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Abstract: Opposite to other immunoglobulin (Ig) classes and subclasses, there is no consensus on
the definition of normal levels of serum total IgE. However, longitudinal studies on birth cohorts
produced growth charts of total IgE levels in helminth-free and never atopic children and defining
the normal ranges of total serum IgE concentration at the individual, rather than population, level.
Accordingly, very ‘low IgE producers’ (i.e., children whose tIgE level belong to the lowest percentiles)
became atopic while keeping their total IgE levels in a range considered ‘normal’ if compared to
the general age-matched population but ‘abnormally high’ if projected on the tIgE growth chart
against the trajectory of that child’s own percentile levels. In ‘low IgE producers’, the IgE-specific
activity, i.e., the ratio between allergen-specific and total IgE, is more important than the absolute
specific IgE levels to confirm causality between allergen exposure and allergic symptoms. Patients
with allergic rhinitis or peanut anaphylaxis but low or undetectable allergen-specific IgE levels
must therefore be reconsidered considering their total IgE levels. Low IgE producers have been
also associated with common variable immunodeficiency, lung diseases, and malignancies. A few
epidemiological studies have shown a higher risk of malignancies in very low IgE producers, leading
to a debated hypothesis proposing a novel, evolutionistic-relevant function for IgE antibodies for
antitumor immune surveillance.
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1. Serum IgE Levels: What Is ‘Normality’?

Immunoglobulin E (IgE) was discovered in the 1960s [1] and was soon implicated
in allergies and helminthic infections [2]. Tests to measure serum IgE concentrations
were developed [3–5] and thresholds of normality proposed [4–6]. However, it was soon
concluded that the serum levels of total IgE in allergic and normal individuals overlap
broadly [7], so that the use of this parameter in the diagnosis of allergies was discarded [8,9].
One of the targets of this review is to challenge the basis of this pessimistic conclusion,
to summarize original data on serum IgE levels obtained during birth cohort studies and
propose a new definition of ‘normal’ IgE levels. The clinical implications of very low total
IgE levels for allergic diseases, immunodeficiencies with respiratory infections, and risk of
malignancies are also discussed.

2. Normal Ranges of Serum IgE Levels by Exposure to Helminth Infections

The normal range of IgG serum levels is kept narrow, being limited to a three-fold
factor only (from 600 to 1800 mg/dL) in humans [10]. In contrast, the average IgE levels are
extremely lower and can broadly range from a few nanograms to hundreds of micrograms
per milliliter of serum [11]. Moreover, opposite to the IgG serum levels, the concentration of
IgE in human serum can rapidly increase even 1000-fold during helminthic infections [12]
or in cystic fibrosis patients during an episode of allergic bronchopulmonary aspergillosis
(ABPA) [13].
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Considering that helminths are, by far, the most potent inducers of IgE [14], different
ranges of normality for the total IgE are being used for helminth-free, Westernized pop-
ulations (from a few to hundreds of nanograms per milliliter) [4,5] and for populations
frequently exposed to helminth infections (from hundreds of nanograms per milliliter to
dozens of micrograms per milliliter) [15]. Hence, the absolute levels and normality range
of serum IgE is a function of exposure to helminths.

3. No Upper Limit and No Lower Limit in Normal Serum IgE Levels: Does It Really
Mean Lack of a Normal Range?

As mentioned above, the apparent lack of constraints in the upper and lower limits
of serum IgE levels greatly hampered the use of this parameter in the diagnostics of IgE-
mediated allergic diseases [8,9]. On the one hand, upper limits of normal total IgE levels
cannot be identified in helminth-free, Westernized populations, whose healthy individuals
have IgE levels considered abnormally high but that would even be considered ‘low’ among
populations living in geographic areas endemic for helminthic infections [15]. On the other
hand, some healthy humans live very well with their serum IgE falling below the lowest
limit of detection in IgE assays [4,16], suggesting the absence of a lower limit of normal
total IgE levels [5]. The attempt to define normal ranges of total IgE levels has therefore
been abandoned and the question forgotten for many decades. The ’normality’ of the
serum levels of gamma-globulins, IgG1, and other immunoglobulin classes and subclasses
is based on cross-sectional analyses at the population level. The above-mentioned great ho-
mogeneity of these Ig levels and their gaussian distributions [17] facilitate the identification
of a ‘normal’ range. Considering that IgE levels are very heterogeneous and not normally
distributed in the population, another statistical approach might be more successful in
defining the normal ranges of serum tIgE levels. The following section is dedicated to
observations suggesting that this is the case.

4. Evolution of Total IgE Levels among Westernized, Non-Allergic Children: An Analysis
at Individual Level

The evolution of total IgE levels was examined at the individual level in the Multicenter
Allergy Study (MAS), a large birth cohort born in Germany in 1990 and examined until
2020 [18]. A hallmark of this cohort study was the availability of sera from blood samples
withdrawn at many time points in life, namely at 1, 2, 3, 5, 6, 7, 10, 13, and 20 years
of age. In this almost unique biobank, the trajectories of the total IgE levels were first
examined in children who never developed allergen-specific IgE, i.e., non-atopic or ‘normal’
children. It was confirmed that serum total IgE levels, even in non-allergic children, can
differ even 100-fold [19,20] and disclosed that the trajectory of total IgE during childhood is
very similar among never atopic children, independently from the absolute concentration
where they are positioned [20]. A natural consequence of this novel observation was the
generation of ‘growth curves’ of the total IgE levels in non-atopic children that can be
represented in percentiles, similar to what is done with weight and height growth curves
during childhood (Figure 1) [20]. It was therefore proposed that the normality of tIgE serum
levels be defined at the individual level, according to the trajectory of the individual’s
percentile on the growth chart, rather than at the population level. In other words, it was
proposed to apply to the definition of the normality of tIgE levels the same criteria routinely
used by pediatricians in defining normality in height and weight [20].
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0.60, 0.70, 0.75, 0.80, 0.90, and 0.97). Quantile trajectories of the absolute t-IgE levels (log (kU/L) be-
tween two consecutive follow-ups are shown, where the values 0, 1, 2, 3, 4, 5, and 6 of the t-IgE 
levels in log-units (kU/L) correspond to 1.00, 2.72, 7.39, 20.09, 54.60, 148.41, and 403.43 kU/L 
(Adapted from [20] with permission). 
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By defining the normality of total serum IgE values at the individual level, the defi-
nition of ‘abnormally high’ tIgE levels would change as well. The MAS also disclosed that, 
at the onset of the first atopic response, a child’s trajectory deviates upwards from the 
‘normal trajectory’ of the patient’s own percentile [20]. Therefore, healthy children whose 
trajectory of IgE levels follows the lower percentiles (e.g., <10th) may become atopic while 
keeping their total IgE levels within values (e.g., 80 kU/L) often considered ‘normal’ at the 
population level [20]. In other words, it was proposed to test the normality of the tIgE 
serum levels in each child with the same statistical approach routinely used by pediatri-
cians in evaluating the ‘normality’ of a child’s weight and height on the basis of the weight 
and height growth charts. Unfortunately, while height and weight can be quickly meas-
ured with easy and not invasive procedures, tIgE levels can be measured only through 
blood drawing. Theoretically, tIgE levels should be measured in never allergic children to 
have a reference value to assign a percentile and evaluate whether these levels are abnor-
mally increased when, later in life, the onset of an IgE-mediated disease is suspected [20]. 
Although scientifically solid enough, the feasibility of this approach is obviously limited 
by ethical, financial, and organizational constraints. 

6. Total IgE Levels in Helminth-Free Populations, a Dual Genetic Control? 
Studies in the MAS birth cohort have also led us to speculate that, in Westernized 

and virtually ‘helminth-free’ children, tIgE levels derive largely from two distinct pools: 
IgE spontaneously produced (‘normal’, baseline IgE) and IgE produced during atopic re-
sponses to environmental allergens (‘abnormal’ or atopic IgE) [19,20]. The biological plau-
sibility in this hypothesis comes from genetic studies that distinguished between genes 

Figure 1. Quantile trajectories of the predicted log-transformed t-IgE levels (kU/L) by age estimated
in the population of ‘never atopic’ subjects (n = 466) after the evaluation of the quantile regression
model for longitudinal data applied considering 13 quantiles (0.03, 0.10, 0.20, 0.25, 0.30, 0.40, 0.50, 0.60,
0.70, 0.75, 0.80, 0.90, and 0.97). Quantile trajectories of the absolute t-IgE levels (log (kU/L) between
two consecutive follow-ups are shown, where the values 0, 1, 2, 3, 4, 5, and 6 of the t-IgE levels
in log-units (kU/L) correspond to 1.00, 2.72, 7.39, 20.09, 54.60, 148.41, and 403.43 kU/L (Adapted
from [20] with permission).

5. Defining Normality of Serum IgE Concentration at the Individual, Not at the
Population, Level

By defining the normality of total serum IgE values at the individual level, the def-
inition of ‘abnormally high’ tIgE levels would change as well. The MAS also disclosed
that, at the onset of the first atopic response, a child’s trajectory deviates upwards from the
‘normal trajectory’ of the patient’s own percentile [20]. Therefore, healthy children whose
trajectory of IgE levels follows the lower percentiles (e.g., <10th) may become atopic while
keeping their total IgE levels within values (e.g., 80 kU/L) often considered ‘normal’ at
the population level [20]. In other words, it was proposed to test the normality of the tIgE
serum levels in each child with the same statistical approach routinely used by pediatricians
in evaluating the ‘normality’ of a child’s weight and height on the basis of the weight and
height growth charts. Unfortunately, while height and weight can be quickly measured
with easy and not invasive procedures, tIgE levels can be measured only through blood
drawing. Theoretically, tIgE levels should be measured in never allergic children to have a
reference value to assign a percentile and evaluate whether these levels are abnormally in-
creased when, later in life, the onset of an IgE-mediated disease is suspected [20]. Although
scientifically solid enough, the feasibility of this approach is obviously limited by ethical,
financial, and organizational constraints.

6. Total IgE Levels in Helminth-Free Populations, a Dual Genetic Control?

Studies in the MAS birth cohort have also led us to speculate that, in Westernized
and virtually ‘helminth-free’ children, tIgE levels derive largely from two distinct pools:
IgE spontaneously produced (‘normal’, baseline IgE) and IgE produced during atopic
responses to environmental allergens (‘abnormal’ or atopic IgE) [19,20]. The biological
plausibility in this hypothesis comes from genetic studies that distinguished between
genes contributing to ‘basal’ IgE levels [21] and genes contributing to atopic IgE [22]. By
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oversimplification, we may therefore categorize children into four subgroups, according
to their genetic predisposition toward a low or high production of ‘normal’ IgE and the
independent genetic predisposition toward abnormal or atopic IgE responses (Figure 2). A
dual genetic control of IgE production would also contribute to explaining our difficulties
in defining the ‘normal’ ranges of total serum IgE with a traditional approach based on a
statistical evaluation of cross-sectional data at the population level.
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Figure 2. Stratification of children according to Marsh’s dual genetic model of tIgE regulation in
humans. One pool of genes would control the baseline production of IgE, i.e., IgE produced in the
absence of helminths and not directed against environmental allergens. A second pool of genes
would be responsible for the propensity to develop IgE responses due to environmental allergens
(atopy). Polymorphisms in the two pools of genes would influence the overall propensity toward
‘high’ or ‘low’ baseline IgE levels and the presence or absence of atopic IgE. The combination of
these two traits would define four categories of children: low IgE producers and not-atopic, low IgE
producers but atopic, high IgE producers but not-atopic, and high IgE producers and atopic.

7. The Very Low IgE Producer but Atopic Patient: An Intriguing and Difficult
Clinical Phenotype

The concepts exposed so far may be of help in understanding those infrequent, but
not rare, clinical cases of patients with IgE-mediated allergic manifestations but very low
allergen-specific IgE levels. This category includes the patients with no genetic predis-
position toward producing high levels of IgE but with a genetic predisposition toward
producing allergen-specific IgE responses (Figure 2). According to the model presented
here, the total IgE levels of these patients, before developing their allergic disease, belong
to the lowest percentiles of the growth chart. When they start producing allergen-specific
IgE, their total IgE levels remain within the population normal range and their specific IgE
levels stay very low, even below 1 kU/L. Case reports have described children undergoing
anaphylactic shock after milk [23] ingestion notwithstanding very low allergen-specific
IgE-Ab levels but combined with low total IgE levels or patients with a peanut allergy with
a positive basophil activation test but very low peanut-specific IgE antibodies [24]. The
relevance of a high specific activity in predicting an allergy to peanuts, together with other
parameters such as the sIgE antibody levels, has been recently confirmed [25]. Other studies
examined young adults with serious allergies to cats and vanishingly low IgE antibody
titers [26] (Table 1).
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Table 1. Diseases reported to be more frequent among humans with very low total IgE serum levels
(<2.5 KU/L) *.

1. Low serum level of other Ig isotypes, CVID
2. Recurrent, chronic airways infections
3. Autoimmune diseases
4. Malignancies
5. Local Allergic Rhinitis

* Insufficient evidence to reach consensus.

IgE-specific activity is one of the four crucial parameters for the effective degranulation
of mast cells and basophils [27]. It is speculated that IgE molecules not recognizing the
culprit allergen reduce the probability that two allergen-specific molecules are bridged by
the allergen itself [27]. Hence, the total IgE levels and the specific activity of IgE antibodies
toward the suspected allergen should always be measured before excluding an allergy
based on ‘low’ levels of specific IgE antibodies [20]. In other words, when we observe a
discrepancy between the low levels of allergen-specific IgE and clear-cut allergic reactions
to that allergen, it is essential to exclude that the patient is a ‘very low IgE producer’ and
therefore a candidate for IgE responses with a high specific activity. Accordingly, predictive
models for anaphylaxis to peanuts suggest incorporating tIgE levels as essential parameters
for a correct diagnosis [25,27,28]. However, not only IgE but also IgG antibodies may
play a relevant role in regulating the pathogenetic impact of IgE antibodies, as previously
discussed [25].

8. Patients with ‘Local Allergic Rhinitis’: Are They ‘Low Total IgE Producers’?

‘Local Allergic Rhinitis’ (LAR) has been defined as a form of allergic rhinitis, confirmed
by Nasal Allergen Provocation Tests (NAPT) in patients with no positive skin prick test
(SPT) or IgE test against the offending allergen [29,30]. The real prevalence of LAR among
patients with chronic, non-infectious rhinitis has been hotly debated, ranging from over
25% in some studies [30] to less than 1% in others [31]. In the initial stages of allergic
rhinitis, IgE are produced only at the mucosal level, and a small portion spills over into
the circulation [32]. Under these circumstances, a negative outcome of allergen-specific SPT
and IgE assay may be associated with a positive NAPT and symptoms of allergic rhinitis
upon allergen exposure [32]. Moreover, recent studies in patients with LAR have found
allergen-specific IgE antibodies absorbed on the surface of circulating basophils in the absence
of allergen-specific IgE antibodies in the patient’s serum [33]. It is proposed that, at first,
basophils, through their Fc-epsilon receptors, can capture all the very few IgE antibodies
that spilled over from the nasal mucosa into the circulating blood and that, at a later stage,
IgE tests can detect free allergen-specific IgE antibodies in the serum, i.e., only when their
mucosal production and spillover process is advanced enough and the IgE-binding capacity
of circulating basophils Fc-epsilon receptors is saturated [33]. In the first stage of allergic
rhinitis, the concentration of free IgE-Ab in the serum would be too low to be detected with
the currently available commercial IgE assays [33]. In keeping with the model presented here,
it may be hypothesized that this initial negative SPT and IgE test stage of allergic rhinitis
may last longer and even be permanent in very low IgE producers [31]. Interestingly, when
these patients are treated with monoclonal anti-IgE antibodies, allergen-specific IgE antibodies
become detectable in the serum [33], which is consistent with the hypothesis that Omalizumab
binds IgE antibodies as soon as they penetrate the circulation and prevents their binding to
the Fc-epsilon receptors of the circulating cells [33]. Increased IgE antibody levels following
Omalizumab is a more general phenomenon also observed in patients with high specific IgE
antibody levels [34]. The hypothesis that patients with ‘true’ LAR are also low or very low
total IgE producers deserves to be explored.
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9. IgE Immunodeficiency: Does It Exist?

The existence of a deficiency in immunoglobulin E production has been hotly debated
since the discovery of this Ig class. Given their very low levels, very close to the lower limit
of detection of most immunoassays, it has been difficult to find an operative definition
for such an immunodeficiency [34]. Levels below 2 kU/L or 2.5 kU/L and other cut-off
points have been proposed as the definition of IgE deficiency [34]. Very low IgE values
are not considered by most doctors as bad news, also reflecting the common opinion that
IgE, although contributing to fighting off many parasite infestations, are not essential in
our quite redundant immune system [35] and that people with undetectable IgE are not
allergic [4].

A possible link between low or undetectable IgE levels and primary immunodefi-
ciencies, with a particular focus on antibody deficiencies, was soon suspected after the
discovery of IgE themselves [36]. IgE levels varied among patients with selective IgA
deficiency, and a combined deficiency did not necessarily predispose them to recurrent
infections [36]. Nevertheless, very low IgE levels are also frequent in subjects with common
variable immunodeficiency (CVID) [37]. Testing for the total IgE may even be a good
strategy in suspecting or disclosing otherwise unrecognized immune defects [38], such
as CVID [16]. In an immunodeficiency and allergy clinic, low IgE levels were associated
with low IgG3 and IgG4 in allergy referrals and with lower IgG1, IgG2, and IgG4 levels in
immunodeficiency referrals [39]. Undetectable serum IgE levels (<2 kU/L) but not very
high IgE levels were very frequent (75.6%) in a cohort of 354 patients with CVID [40].

There is still no report of genetic defects leading to isolated IgE deficiency (i.e., as-
sociated with normal levels of other Ig classes and subclasses). However, a family with
a cluster of cases of IgE deficiency, associated with chronic bronchitis and fibrotic lung
disease, has been reported [41]. Beyond the above-reported discussion on terminologies
and disease definitions, undetectable or very low serum total IgE levels expose patients
to diseases or symptoms including recurrent respiratory infections, autoimmune diseases,
and airway diseases [35] (Table 1).

Whether these associations are genuine or spurious, i.e., due to parallel defects in
other immunoglobulin classes, remains a matter of debate [35]. In a series of 44 patients
with IgE levels lower than 2.5 kU/L, of which 57% had depressed serum levels of other
immunoglobulins, arthralgias, chronic fatigue, and symptoms suggestive of airway infec-
tion, autoimmune diseases were more frequent than among patients with IgE levels higher
than 2.5 kU/L [42]. Interestingly, these differences were observed among both patients
with selective IgE deficiency and patients with IgE deficiency complicated by deficits in
other immunoglobulin classes [42]. The frequency of chronic sinopulmonary inflammatory
diseases, chronic rhinosinusitis, asthma, and COPD was not different among patients with
respiratory diseases and very low or very high serum tIgE levels [43]. Among children
and adults with tIgE levels below 2 kU/L, a higher prevalence of asthma and hyperre-
active airways disease was diagnosed in children, while both children and adults were
more frequently affected by chronic sinusitis, otitis media, autoimmune, and oncological
diseases than their respective controls [44]. A systematic investigation on the biological
basis, pathogenetic mechanisms, and epidemiological and clinical aspects of humans with
no or very low levels of IgE has never been done. Until then, the debated issue of whether
an IgE immune deficiency exists will not be solved.

10. Allergo-Oncology: Are Allergic Patients at Lower Risk of Malignancies?

The evolutionistic origin of IgE is extremely old, dating back several hundred million
years [45], suggesting that IgE-mediated anaphylactic mechanisms are fundamental. The
anaphylactic function of IgE is dependent on Fc-epsilon receptor I molecules (CD23) on
the surfaces of the degranulating cells and the IgE master with Fc-epsilon receptor I as a
complex biological system that has also been called the ‘IgE-network’ [46]. This system
provides a defense mechanism against infections and toxins [47], but a consensus on
whether this is the most relevant function of this Ig isotype has never been reached.
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Multiple epidemiological studies have described inverse associations between allergic
diseases and malignancies [48,49] and led to the hypothesis—supported by experimental
studies on animal models [50]—that IgE may be involved in antitumor surveillance, an area
of investigation purposedly denominated ‘allergo-oncology’ [51]. In the largest of these
epidemiological studies, among 1,102,247 US men and women who were cancer-free at
baseline, with 18 years of follow-up from 1982 to 2000, a total of 81,114 cancer deaths were
registered. A very weak but significant inverse association between a history of both asthma
and hay fever and overall cancer mortality and colorectal cancer mortality in comparison
with persons with neither asthma nor hay fever was observed [52]. In the same study, hay
fever and asthma were associated with a significantly lowered risk of pancreatic cancer
mortality and leukemia mortality, respectively [52]. Similarly, a lower risk of developing
cancer was found among hospitalized patients discharged with a diagnosis of asthma [53].
By contrast, a 10-year follow-up analysis on 93% of the 6913 adults participating in the First
National Health and Nutrition Examination Survey (NHANES-I) showed that an allergic
history weakly but significantly increased the risk of subsequent malignancy, with hives
and lymphatic–hematopoietic being the most frequently involved allergic and malignant
phenotypes [54]. Many other cross-sectional, longitudinal, or case–control epidemiological
studies investigated the association of allergies and cancer, but no definitive conclusion on
an inverse epidemiological association has been reached.

Nevertheless, it has been proposed that FcεRI, whose expression is upregulated by
IgE, mediate through IgE themselves antibody-dependent cellular phagocytosis (ADCP)
and antibody-dependent cellular cytotoxicity (ADCC) against tumor cells which mem-
brane antigens are recognized by IgE antibodies [55]. According to allergo-oncologists,
these IgE antibodies recognizing tumor-associated antigens might activate different cate-
gories of antitumor effector cells, including macrophages, mast cells, and eosinophils [51].
Tumor-specific IgE have been induced in BALB/c mice with a mimotope vaccine orally
administered under anti-acidic conditions, and these antibodies proved to be functional
against breast cancer cells [51]. These outcomes led to proposing protocols to transform
tumor-associated antigens in allergens, orally induce IgE antibodies, and activate strong
antitumor ADCP and ADCC responses [51].

11. Low IgE Producers: Are They at Risk of Malignancies?

If IgE antibodies really do participate in immune surveillance mechanisms against
tumor cells, then low IgE producers should be at risk of developing malignancies. Indeed,
a few reports in the last decade have associated IgE deficiency with malignancies. Among
63 patients with IgE deficiencies, a significantly high rate of prior malignancy was found
(21 out of 63, 33%) compared to those without IgE deficiencies, independently from the
presence of CVID [56]. In a larger epidemiological study on the 2005–2006 National Health
and Nutrition Examination Survey, the rate of prior malignancy, including breast, skin,
uterine, cervical, lung, prostate, and hematologic cancer, was significantly higher in the IgE-
deficient group (here defined as IgE levels below 2.5 kU/L) compared with individuals with
high and very high IgE levels [57]. Causality in the relationship of low or deficient IgE levels
with malignancies was not proven in these retrospective studies. However, 34 IgE-deficient
patients with no malignancy diagnosis, identified in 2014–2015 and monitored for an
average period of 43.5 months, showed incidences of malignancy significantly higher
than non-IgE-deficient controls recruited during the same period/from the same hospital,
and this outcome was independent from a diagnosis of CVID [58]. In line with these
observations, it has also been speculated that a very low IgE level may be a novel early
biomarker predicting cancer development, and it has been suggested that IgE-deficient
patients [51] should be regularly monitored for malignancy [51,58] Any conclusion on
this intriguing hypothesis is premature, and many other longitudinal studies will have to
ascertain a causative link between very low or undetectable IgE levels and malignancies.
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12. Perspectives

Five decades of investigation on IgE and allergic diseases have been mostly dedicated
to investigating the pathologic effect of having too many of these immunoglobulins. For
a few years now, scientists and clinicians have also been studying the other side of the
coin. These investigations are opening new perspectives not only on the understanding of
‘low-IgE-producers’ and allergic patients but also on the search for the still-elusive function
and evolutionistic meaning of this intriguing antibody.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The author declares no conflict of interest.

References
1. Johansson, S.G.O.; Bennich, H. Immunological studies of an atypical (myeloma) immunoglobulin. Immunology 1967, 13, 381–394.

[PubMed]
2. Johansson, S.G.O. Raised levels of a new Immunoglobulin class (IgND) in asthma. Lancet 1967, 290, 951–953. [CrossRef] [PubMed]
3. Wide, L.; Bennich, H.; Johansson, S.G. Diagnosis of allergy by an in-vitro test for allergen antibodies. Lancet 1967, 290, 1105–1107.

[CrossRef]
4. Gleich, G.J.; Averbeck, A.K.; Swedlund, H.A. Measurement of IgE in normal and allergic serum by radioimmunoassay. J. Lab.

Clin. Med. 1971, 77, 690–698. [PubMed]
5. Kjellman, N.M.; Johansson, S.G.; Roth, A. Serum IgE levels in healthy children quantified by a sandwich technique (PRIST). Clin.

Exp. Allergy 1976, 6, 51–59. [CrossRef]
6. Kjellman, N.M. Predictive value of high IgE levels in healthy children. Acta Paediatr. 1976, 65, 465–471. [CrossRef] [PubMed]
7. Dati, F.; Ringel, E.P. Reference values for serum IgE in healthy non-atopic children and adults. Clin. Chem. 1982, 28, 1556.
8. Saarinen, U.M.; Juntunen, K.; Kajosaari, M.; Björkstén, F. Serum immunoglobulin E in atopic and non-atopic children aged 5

months to 5 years: A follow-up study. Acta Paediatr. 1982, 71, 489–494. [CrossRef]
9. Klink, M.; Cline, M.G.; Halonen, M.; Burrows, B. Problems in defining normal limits for serum IgE. J. Allergy Clin. Immunol. 1990,

85, 440–444. [CrossRef]
10. Homburger, H.A.; Katzman, J.A. Methods in laboratory immunology principles and interpretation of laboratory test for allergy.

In Allergy: Principles and Practice, 4th ed.; Middleton, E., Reed, C.E., Ellis, E.F., Adkinson, N.F., Yunginger, J.W., Busse, W.W., Eds.;
Mosby: St. Louis, MO, USA, 1993; pp. 554–572.

11. Oguma, T.; Taniguchi, M.; Shimoda, T.; Kamei, K.; Matsuse, H.; Hebisawa, A.; Takayanagi, N.; Konno, S.; Fukunaga, K.; Harada,
K.; et al. Allergic bronchopulmonary aspergillosis in Japan: A nationwide survey. Allergol. Int. 2018, 67, 79–84. [CrossRef]

12. Fitzsimmons, C.M.; Falcone, F.H.; Dunne, D.W. Helminth Allergens, Parasite-Specific IgE, and Its Protective Role in Human
Immunity. Front. Immunol. 2014, 5, 61. [CrossRef] [PubMed]

13. Sutrave, H.; Ward, A.; Smyth, A.R.; Bhatt, J. Pneumomediastinum as a presenting feature of allergic bronchopulmonary
aspergillosis in a child with cystic fibrosis. J. R. Soc. Med. 2012, 105 (Suppl. S2), S36–S39. [CrossRef] [PubMed]

14. Dombrowicz, D. Identification of major human IgE-inducing parasite antigens: A path to therapeutic approaches? J. Allergy Clin.
Immunol. 2022, 150, 1412–1414. [CrossRef] [PubMed]

15. Cooper, P.J.; Alexander, N.; Moncayo, A.-L.; Benitez, S.M.; Chico, M.E.; Vaca, M.G.; Griffin, G.E. Environmental determinants
of total IgE among school children living in the rural Tropics: Importance of geohelminth infections and effect of anthelmintic
treatment. BMC Immunol. 2008, 9, 33. [CrossRef]

16. Unsworth, D.J.; Virgo, P.F.; Lock, R.J. Immunoglobulin E deficiency: A forgotten clue pointing to possible immunodeficiency?
Ann. Clin. Biochem. 2011, 48, 459–461. [CrossRef]

17. Hapke, M.; Patil, K. The establishment of normal limits for serum proteins measured by the rate nephelometer: Concepts of
normality revisited. Hum. Pathol. 1981, 12, 1011–1015. [CrossRef]

18. Kulig, M.; Tacke, U.; Forster, J.; Edenharter, G.; Bergmann, R.; Lau, S.; Wahn, V.; Zepp, F.; Wahn, U. Serum IgE levels during the
first 6 years of life. J. Pediatr. 1999, 134, 453–458. [CrossRef]

19. Matricardi, P.M.; Bockelbrink, A.; Grüber, C.; Keil, T.; Hamelmann, E.; Wahn, U.; Lau, S. Longitudinal trends of total and
allergen-specific IgE throughout childhood. Allergy 2009, 64, 1093–1098. [CrossRef]

20. Sacco, C.; Perna, S.; Vicari, D.; Alfò, M.; Bauer, C.-P.; Hoffman, U.; Forster, J.; Zepp, F.; Schuster, A.; Wahn, U.; et al. Growth curves
of “normal” serum total IgE levels throughout childhood: A quantile analysis in a birth cohort. Pediatr. Allergy Immunol. 2017, 28,
525–534. [CrossRef]

https://www.ncbi.nlm.nih.gov/pubmed/4168094
https://doi.org/10.1016/S0140-6736(67)90792-1
https://www.ncbi.nlm.nih.gov/pubmed/4167514
https://doi.org/10.1016/S0140-6736(67)90615-0
https://www.ncbi.nlm.nih.gov/pubmed/4101838
https://doi.org/10.1111/j.1365-2222.1976.tb01411.x
https://doi.org/10.1111/j.1651-2227.1976.tb04915.x
https://www.ncbi.nlm.nih.gov/pubmed/936998
https://doi.org/10.1111/j.1651-2227.1982.tb09457.x
https://doi.org/10.1016/0091-6749(90)90153-U
https://doi.org/10.1016/j.alit.2017.04.011
https://doi.org/10.3389/fimmu.2014.00061
https://www.ncbi.nlm.nih.gov/pubmed/24592267
https://doi.org/10.1258/jrsm.2012.12s007
https://www.ncbi.nlm.nih.gov/pubmed/22688366
https://doi.org/10.1016/j.jaci.2022.10.008
https://www.ncbi.nlm.nih.gov/pubmed/36270491
https://doi.org/10.1186/1471-2172-9-33
https://doi.org/10.1258/acb.2011.011052
https://doi.org/10.1016/S0046-8177(81)80258-4
https://doi.org/10.1016/S0022-3476(99)70203-9
https://doi.org/10.1111/j.1398-9995.2009.02055.x
https://doi.org/10.1111/pai.12738


Biomedicines 2023, 11, 1378 9 of 10

21. Meyers, D.A.; Beaty, T.H.; Colyer, C.R.; Marsh, D.G.; Vogler, G.P.; Rao, D.C. Genetics of total serum IgE levels: A regressive model
approach to segregation analysis. Genet. Epidemiol. 1991, 8, 351–359. [CrossRef]

22. Marsh, D.G.; Neely, J.D.; Breazeale, D.R.; Ghosh, B.; Freidhoff, L.R.; Ehrlich-Kautzky, E.; Schou, C.; Krishnaswamy, G.; Beaty, T.H.
Linkage Analysis of IL4 and Other Chromosome 5q31.1 Markers and Total Serum Immunoglobulin E Concentrations. Science
1994, 264, 1152–1156. [CrossRef] [PubMed]

23. Giannetti, A.; Meglio, P.; Ricci, G. Skin prick test: The only predictive tool of anaphylaxis? A case report. Eur. Ann. Allergy Clin.
Immunol. 2014, 46, 49–52. [PubMed]

24. Marrs, T.; Brough, H.A.; Kwok, M.; Lack, G.; Santos, A.F. Basophil CD63 assay to peanut allergens accurately diagnoses peanut
allergy in patient with negative skin prick test and very low specific IgE. Pediatr. Allergy Immunol. 2022, 33, e13739. [CrossRef]
[PubMed]

25. Reier-Nilsen, T.; Michelsen, M.M.; Lødrup Carlsen, K.C.; Carlsen, K.-H.; Mowinckel, P.; Nygaard, U.C.; Namork, E.; Borres, M.P.;
Håland, G. Predicting reactivity threshold in children with anaphylaxis to peanut. Clin. Exp. Allergy 2018, 48, 415–423. [CrossRef]

26. Linden, C.C.; Misiak, R.T.; Wegienka, G.; Havstad, S.; Ownby, D.R.; Johnson, C.C.; Zoratti, E.M. Analysis of allergen specific IgE
cut points to cat and dog in the Childhood Allergy Study. Ann. Allergy Asthma Immunol. 2011, 106, 153–158.e2. [CrossRef]

27. Christensen, L.H.; Holm, J.; Lund, G.; Riise, E.; Lund, K. Several distinct properties of the IgE repertoire determine effector cell
degranulation in response to allergen challenge. J. Allergy Clin. Immunol. 2008, 122, 298–304. [CrossRef]

28. Hemmings, O.; Niazi, U.; Kwok, M.; James, L.K.; Lack, G.; Santos, A.F. Peanut diversity and specific activity are the dominant IgE
characteristics for effector cell activation in children. J. Allergy Clin. Immunol. 2021, 148, 495–505.e14. [CrossRef] [PubMed]

29. Rondón, C.; Romero, J.J.; López, S.; Antúnez, C.; Martín-Casañez, E.; Torres, M.J.; Mayorga, C.; R-Pena, R.; Blanca, M. Local IgE
production and positive nasal provocation test in patients with persistent nonallergic rhinitis. J. Allergy Clin. Immunol. 2007, 119,
899–905. [CrossRef]

30. Rondón, C.; Eguiluz-Gracia, I.; Campo, P. Is the evidence of local allergic rhinitis growing? Curr. Opin. Allergy Clin. Immunol.
2018, 18, 342–349. [CrossRef] [PubMed]

31. Arasi, S.; Pajno, G.B.; Lau, S.; Matricardi, P.M. Local allergic rhinitis: A critical reappraisal from a paediatric perspective. Pediatr.
Allergy Immunol. 2016, 27, 569–573. [CrossRef]

32. Incorvaia, C.; Fuiano, N.; Martignago, I.; Gritti, B.L.; Ridolo, E. Local allergic rhinitis: Evolution of concepts. Clin. Transl. Allergy
2017, 7, 38. [CrossRef] [PubMed]

33. Litovkina, A.; Byazrova, M.; Smolnikov, E.; Nikonova, A.; Elisyutina, O.; Fedenko, E.; Ilina, N.; Akinfenwa, O.; Campana, R.;
Kudlay, D.; et al. Allergic sensitization to Mal d 1 without detectable specific serumIgE. Pediatr. Allergy Immunol. 2022, 33, e13891.
[CrossRef] [PubMed]

34. Mizuma, H.; Tanaka, A.; Uchida, Y.; Fujiwara, A.; Manabe, R.; Furukawa, H.; Kuwahara, N.; Fukuda, Y.; Kimura, T.; Jinno, M.;
et al. Influence of Omalizumab on Allergen-Specific IgE in Patients with Adult Asthma. Int. Arch. Allergy Immunol. 2015, 168,
165–172, Erratum in: Int. Arch. Allergy Immunol. 2015, 168, 218. [CrossRef] [PubMed]

35. Picado, C.; de Landazuri, I.O.; Vlagea, A.; Bobolea, I.; Arismendi, E.; Amaro, R.; Sellarés, J.; Bartra, J.; Sanmarti, R.; Hernandez-
Rodriguez, J.; et al. Spectrum of Disease Manifestations in Patients with Selective Immunoglobulin E Deficiency. J. Clin. Med.
2021, 10, 4160. [CrossRef]

36. Polmar, S.H.; Waldmann, T.A.; Terry, W.D. IgE in immunodeficiency. Am. J. Pathol. 1972, 69, 499–512.
37. Stites, D.P.; Ishizaka, K.; Fudenberg, H.H. Serum IgE concentrations in hypogammaglobulinaemia and selective IgA deficiency.

Studies on patients and family members. Clin. Exp. Immunol. 1972, 10, 391–397.
38. McVicker, S.; Karim, M.Y. IgE deficiency may indicate underlying hypogammaglobulinaemia? J. Clin. Pathol. 2014, 67, 832–833.

[CrossRef]
39. Elkuch, M.; Greiff, V.; Berger, C.T.; Bouchenaki, M.; Daikeler, T.; Bircher, A.; Navarini, A.A.; Heijnen, I.; Recher, M. Low

immunoglobulin E flags two distinct types of immune dysregulation. Clin. Exp. Immunol. 2017, 187, 345–352. [CrossRef]
40. Lawrence, M.G.; Palacios-Kibler, T.V.; Workman, L.J.; Schuyler, A.J.; Steinke, J.W.; Payne, S.; McGowan, E.C.; Patrie, J.; Fuleihan,

R.L.; Sullivan, K.E.; et al. Low Serum IgE Is a Sensitive and Specific Marker for Common Variable Immunodeficiency (CVID). J.
Clin. Immunol. 2018, 38, 225–233. [CrossRef]

41. Schoettler, J.J.; Schleissner, L.A.; Heiner, D.C. Familial IgE Deficiency Associated with Sinopulmonary Disease. Chest 1989, 96,
516–521. [CrossRef]

42. Smith, J.K.; Krishnaswamy, G.H.; Dykes, R.; Reynolds, S.; Berk, S.L. Clinical Manifestations of IgE Hypogammaglobulinemia.
Ann. Allergy Asthma Immunol. 1997, 78, 313–318. [CrossRef] [PubMed]

43. Famuyiwa, F.; Rubinstein, I. Chronic Sinopulmonary Inflammatory Diseases in Adults with Undetectable Serum IgE in Inner-City
Chicago: A Preliminary Observation. Lung 2012, 190, 291–294. [CrossRef] [PubMed]

44. Magen, E.; Schlesinger, M.; David, M.; Ben-Zion, I.; Vardy, D. Selective IgE deficiency, immune dysregulation, and autoimmunity.
Allergy Asthma Proc. 2014, 35, e27–e33. [CrossRef] [PubMed]

45. Warr, G.W.; Magor, K.E.; Higgins, D.A. IgY: Clues to the origins of modern antibodies. Immunol. Today 1995, 16, 392–398.
[CrossRef]

46. Sutton, B.J.; Gould, H.J. The human IgE network. Nature 1993, 366, 421–428. [CrossRef]
47. McDonnell, J.M.; Dhaliwal, B.; Sutton, B.J.; Gould, H.J. IgE, IgE Receptors and Anti-IgE Biologics: Protein Structures and

Mechanisms of Action. Annu. Rev. Immunol. 2022, 41, 255–275. [CrossRef]

https://doi.org/10.1002/gepi.1370080507
https://doi.org/10.1126/science.8178175
https://www.ncbi.nlm.nih.gov/pubmed/8178175
https://www.ncbi.nlm.nih.gov/pubmed/24702877
https://doi.org/10.1111/pai.13739
https://www.ncbi.nlm.nih.gov/pubmed/35212037
https://doi.org/10.1111/cea.13078
https://doi.org/10.1016/j.anai.2010.11.004
https://doi.org/10.1016/j.jaci.2008.05.026
https://doi.org/10.1016/j.jaci.2021.02.029
https://www.ncbi.nlm.nih.gov/pubmed/33675817
https://doi.org/10.1016/j.jaci.2007.01.006
https://doi.org/10.1097/ACI.0000000000000456
https://www.ncbi.nlm.nih.gov/pubmed/29847361
https://doi.org/10.1111/pai.12577
https://doi.org/10.1186/s13601-017-0174-7
https://www.ncbi.nlm.nih.gov/pubmed/29118971
https://doi.org/10.1111/pai.13891
https://www.ncbi.nlm.nih.gov/pubmed/36564883
https://doi.org/10.1159/000442668
https://www.ncbi.nlm.nih.gov/pubmed/26790100
https://doi.org/10.3390/jcm10184160
https://doi.org/10.1136/jclinpath-2014-202461
https://doi.org/10.1111/cei.12885
https://doi.org/10.1007/s10875-018-0476-0
https://doi.org/10.1378/chest.96.3.516
https://doi.org/10.1016/S1081-1206(10)63188-2
https://www.ncbi.nlm.nih.gov/pubmed/9087159
https://doi.org/10.1007/s00408-012-9375-y
https://www.ncbi.nlm.nih.gov/pubmed/22310879
https://doi.org/10.2500/aap.2014.35.3734
https://www.ncbi.nlm.nih.gov/pubmed/24717782
https://doi.org/10.1016/0167-5699(95)80008-5
https://doi.org/10.1038/366421a0
https://doi.org/10.1146/annurev-immunol-061020-053712


Biomedicines 2023, 11, 1378 10 of 10

48. Turner, M.C.; Chen, Y.; Krewski, D.; Ghadirian, P. An overview of the association between allergy and cancer. Int. J. Cancer 2006,
118, 3124–3132. [CrossRef]

49. Wang, H.; Diepgen, T.L. Is atopy a protective or a risk factor for cancer? A review of epidemiological studies. Allergy 2005, 60,
1098–1111. [CrossRef]

50. Nigro, E.A.; Brini, A.T.; Yenagi, V.A.; Ferreira, L.M.; Achatz-Straussberger, G.; Ambrosi, A.; Sanvito, F.; Soprana, E.; van Anken, E.;
Achatz, G.; et al. Cutting Edge: IgE Plays an Active Role in Tumor Immunosurveillance in Mice. J. Immunol. 2016, 197, 2583–2588.
[CrossRef]

51. Jensen-Jarolim, E.; Achatz, G.; Turner, M.C.; Karagiannis, S.; Legrand, F.; Capron, M.; Penichet, M.L.; Rodríguez, J.A.; Siccardi, A.G.;
Vangelista, L.; et al. AllergoOncology: The role of IgE-mediated allergy in cancer. Allergy 2008, 63, 1255–1266. [CrossRef]

52. Turner, M.C.; Chen, Y.; Krewski, D.; Ghadirian, P.; Thun, M.J.; Calle, E.E. Cancer Mortality among US Men and Women with
Asthma and Hay Fever. Am. J. Epidemiol. 2005, 162, 212–221. [CrossRef] [PubMed]

53. Kallen, B.; Gunnarskog, J.; Conradson, T.B. Cancer risk in asthmatic subjects selected from hospital discharge registry. Eur. Respir.
J. 1993, 6, 694–697. [CrossRef] [PubMed]

54. McWhorter, W.P. Allergy and risk of cancer. A prospective study using NHANES-I followup data. Cancer 1988, 62, 451–455.
[CrossRef]

55. Karagiannis, S.N.; Bracher, M.G.; Beavil, R.L.; Beavil, A.J.; Hunt, J.; McCloskey, N.; Thompson, R.G.; East, N.; Burke, F.; Sutton, B.J.; et al.
Role of IgE receptors in IgE antibody-dependent cytotoxicity and phagocytosis of ovarian tumor cells by human monocytic cells. Cancer
Immunol. Immunother. 2008, 57, 247–263. [CrossRef] [PubMed]

56. Ferastraoaru, D.; Gross, R.; Rosenstreich, D. Increased malignancy incidence in IgE deficient patients not due to concomitant
Common Variable Immunodeficiency. Ann. Allergy Asthma Immunol. 2017, 119, 267–273. [CrossRef] [PubMed]

57. Ferastraoaru, D.; Rosenstreich, D. IgE deficiency and prior diagnosis of malignancy: Results of the 2005–2006 national Health and
nutrition examination Survey. Ann. Allergy Asthma Immunol. 2018, 121, 613–618. [CrossRef]

58. Ferastraoaru, D.; Rosenstreich, D. IgE deficiency is associated with high rates of new malignancies: Results of a longitudinal
cohort study. J. Allergy Clin. Immunol. Pract. 2020, 8, 413–415. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1002/ijc.21752
https://doi.org/10.1111/j.1398-9995.2005.00813.x
https://doi.org/10.4049/jimmunol.1601026
https://doi.org/10.1111/j.1398-9995.2008.01768.x
https://doi.org/10.1093/aje/kwi193
https://www.ncbi.nlm.nih.gov/pubmed/15987724
https://doi.org/10.1183/09031936.93.06050694
https://www.ncbi.nlm.nih.gov/pubmed/8519380
https://doi.org/10.1002/1097-0142(19880715)62:2&lt;451::AID-CNCR2820620234&gt;3.0.CO;2-D
https://doi.org/10.1007/s00262-007-0371-7
https://www.ncbi.nlm.nih.gov/pubmed/17657488
https://doi.org/10.1016/j.anai.2017.07.006
https://www.ncbi.nlm.nih.gov/pubmed/28778662
https://doi.org/10.1016/j.anai.2018.07.036
https://doi.org/10.1016/j.jaip.2019.06.031

	Serum IgE Levels: What Is ‘Normality’? 
	Normal Ranges of Serum IgE Levels by Exposure to Helminth Infections 
	No Upper Limit and No Lower Limit in Normal Serum IgE Levels: Does It Really Mean Lack of a Normal Range? 
	Evolution of Total IgE Levels among Westernized, Non-Allergic Children: An Analysis at Individual Level 
	Defining Normality of Serum IgE Concentration at the Individual, Not at the Population, Level 
	Total IgE Levels in Helminth-Free Populations, a Dual Genetic Control? 
	The Very Low IgE Producer but Atopic Patient: An Intriguing and Difficult Clinical Phenotype 
	Patients with ‘Local Allergic Rhinitis’: Are They ‘Low Total IgE Producers’? 
	IgE Immunodeficiency: Does It Exist? 
	Allergo-Oncology: Are Allergic Patients at Lower Risk of Malignancies? 
	Low IgE Producers: Are They at Risk of Malignancies? 
	Perspectives 
	References

