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Abstract

Immunoglobulin E (IgE) is a type of antibody (or immunoglobulin (Ig) "isotype") that is
found only in mammals. IgE is synthesized by plasma cells. Monomers of IgE consist of two
heavy chains (¢ chain) and two light chains, the € chain containing four Igs-like constant do-
mains (Cel-Ce4). IgE is an important part of the immune response against infection by cer-
tain zoonotic worms, and protozoa. IgE may have evolved as a defense to protect against ven-
oms. IgE also has an essential role in type I hypersensitivity, manifests in allergic diseases; al-
lergic asthma, most sinusitis types, allergic rhinitis, food allergies, and chronic urticar-
ia and atopic dermatitis specific types. IgE also plays a pivotal role in responses to allergens,
such as anaphylactic reactions to drugs, bee stings, and antigen preparations used in desensiti-

zation immunotherapy.

IgE is the least blood serum levels in a non-atopic individual are only 0.05% of Ig concentrat-
ion compared to 75% for IgGs at 10mg/ml. But, it can trigger anaphylaxis, one of the most rap-
id and severe immunological reactions. This reviewed IgE role of in some zoonotic parasites.
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Introduction

Pathogenesis of many allergic diseases
involves allergic antibody or IgE (Oettgen
and Geha, 2001). IgE is important in defense
against parasitic diseases, especially those
caused by helminthes and some protozoa
(McSharry et al, 1999). However, due in
part to the redundancy of the immune sys-
tem, low or absent levels of IgE don't pre-
dispose people to severe parasitic infections
(Watanabe et al, 1988). IgE is not believed
to play an important role in defense against
bacterial infections, since it does not activate
complement or participate in opsonization,
but plays a key role in the pathogenesis of
allergic diseases, especially mast cell/ baso-
phil activation, and in antigen presentation
(Stone et al, 2010).

Review, discussion, and conclusion
Immunoglobulin E is one of five isotypes of
human immunoglobulins, IgG, IgA, IgM,
IgD, and IgE, as well as all immunoglobu-
lins are composed of 2 light chains and 2
identical heavy chains (Schroeder and Ca-
vacini, 2010). The heavy chain differentiates
the various immunoglobulin isotypes. The
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heavy chain in IgE is € (epsilon). IgE is a
monomer, and consists of four constant re-
gions, in contrast to other immunoglobulins
that contain only three constant regions. Due
to this extra region, the weight of IgE is 190
kDa compared to 150 kDa for IgG (Lynch et
al, 1998). The Ce2 constant domain is uni-
que to IgE, while the Ce3 region binds to the
low and high affinity IgE receptor. Of note,
the anti-IgE monoclonal antibody omali-
zumab also binds to the Ce3 region, so the
binding of omalizumab to IgE decreases the
amount of “free” IgE available for binding
to IgE receptor-bearing cells including mast
cells and basophils (Vercelli, 2005).
Synthesis: Antibodies are produced by pla-
sma cells. The cells are programmed to ma-
ke IgM by default, but undergo “isotype sw-
itching” to produce IgE with the same anti-
genic specificity under specific conditions.
This process requires cell surface interactio-
ns between B and T cells, as well as soluble
factors from various cell types (Geha et al,
2003). During isotype switching, genomic
DNA is spliced and rejoined in class switch
recombination (Vercelli, 2009).



B cell isotype switching requires two sign-
als: The first signal involves the soluble fac-
tors interleukin-4 (IL-4) and 13 (IL-13) rele-
ased by Th2 cells, mast cells, and basophils.
Interaction of these cytokines with their res-
pective receptors on B cells activates trans-
cription at the specific € germline locus via
signal transducer and activator of transcrip-
tion (STAT) 6. Second signal is the intera-
ction between B cell CD40 and T cell CD40
ligand (CD154), which results in DNA class
switch recombination &IgE expression trig-
gered by nuclear factor kB (NFxB). STAT6
and NF«kB synergize to activate B cell acti-
vator protein (BSAP), promoting production
of IgE (Smith and Ownby, 2009). The re-
moval of the unwanted constant regions by
splicing and rejoining of the DNA requires
AID (activation-induced cytidine deamina-
se) and UNG (uracil DNA glycosylase). Ac-
cessory molecules that amplify IgE product-
ion include CD28/CD80-CD86 interactions.
Also, there are negative signals reduce IgE
production: ID2 (inhibitor of DNA binding
2) binds to E-box; BCL-6 (B cell lymphoma
6) competes with STAT6; and SOCS-1 (su-
ppressor of cytokine signaling 1) also works
on STAT-6. Interferon gamma can also in-
hibit IgE production via STATI-mediated
activation of SOCSI1 (Takhar et al, 2007).

B cell isotype switching to produce antig-
en-specific IgE occurs primarily in mucosal
lymphoid tissues, with the greatest amounts
of antigen-specific IgE production in tonsils
and adenoids, although some also occurs in
peripheral tissues (Eckl-Dorna et al, 2012).

Local IgE: Antigen-specific IgE produc-
tion occurs locally within bronchial and na-
sal mucosa, in addition to the lymphoid tiss-
ues and bone marrow, in patients considered
nonatopic by skin testing and laboratory te-
sts, and more than 99% of circulating allerg-
en-specific IgEproduced within tissues (Bal-
zar et al, 2007). Local IgE production phen-
omenon is termed entopy and may underlie
some cases of chronic nonallergic rhinitis
and severe asthma (Holgate et al, 2005).

Synthesis regulation: The genetic predisp-
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osition to develop allergic disease, or atopy,
is a complex trait that is not fully understo-
od. Total serum IgE levels and regulation of
serum IgE production is strongly influenced
by genetic factors. Less is known about oth-
er genetic factors important for allergic dise-
ase development (Fregonese et al, 2004).

Genome-wide associations identified sev-
eral loci that may be important for IgE regu-
lation, including loci in gene encoding the
alpha chain of high affinity receptor for IgE
(FCeRlIa), STAT6, and in gene RADSO0/IL-
13 cluster (Granada et al, 2012).

IgE receptors: IgE functions by high and
low affinity receptors on mast cells, basoph-
ils and other cells degranulation mast cells,
basophils and antigen presentation. Express-
ion of both receptors enhanced by IgE bind-
ing, so circulating IgE levels correlated posi-
tively with receptor levels (Moffatt et al,
2010).

The high affinity receptor for IgE is FceRI.
IgE binds to a chain exists in two forms: 1-
A tetrameric form (afyz) of FceRI is expre-
ssed on mast cells and basophils. In nonacti-
vated state, these cells are coated with FceRI
receptors bound to various antigen-specific
IgE molecules. If that multivalent antigen
(allergen) enters cell’s environment, it binds
to the IgE, causing the FceRI receptors to
cluster on the cell surface and become cross-
linked (Coker et al, 2003). The cross-linking
leads to activation of the cell and release of
preformed mediators from cytoplasmic gran-
ules (histamine), transcription and release of
cytokines, and synthesis of leukotrienes and
prostaglandins (Galli et a/, 2008). The stren-
gth of the activation signal depends upon the
polyvalency of allergen (IgE number bind-
ing sites) and the affinity of the IgE for all-
ergen (Weidinger et al, 2008). The inflam-
matory mediators released by mast cells and
basophils include histamine, tryptases, and
tumor necrosis factor a, as well as leukotri-
enes and prostaglandins (LTC4 & PGD2,
respectively). These mediators are responsi-
ble for signs and symptoms of immediate
hypersensitivity as well as production of the



Th2 cytokines IL-4, IL-5, & IL-13 initiates
late phase inflammation and promotes more
IgE production. These mechanisms underlie
the clinical manifestations of allergic diseas-
es, such as allergic rhinitis and conjunctivi-
tis, allergic asthma, food allergy, and anaph-
ylaxis. 2- A trimeric form of FceRI (ay,) is
expressed on Langerhans and dendritic cells,
and monocytes as an important for antigen
presentation. In humans, it is theorized that
FceRI on antigen-presenting cells permits
the transpo-rt of antigens captured by IgE in
tissues into peripheral lymph nodes to initi-
ate immune responses (Hibbert et al, 2005).

The low IgE affinity receptor, FceRII
(CD23), is present on a variety of cells. The
constitutively expressed form, CD23a, is
present only on B cells, but inducible form,
CD23Db, is present on B-cells, T-cells, dendr-
itic cells, monocytes, macrophages, neutrop-
hils, eosinophils, intestinal epithelial cells,
and platelets (Tsicopoulos and Joseph, 2000)
Functions include regulation of IgE synthe-
sis (binding of IgE to B cell CD23 inhibits
IgE synthesis), antigen capture and presenta-
tion, and growth and differentiation of B
cells. Epithelial cell CD23 transports IgE-
allergen complexes from the lumen to muco-
sa to interact with mast cells that shed from
the cell membrane (sCD23) by endogenous
proteases causing a soluble form m that may
be important for upregulation of IgE synthe-
sis (Cooper et al, 2012).

Total IgE levels are always measured by a
sandwich-type assay, anti-IgE antibody is
bound to a solid support, a patient's serum is
added, and then unbound protein is washed
away (Bernstein et al, 2008). A second, lab-
eled anti-IgE antibody is added, and amount
bound to patient’s IgE is measured. Total se-
rum IgE levels (1 [U/ml= 2.44ng/ml) were
given as international units or nanograms/
milliliter (Poole ef al, 2005).

Measurement of allergen-specific IgE: The
first allergen-specific IgE commercial assay
was the radio-allergosorbent test or RAST
(Miller et al, 1984). The bound allergen-sp-
ecific IgE was detected with radio-iodinated
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polyclonal antihuman IgE & quantified with
a gamma counter (Hamilton and Adkinson,
2004). The term RAST is still used to refer
to in-vitro assays for allergen-specific IgE,
although modern methods use enzymes inst-
ead of radionucleotides. Other technical ad-
vances in assay technology have dramatical-
ly improved the sensitivity and specificity
IgE allergen-specific measurements. /n vitro
IgE antibody assay or allergen-specific IgE
immunoassay was more accurate characteri-
zed three IgE antibody assays available only
in North America (Hamilton and Williams,
2010): 1- HYTEC-288 is a colorimetric ass-
ay using a paper disc solid-phase support, 2-
Immuno-CAP is a fluoroimmuno-assay with
a cellulose sponge so- lid-phase matrix, and
3- Immulite chemiluminescent assay has a
biotinylated-allergen and avidin particle sol-
id-phase.

The three systems use extracts from dif-
ferent sources immobilized as the antigen
capture allergosorbent, and thus the results
are not interchangeable. These tests quantify
allergen-specific IgE that may or may not
correlate with allergic or specific symptoms
(Popescu and Vieru, 2018). Lower detection
limit for allergen-specific IgE was less than
total IgE. Most labs have a lower limit of 0.1
to 0.35 IU/ml. (Takhar et al, 2005).

Omalizumab effect: Total serum IgE lev-
els measured in the 2 ImmunoCAP assays
were minimally reduced (2.4-9.0%) by oma-
lizumab, but 5 other assays showed good re-
ductions from 12.5% to 67.2% (P<.001), in-
creased in proportion to total serum IgE lev-
els. None used total serum IgE assays meas-
ured free IgE in omalizumab presence (Ha-
milton, 2006). IgE normal level gave least
serum concentration of all IgGs ~150ng/ml
compared to 10mg/ml for IgG, or 66,000-
fold less. Normal levels were 0 to 100IU/ml
(sometimes expressed in kU/L, depended on
laboratory). IgE levels may be given in ng/
ml, and conversion between these units is
1 ITU/ml = 2.44ng/ml. (Dullaers et al, 2012).
The free IgE half-life in serum is about two
days, but once IgE has bound to mast cells,



extended up to two weeks due to high affini-
ty of this interaction (Arnold et al, 2007).

IgE childhood levels: IgE didn't cross the
placenta. So, a woman’s allergen sensitive is
not passed on directly to her offspring via
IgE transfer. But, allergens can pass transpl-
acentally, and fetus can produce allergen-sp-
ecific IgE. Routine allergen-specific IgE im-
munoassays cannot distinguish infant from
maternal IgE, but a highly sensitive investig-
ational microarray technique showed that
infants can have IgE specific to food and in-
halant allergens already present at birth (Ka-
memura et al, 2012). Preschool levels don't
correlate well with those at older ages. Fact-
ors associated with increased total IgE levels
include male, African-American race, pover-
ty, increased serum cotinine, less than a 12
grade education, and obesity (Gergen et al,
2009). In atopic persons, total serum IgE le-
vels may fluctuate. For example, in pollen-
sensitized ones, serum IgE levels peak four
to six weeks after pollen season height and
decline until next pollen season (Underdown
et al, 1976).

Breastfeeding: Human breast milk has ne-
gligible IgE levels (Duchén and Bjorkstén,
1996). However, IgE serum level of breast-
feeding mother influences the serum level of
her infant. Children of mothers with high
IgE levels who breastfed the children for 4
months or longer had higher total IgE levels
than bottle-fed infants or infants breastfed
for less than 4 months (Wright ez al, 1999).
In contrast, breastfed infants of mothers with
low IgE levels were more likely to have
lower IgE levels than the bottle-fed or less
than four months of breastfeeding infants.
Paternal IgE levels did not have a detectable
influence on children’s IgE levels.

Decreased total IgE: Most assays can only
detect IgE levels to 2 to 5 TU/ml. with lower
levels characterized as undetectable. IgE de-
ficiency was defined as levels <2.5 [U/ml.
Decreased in humans IgE levels is associat-
ed with decreased levels of other immuno-
globulins and with sinopulmonary disease as
well as an increased autoimmune diseases
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(Schoettler ef al, 1989). It was unclear, if is-
olated IgE deficiency in man was a clinical-
ly relevant immunodeficiency or more gene-
ral immune dysregulation marker (Smith et
al, 1997). Increased total IgE occurs in aller-
gic diseases, some primary immunodeficie-
ncy, parasitic and viral infections, specific
inflammatory diseases, some malignancies,
and other disorders handful (Chan and Ge-
land, 2015). Also, it is associated with aller-
agic and respiratory diseases such as atopic
dermatitis, allergic bronchopulmonary aspe-
rgillosis, asthma, persistent children wheezi-
ng, and airway hyper-responsiveness (Knut-
sen and Slavin, 2011).

Immunodeficiencies: Several primary im-
munodeficiencies are associated with elevat-
ed levels of IgE (Ozcan et al, 2008). It is un-
clear what pathologic role, if any, the increa-
sed IgE level has in these disorders.

Patients with hyper-IgE syndrome (Job sy-
ndrome) increased total IgE, usually range
from 2000 to more than 50,000IU/ml. A sy-
ndrome characterized by eczema, retained
primary teeth, joint hyper-extensibility, cha-
racteristic facies, and pathologic fractures.
They were more susceptible to fungal and
Staphylococcus aureus infections of skin ab-
scesses and lungs, including pneumatoceles
(Cameron et al, 2003).

Netherton syndrome (cutaneous ichthyo-
sis) is a rare autosomal recessive disorder
due to a deficiency in SPINKS (skin specific
protease inhibitor Kazal type 5) causing IgE
sensitization by damaging skin barrier. IgE
total levels were from 100 to >10.0001U/ml.
This may be similar to hyper-IgE syndrome,
except ichthyosis and bamboo hair (trichorr-
hexis invaginata) occurs in Netherton syndr-
ome (Moltrasio et al, 2023).

The immunodysregulation polyendocrinop-
athy, enteropathy, X-linked (IPEX) is a rare
X-linked primary immune deficiency with
autoimmunity composed of a triad of entero-
pathy, endocrinopathy (diabetes or hypothy-
roid), and eczema, and patients have increa-
sed IgE & IgA with rare or absent of T regu-
latory cells (Spasevska et al, 2023).



Wiskott-Aldrich syndrome, a rare X-link-
ed syndrome due to mutations in Wiskott-
Aldrich syndrome protein (WASP), is assoc-
iated with eczema, thrombocytopenia, varia-
able T cell function and increased IgE levels
(Buchbinder et al, 2014). Omenn syndrome
with erythroderma failed to thrive, diarrhea,
hepatosplenomegaly, lymphadenopathy, eo-
sinophilia, increased IgE, but decreased IgG,
IgA, & IgM, and combined B & T cell imm-
unodeficiency due to hypomorphic mutatio-
ns in RAGI, RAG2, or ARTEMIS altered rec-
eptor rearrangement (Al-Hammadi, 2015).

One phenotype of complete DiGeorge syn-
drome has oligoclonal T-cell expansion with
elevated IgE levels, in addition to the classic
midline deficits (thymic hypoplasia, cardiac
defects, parathyroid disease, cleft palate, and
classic facies (Ellertsen ef al, 2009).

Infections with certain parasites and virus-
es are associated with an elevated serum IgE
mainly in developing countries; parasites are
the commonest cause of IgE elevations (Pien
et al, 2008): 1- A primary role for IgE is co-
mbating parasitosis (Duarte et al, 2007). Pa-
rasites increasing serum IgE levels are Asca-
ris, Echinococcus, filariae, hookworms, Sch-
istosoma, Strongyloides, Toxocara, and Tri-
churis that reflect parasite-specific IgE and
total IgE (Varatharajalu et al, 2011). Incre-
asing IgE levels were associated with incr-
easing tissue invasion, and peripheral blood
eosinophilia usually occurred in the children
(Zar et al, 2002). 2- Human immunodefici-
ency virus type 1 patients have elevated IgE
levels, and increased allergic reactions to dr-
ugs or environmental allergens (Bowser et
al, 2007). In HIV-positive adults, elevated
IgE levels may be partially related to various
other conditions, such as [.V. drug use or al-
cohol intake (Miguez-Burbano et al, 1995).
3- Viral infections associated with elevated
IgE levels are Epstein-Barr virus and cytom-
egalovirus. In EBV mononucleosis, IgE lev-
els increase initially and return to baseline
within weeks to months (Bahna er al, 1984).
4- Elevated IgE levels may be seen in infect-
ions with bacterial TB (Kutlu et a/, 2008).
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Inflammatory diseases: Churg-Strauss syn-
drome features elevated IgE (up to 50001U/
ml.), necrotizing small and medium-sized
vessel vasculitis and eosinophilia associated
with asthma (Marques et al, 2017).

Kimura disease is a rare benign chronic in-
flammatory disorder with lymphadenopathy
and eosinophilic adenitis of head and neck
regions of middle-aged Asian males with
IgE levels greater than 1000 IU/ml, periphe-
ral eosinophilia (Abuel-Haija and Hurford,
2007). Generally, much controversy existed
as to the relationship between Kimura's dise-
ase and angiolymphoid hyperplasia with eo-
sinophilia, and initially thought to give the
same disease spectrum, but accepted as two
separate diseases. Chong et al. (2006) repor-
ted that Kimura's disease and angiolymph-
oid hyperplasia were two separate diseases
with eosinophilia coexisted in same patient.
Angiolymphoid hyperplasia with eosinophil-
ia (ALHE) is a benign vascular neoplasm af-
fect mainly middle-aged women and wheth-
er AHLE and Kimura's disease might repres-
ent two variants of same disease entity.

Neoplasms were association with IgE ele-
vations include Hodgkin and non-Hodgkin
lymphoma (Eckschlager et al, 2004), especi-
ally nodular sclerotic histology, cutaneous T
cell lymphoma/Sezary syndrome (Scala et
al, 2012), and IgE myeloma (Hua et al,
2012). IgE myelomas are extremely rare
(0.01% of plasmacytomas) with serum IgE
levels from 0.6 to 63g/L (Wang al, 2009).

Other disorders: 1- Patients with bone ma-
rrow transplantation, IgE levels can increase
up to 2000-fold, even without graft-versus-
host disease (Ringdén et al, 1983), 2- Neph-
rotic syndrome associated with different gl-
omerulonephritis forms is associated with
increased IgE levels that decrease with thera
py (Tan et al, 2011), 3- Cigarette smokers
often have increased IgE levels compared to
nonsmokers, especially in men (Arnson et
al, 2010), & 4- Alcoholism increases serum
IgE levels (Gonzalez-Quintela ef al, 2002).

Anti-IgE therapy: Omalizumab (Xolair) is
a recombinant humanized monoclonal antib-



ody that binds to the Ce3 portion of free ser-
um IgE. It treated perennial moderate to sev-
ere chronic persistent allergic asthma, was
effective for other IgE-mediated diseases as
well (Friedrich et al, 2008).

Reddel et al. (2021) in Austria added that
clinical nurse specialists can monitor for sig-
ns of anaphylaxis, such as urticaria, hypote-
nsion, and shortness of breath. Pharmacists
can monitor patients for adverse drug reacti-
ons from drug therapy. Immunologists can
monitor patients with severe asthma and add
omalizumab (Anti-IgE) therapy when indic-
ated according to GINA guidelines.

Conclusion

IgE is a critical defense against some para-
sitosis and in mast cell and basophil degran-
ulation and antigen presentation, and central
to many allergic diseases pathogenesis.

IgE is produced by plasma cells. Isotype
switching of B cells to produce antigen-sp-
ecific IgE requires interleukins 4 & 13, and
interactions between B & T cells. Antigen-
specific IgE production takes place in muco-
sal lymphoid tissues, particularly tonsils and
adenoids.

IgE functions via its high (FceRI) and low
(FceRID) affinity receptors on mast cells, ba-
sophils and other cells causing mast cells de-
granulation, and basophils and antigen pres-
entation. Expression of both receptors posi-
tively correlated to circulating IgE levels.

Total IgE levels are measured by sandwi-
ch-type assays that detect IgE levels as low
as 2 to 5 IU/ml, with lower levels character-
ized as undetectable. Normal serum levels
range from undetectable to 100 [U/ml.

IgE don't pass via placenta, its levels in-
crease from birth with peak between 16 to
19years old. IgE deficiency is levels of total
IgE <2.5 IU/ml. Decreased IgE levels can be
associated with deficiencies of other immu-
noglobulins or sinopulmonary disease and
autoimmune diseases. But, it is unclear if
isolated IgE deficiency in humans is a clini-
cally relevant immunodeficiency or a mark
er of more general immune dysregulation.
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IgE total serum increases in allergic disea-
ses, some primary immunodeficiencies, para
sitic and viral infections, and some inflamm-
a tory diseases or malignancies, or other dis-
orders. Block and decrease receptor express-
ion is a strategy in allergic disease treatment.
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Table 1: Conditions associated with elevated serum IgE

Diseases Agent Name
Infectious Parasitic | Ascariasis, Schistosomiasis & Strongyloidiasis
Bacterial | Human immunodeficiency virus (HIV) infection Mycobacterium tuberculosis , Cyto-
or viral megalovirus & Epstein-Barr virus (EBV)
Atopic Allergic fungal rhinosinusitis, Atopic dermatitis, Allergic asthma &Allergic rhinitis
Immunodeficiencies Hyperimmunoglobulin E syndrome , Wiskott-Aldrich syndrome, Netherton disease,
Immune dysregulation, polyendocrinopathy, enteropathy, X-linked syndrome (IPEX),
Omenn syndrome &Atypical complete DiGeorge syndrome
Inflammatory Eosinophilic granulomatosis with polyangiitis (Churg-Strauss) & Kimura disease
Neoplasms Hodgkin lymphoma & IgE myeloma
Others Tobacco smokers, Cystic fibrosis, Nephrotic syndrome, Bone marrow transplantation
& Bullous pemphigoid

Fig. 1: Immunoglobulin E structure, Fig. 2: Allergen-specific IgE production and dissemination, Fi

Explanation of figures
. 3: Main causes of IgE serum elevation.
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