larva visceral migrans (acute toxocariasis) occurs when eggs of
Toxocara canis or Toxocara catis are ingested, which are found in soils
contaminated with dog or cat feces or by ingesting raw meat, particularly
liver [65]. The eggs generate larvae that penetrate the intestinal mucosa,
enter the portal circulation and then into the systemic circulation.
Larva migrans ocular is a distinct syndrome and does not present with
eosinophilia. The incubation period is uncertain and the distribution
is worldwide including temperate areas. It can be asymptomatic,
particularly children under 5 years of age or with fever and eosinophilia,
wheezing and cough. Abdominal pain, hepato-splenomegaly and rash
can occur. It can cause eosinophilic meningoencephalitis [50]. The
research is done by serology, many cases are mild and self-limited
and the treatment is based on albendazole (400 mg BID oral/day/5
days). Steroids and antihistamines may be necessary in cases of
hypersensitivity [66]. A high load of toxocara or strongyloides parasites
can produce a hyperinfection syndrome that results from cycles of
autoinfection and unchecked replication in individuals with defective
granulocytic function associated with malignancy, chemotherapy,
steroid use or HIV-1 infection. With strongyloides, the paralytic ileus
and gram negative sepsis follow bacterial translocation through the
intestinal wall and have high mortality. Pulmonary involvement occurs
with abundant amount of larvae in sputum as well as in feces. Mortality
is high. Stool by concentration and serology have a high sensitivity
diagnostic. Ivermectin 200 pg / Kg a single daily dose (including 1.V)
for a prolonged course is preferred to albendazole. Hyperinfection
should be treated with broad-spectrum antibiotics. Patients from
tropical areas, travelers or migrants from these areas should be screened
by strongyloides (even in the absence of peripheral eosinophilia) before
starting immunosuppressive therapy or steroids [67].

There are other parasitosis that occur with eosinophilia but mainly
have gastrointestinal symptoms, for example, the tapeworm, due to
eating raw or undercooked meat. Taenia saginata predominates in
Africa (beef) and Taenia solium in America and Asia (pork). Segments
of the parasite can pass through feces and are sometimes actively
expelled through the rectum [68]. Hymenolepis nana had a dwarf
tapeworm associated with poor hygiene, especially in children and
mainly in America, Africa and India [69]. Trichuris trichiura has a wide
worldwide distribution. It’s acquired by the fecal-oral route and mainly
affects children, with anemia, dysentery and rectal prolapse. The pin
worm Enterobius vermicularis has the same distribution, route and age
group as trichuris and it has intense anal itching. Microscopic analysis
for eggs on an adhesive tape placed in the perianal region at night
often resolves the diagnosis [70]. Trichinellosis produced by Trichinella
sp occurs by eating undercooked or raw pork. Widely distributed
worldwide, the ingested larvae mature in the enteral phase, producing
parenteral migration from the intestine to the muscle where the larva
is encysted. The enteral phase produces gastrointestinal symptoms and
the muscular phase produces myalgia, muscle weakness, dysphagia in
respiratory failure [71]. Virtually all of these entities are treated with
albendazole or praziquantel. Angiostrongylus costaricensis was described
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in Costa Rica by Morera and Céspedes, with an unknown incubation
period and distributed mainly in Central America and the Caribbean.
It is acquired by the ingestion of snails or vegetables contaminated with
snail droplets with severe abdominal pain, diarrhea or constipation
and eosinophilia. It is usually a finding of laparotomy. In endemic areas
there is serology for diagnosis. Treatment: supportive [72].

Mycoses that occur with respiratory symptoms and eosinophilia
are listed in Table 1. Coccidioidomycosis (Coccidioides immitis
and  Coccidioides  posadasii)  and  paracoccidioidomycosis
(Paracoccidioides braziliensis) have many features in common.
Coccidioidomycosis has an incubation period of 7-21 days (although
reactivation by immunosuppression can occur many years later) and
paracoccidioidomycosis from 1 month to many years. The first has a
distribution in all the Americas while the second basically in Central
and South America [73]. Both are acquired by spores (arthroconidia)
of the fungus by air. Coccidioidomycosis presents fever, cough,
pleuritic pain, headache and rash while paracoccidioidomycosis is
more insidious, with cough, fever, night sweats, weight loss, malaise,
and oral, nasal and skin ulcers. Disseminated chronic meningitis
can occur in an immunocompromised host. Radiography shows
consolidation, cavitation and pleural effusion (coccidioidomycosis)
and hilar adenopathy (paracoccidioidomycosis). Eosinophilia is
common in both. The diagnosis requires serology or microscopy and
culture of respiratory samples. Spontaneous resolution is frequent in
immunocompetent host. Oral Itraconazole (200-400 mg once daily) or
fluconazole (400-800 mg once daily) for 3-6 months is the treatment of
choice. In severe cases a 2 week cycle of amphotericin B (3 mg / kg per
intravenous day) is necessary [50].

Pneumocystis jiroveci pneumonia (PCP) is the fungal infection
that most affects human immunocompromised hosts. Those are cancer
patients, with HIV, transplant recipients, and patients with medication
and immunosuppressive therapies. The fungus adheres to the type I
alveolar cell where the transition from the small trophic form to the
large cystic form occurs. What causes diffuse alveolar damage is not the
fungus itself, but the host's inflammatory response [77]. Clinically the
picture can vary from a mild and indolent picture of cough, low grade
fever and dyspnea to respiratory failure and distress. High levels of LDH
not being specific to PCP, is helpful in patients with HIV, but in non-
HIV immunocompromised hosts, it has no value. The chest x-ray shows
perhilar and diffuse interstitial infiltrates that become homogeneous as
the disease progresses. In normal chest radiology, the chest CT scan
may show ground glass or cysts with high sensitivity for PCP [78]. As
Pneumocystis cannot be cultured, the definitive diagnosis requires PCR,
specific stains or with fluorescent antibodies. The treatment of choice
is Trimethoprim-Sulfametoxazole (TMP-SMX). TMP 15-20 mg / Kg /
day and SMX, 75-100 mg / Kg / day, for 21 days, orally in three doses,
or TMP-SMX DS 2 tablets 3 times a day for 21 days. Alternative drugs
in different regimens for patients allergic to sulfa include Atavaquone,
Dapsone, Primaquine, Clindamycin, and Pentamidine. In a moderately
to severely infected HIV patient, a prednisone regimen (40 mg BID /
5 days, 40 mg / day / 5 days and then 20 mg / day / 11 days) improves
clinical outcomes and reduces mortality. Prophylaxis with TMP-SMX
is recommended in certain populations of HIV-infected patients such
as with a CD4+ <200 cell / pl count, or CD4+ <14% in the presence
of oropharyngeal candidiasis, or CD4+ 200-250 /pl if it cannot be
start antiretroviral therapy (ART) or you cannot count CD4+ every 3
months. Originally PCP was considered a disease associated with the
definition of AIDS, but due to prophylactic therapy and ART therapy, the
incidence of PCP in patients with HIV has decreased dramatically [79].
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Cryptococcosis is an opportunistic mycosis produced by
encapsulated yeasts, of universal distribution, that occurs through the
inhalation of balstoconidia from the fungus Cryptococcus neoformans
or C. gattii. C neoformans is found in soil contaminated with bird
droppings, particularly pigeons, and protected from direct sunlight.
This dried medium, alkaline and rich in nitrogen substances constitutes
an ideal ecological niche for the development of the fungus. C. gattii is
mainly associated with trees, especially eucalyptus. The risk factors are
immunosuppression states, similar to those of Pneumocystis jiroveci
[80]. In the immunocompetent host the respiratory infectious process
is mild, asymptomatic and of rapid resolution. The incubation period
is not well established because clinical manifestations depend on the
host's immune status. If respiratory symptoms appear, the symptoms are
cough, fever, chest pain, weight loss and poor general being. Pneumonic
consolidation, pleural effusion, miliary dissemination and regional
adenopathies may occur. The microorganism has tropism by central
nervous system and particularly in patients with HIV disease, generates
cryptococcal meningitis, which is the most frequent and severe form
of presentation (mortality between 15-60%) and is responsible for at
least 100,000 deaths / year in HIV patients [81]. The diagnosis can be
made by direct examination (exclusion technique with Chinese ink) or
culture, for example of CSF or sputum; with specific biopsy colorations
(Meyer mucarmine, Alcian blue and Masson-Fontana); and with
immunological tests that determine cryptococcal capsular antigens
(latex agglutination sensitized with antibodies against the antigen,
ELISA or lateral flow immunochromatography) in CSF or blood.
Primary prophylaxis in patients with HIV (CD4+ <100/ pl) is given with
fluconazole 200 mg / day VO. In disseminated or CNS cryptococcosis,
amphotericin IV (0.7 mg / kg / day), plus 5 fluocytosine (100 mg / kg
/ day) divided into 4 doses / 2 weeks, is the treatment of choice. If 5
flucytosine is not available, it can be substituted with fluconazole (800
mg / day) plus amphotericin for 2 weeks. After this induction phase,
an 8-week consolidation phase with fluconazole (800 mg / day V.O.) is
implemented. The maintenance phase or secondary prophylaxis is done
with fluconazole 200-400 mg / day V.O. ART should be started 2-10
weeks after the start of antifungal therapy. If inflammatory immune
syndrome is present, steroids should be given I.V. or oral for 2-6 weeks.
Mild to moderate forms of pulmonary cryptococcosis are treated only
with fluconazole for 6-12 months (400 mg / day V.O.) and severe forms
such as CNS cryptococcosis [82].

Cancer

There are myeloid and lymphoid neoplasms associated with
eosinophilia. When a pathologist receives a sample of peripheral blood
or bone marrow, the focus of research should be these two neoplasms
since there is little that can offer in a non-neoplastic eosinophilia.
The myeloid neoplasms associated with eosinophilia are chronic
myelogenous leukemia, chronic eosinophilic leukemia and acute
myeloid leukemia. Eosinophils are produced by abnormal myeloid
progenitor cells. In contrast, in lymphoid neoplasms associated with
eosinophilia, it"s produced by cytokines. T-cell neoplasms are the most
common associated with eosinophilia (cutaneous T-cell lymphoma,
adult T-cell leukemia / lymphoma and angioimmunoblastic T-cell
lymphoma). The B-cell neoplasms most commonly associated with
eosinophilia are: Hodgkin lymphoma, and B-lymphoblastic lymphoma
/leukemia. Recent publications have excellent reviews of the subject and
of diagnostic work at the molecular level [42]. Lung cancer and others
have been associated with eosinophilia and some authors consider it a
paraneoplastic syndrome.
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Drugs and toxins

Antibiotics such as B-lactams, nitrofurantoin, minocycline and
daptomycin may be associated with eosinophilia, as well as non-steroidal
anti-inflammatory drugs, mesalamine, sulfasalazine and others. Also
DRESS (drug reaction with eosinophilia and systemic symptoms),
cocaine and heroin [83]. With the recent report of 53 cases of lung
disease associated with the use of E-cigarette in Illinois and Wisconsin,
none of the patients in which eosinophils were reported had values
greater than 2%, and the prevalence was neutrophilia [84]. In 17 lung
biopsies, in a preliminary report, of patients with a history of vaping
(71% was associated with marijuana or cannabis oil), a predominance
of eosinophils was not demonstrated in histological samples. Since
this pathology is of recent description, an attentive attitude must be
maintained with respect to its pathogenesis and surveillance on the
cellular profile of the lesions in more powerful cases [85].

Connective tissue and autoimmune diseases

Polyarteritis nodosa (PAN) is a vasculitis that results from
inflammation and injury to vessels of medium and small caliber leading
to ischemia in a variety of organs and tissues, although the kidneys are
not usually compromised. The low renal compromise and negative
ANCA differentiate PAN from other systemic necrotizing vasculitis.
Eosinophilia is occasionally seen but, when present, EGPA should be
considered [86]. There are no studies on the incidence and severity of
eosinophilia in Systemic Lupus Erythematosus, but eosinophils are not
part of the diagnostic criteria for the condition. 3% of patients with
Rheumatoid Arthritis have eosinophilia, which is usually minimal and
transient, but seems to predict a poor response to disease-modifying
anti-rheumatic drug [87]. Eosinophilic fascitiis (Shulman disease)
is a rare scleroderma-like syndrome, of unknown cause, which can
be immunologically mediated with painful edema and progressive
induration and thickening of skin / soft tissues of limbs and trunk.
Course with eosinophilia, hypergammaglobulinemia and increased
erythrosedimentation rate [88]. Other rare and poorly characterized
myopathies are toxic oil syndrome, myalgia-eosinophilia syndrome and
eosinophilic myositis [18].

Diseases involving airways

Peripheral eosinophilia is a central change in allergic
bronchopulmonary aspergillosis, which is a reaction of hypersensitivity
to colonization of the airway by the ubiquitous mold aspergillus [45].
Affected patients typically have cough and exacerbations of asthma, and
recurrent pulmonary infiltrates which can progress to bronchiectasis
and pulmonary fibrosis [89]. Diagnostic criteria include a history of
asthma or cystic fibrosis, elevated aspergillus-specific IgE and IgG for
aspergillus, increased serum IgE (> 1000 ng / ml or >410 iu / ml), wheal-
and-flare skin reaction for aspergillus antigen and high eosinophilia
[88]. Exacerbations improve with the administration of prednisone.

An extensive review of asthma and chronic obstructive pulmonary
disease, with its differences, similarities and controversies has been
published recently in this journal, so in this monograph we will only
discuss relevant aspects of both, insofar as they can be accompanied
by peripheral eosinophilia [90]. Endotype is a subtype of condition
defined by a different pathological mechanism. In asthma we have two
endotypes; asthma Th-2 and asthma non-Th2 [91]. In the Th-2 endotype,
the phenotype is basically eosinophilic and within it there is a subgroup
with severe eosinophilic asthma refractory to conventional treatment
[92]. The non-Th-2 endotype is also known as non-eosinophilic asthma
(NEA). Chung classifies them as asthma "Th-2 high inflammation" and
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asthma "Th-2 low inflammation" (NEA) [93]. 50% of asthmatics will
have the eosinophilic phenotype and the other 50% will have the NEA.
There is not always a clear correlation between clinical phenotypes and
molecular endotypes. In the Th-2 endotype, immunity is orchestrated
by CD4+ T helper-2 that secrete interleukins IL-4, IL-5, IL-9, and
IL-13, which lead to airway infiltration with eosinophils, mast cells,
and B cells (which produce IgE in response to allergens) [94]. The
point is that these patients have peripheral eosinophilia and airway
infiltration with eosinophils. Patients with NEA do not have significant
eosinophilia and in this group there are several phenotypes such as
neutrophilic, paucigranulocytic and mixed pattern (eosinophils and
neutrophils). These patients have various risk factors such as smoking,
pollution, occupational exposure, recurrent infections and obesity. It
is difficult to separate NEA from COPD particularly in people of older
age because they easily overlap, have similar spirometric patterns and
similar molecular mechanisms that generate them. In both, the T-cell
program is directed towards Th-1, Th-17, which attract neutrophils
and macrophages but not eosinophils [95] (Figure 2). This type of
asthma is more severe and responds less (like the mixed pattern) to
glucocorticosteroids.

The GINA 2019 guidelines clearly define that the first-choice
relief treatment is the use of low doses of IGCs + formoterol PRN
(for necessary reason) in the 5 steps and that the use of SABA PRN is
an alternative. But they also establish that in step 1 (mild intermittent
asthma) the choice of controller treatment is the same association of
low doses of IGCs + formoterol PRN since this alternative is superior to
SABA PRN in this subgroup of asthmatics with respect to the prevention
of exacerbations [96]. There is no doubt that the risk of asthmatic
exacerbations decreases if daily IGCs are used; but the problem is the
reluctance to use them since the symptoms, in mild intermittent asthma,
are mild and infrequent and the patient ends up using only the rescue
SABA (PRN) in the real world, and does not use the IGC on a regular
basis. In step 2 GINA recommends the use of IGCs in low doses, daily
and on a regular basis, but leaves the use of IGCs + formoterol PRN as
an alternative, because in this group of patients with persistent mild
asthma, adherence to the regular scheme is also very poor, and asthma
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Figure 2. Emerging Asthma Phenotypes
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control worldwide is sub-optimal [97]. In the works SYGMA 1 and
SYGMA? it was demonstrated that the use of budesonide + formoterol
PRN was as effective as the use of regular maintenance of budesonide
to prevent exacerbations in persistent mild asthma (98.99). The Novel
START, an extension of the works previously cited, also showed that
the budesonide + formoterol PRN association is superior to the use of
SABA in preventing exacerbations in adults with mild asthma [100].
However, symptom control is superior with maintenance budesonide
and SABA PRN, but again, the strictly controlled study strategies in this
group of asthmatics are not applicable to them in the real world.

The detail again is the clinical phenotype. If it is eosinophilic, the
response to IGCs is adequate, but that occurs in mild asthma if the
phenotype is non-eosinophilic? It is known that this phenotype has
much lower response to IGCs, therefore giving them IGCs + LABA
either maintenance or PRN could lead to covert monotherapy and
increased exacerbations in the real world. The SIENA study suggests
that maintenance therapy for this subgroup of asthmatics is yet to be
determined (101). In 5% of patients with moderate to severe asthma,
maintenance IGCs are given in low, medium or high doses plus
LABA, adding leukotriene receptors inhibitors or tiotropium receptor
inhibitors and in 1% biological in step 5 or oral steroids. Asthmatic
patients with eosinophilia >400 cells / ul experience more exacerbations
and have poor asthma control (Figure 3) [102].

Blocking type 2 immunity is a strategy for the treatment of
refractory eosinophilic asthma. Blocking IgE with omalizumab, in
patients with severe allergic asthma and with high levels of IgE is
accepted, as well as blocking IL-5 or its receptor (IL-5Ra), are part
of the recommendations of GINA 2019. Subcutaneous mepolizumab
and reslizumab intravenous are monoclonal antibodies that block
IL-5 and subcutaneous benralizumab, IL-5Ra. Dupilumab (which
blocks the alpha subunit of the IL-4Ra receptor) is effective in patients
with moderate to severe asthma with eosinophilia since it blocks the
regulation of IgE synthesis (Figure 4) [103-106]. Figure 5 shows the
indications of GINA for the use of biologicals in asthma.

Chronic rhinitis has a prevalence of 30% in the adult population
worldwide. It may or may not be associated with chronic sinusitis. Most
patients with chronic rhinosinusitis and nasal polyposis have a Th-2
type of inflammation, with eosinophils and Th-2 cytokines. Hence, the
frequent association with allergic asthma [107].

Many patients with COPD have minimal disease that only requires
smoking cessation, anti-influenza and pneumococcal immunization and
SABA and/or SAMA rescue. Only the minority require more treatment.
In these patients, the most effective treatment is not IGCs, but long-
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Figure 3. Relationship of Blood Eosinophils with Severe Asthma Exacerbations

Note that the higher eosinophils count in peripheral blood, the greater the risk of
exacerbations.
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IL-5 promotes differentiation of hematopoietic precursor from eosinophils and IL-4
regulates the synthesis of IgE.
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acting bronchodilators (SAMA and LAMA) that reduce hyperinflation,
symptoms and acute exacerbations (108). Inhaled steroids are added
in case of frequent and severe exacerbations or in the presence of ACO
(asthma and COPD overlap) [109]. The majority of these patients have
the immune program 1 and 3 (Th-1 and Th-17 with infiltration with
macrophages and neutrophils predominantly), however up to 40% of
COPD in some series may have a predominance of eosinophils (Th-2 )
which predicts a better response to steroids but also a greater likelihood
of exacerbations [110,111]. Peripheral eosinophils of >2% (150-200
eosinophils / ul and / or sputum eosinophilia between 2-4% seem to
predict this response [112-114]. Anti-IL-5 antibodies have been used
in COPD (benralizumab and mepolizumab) in studies that have shown
a reduction in exacerbations, but not in symptoms or quality of life
[115-117]. Anti-IL-4 and anti-IL-13 antibodies have not been studied
in COPD or ACO. Neutrophilic has also been the subject of biologicals
in COPD but has not shown clinical benefits [90].

Other significant associations

Eosinophilia in CSF is always abnormal and suggests parasitosis,
fungi, viruses, neoplasms and other rare CNS conditions. The point
is that its presence in CSF should always activate a diagnostic work
[3]. At the gastrointestinal level, eosinophilia can be associated with
eosinophilic gastroenteritis, eosinophilic colitis and eosinophilic
esophagitis. The latter condition is associated with allergic rhinitis,
asthma, food allergy and atopy family history (20-80%) [118]. Findings
of sensation of retrosternal burn, dysphagia and esophageal stenosis
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frequently confuse it with gastroesophageal reflux, so atopic diathesis
and eosinophilia should suggest the diagnosis. Atopy seems to be an
important factor but not mediated by IgE but by IgG, which, as we
know, can behave like a reagin. Th-2 cytokines promote eosinophilic
infiltration and activation of TGF-p (transforming growth factor beta),
remodeling and esophageal stenosis. Diet, esophageal dilations and
drugs are the therapeutic options. Budesonide (drinkable ampoules) 1
mg / day swallowed in children, and 2-4 mg / day in adults, after meals,
is an alternative. It works in Europe in the design of budesonide tablets.
As in asthma, mepolizumab reduces inflammation and remodeling, but
has little impact on symptoms [119]. Sarcoidosis is a granulomatous
disease of a multi-systemic nature, of unknown etiology, characterized
by an infiltration of T helper lymphocytes in the affected sites and which
may occur with eosinophilia, as well as some patients with idiopathic
pulmonary fibrosis [120]. In the critical care scenario, the most
frequent cause of eosinophilia is the adrenal crisis, which in addition
to the clinical data, is accompanied by hyperkalemia, hypoglycemia,
neutrophilia and lymphocytosis [121].

Conclusions

Eosinophils should not be conceptualized as cells that simply mark
allergy or parasitosis.

Its potent protein arsenal, its receptor network, active interaction
with other cells and with chemical mediators profile, define them as
cells of cardinal importance in the immunoregulation circuits of innate
immunity and acquired immunity.

Their regulated participation is beneficial in normal homeostasis,
but their presence and dysregulated activity leads to a series of
pathologies in which they are primary or secondary actors producing
immune, inflammatory and tissue damage.

While it is true that we now know more and better their role in
health and disease, the growing number of idiopathic pathologies
associated with their presence suggests that there is still much to study,
learn, and define about these intriguing cells. The design of monoclonal
antibodies that block the interleukins that regulate their reproduction,
traffic and activity are a good example of how knowledge of their
function, allows to design new molecules that impact the pathologies
in which they are involved.

It is likely that clarifying the relationship between eosinophilic
degranulation and tissue remodeling allows the design of future
therapeutic strategies for diseases and disorders characterized by
eosinophilic dysregulation.
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