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 Abstract

Anaphylaxis is an acute, life-threatening, multisystem syndrome resulting from the sudden release of mediators derived from mast cells 
and basophils. Food allergens are the main triggers of anaphylaxis, accounting for 33%-56% of all cases and up to 81% of cases of 
anaphylaxis in children. Human anaphylaxis is generally thought to be mediated by IgE, with mast cells and basophils as key players, 
although alternative mechanisms have been proposed. Neutrophils and macrophages have also been implicated in anaphylactic reactions, 
as have IgG-dependent, complement, and contact system activation. Not all allergic reactions are anaphylactic, and the presence of the 
so-called accompanying factors (cofactors or augmenting factors) may explain why some conditions lead to anaphylaxis, while in other 
cases the allergen elicits a milder reaction or is even tolerated. In the presence of these factors, allergic reactions may be induced at lower 
doses of allergen or become more severe. Cofactors are reported to be relevant in up to 30% of anaphylactic episodes. Nonsteroidal 
anti-inflammatory drugs and exercise are the best-documented cofactors, although estrogens, angiotensin-converting enzyme inhibitors, 
β-blockers, lipid-lowering drugs, and alcohol have also been involved. 
The mechanisms underlying anaphylaxis are complex and involve several interrelated pathways. Some of these pathways may be key 
to the development of anaphylaxis, while others may only modulate the severity of the reaction. An understanding of predisposing and 
augmenting factors could lead to the development of new prophylactic and therapeutic approaches.
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 Resumen

La anafilaxia se describe como una reacción aguda, con afectación multisistémica que puede causar la muerte del individuo que la 
padece, y que es consecuencia de una liberación súbita de mediadores originados en mastocitos y basófilos. Los alérgenos alimentarios 
son los desencadenantes más frecuentemente relacionados con las reacciones anafilácticas, suponiendo entre un 33 y un 56% de todos 
los casos y hasta un 81% de las anafilaxias en niños. Se considera que las anafilaxias en humanos están mediadas a través de la IgE, y 
los mastocitos y basófilos juegan un papel principal. Sin embargo, se han descrito otros mecanismos alternativos. De este modo, otros 
tipos celulares se han implicado en las reacciones anafilácticas, como es el caso de los neutrófilos o los macrófagos. La activación del 
complemento o del sistema de contacto, así como mecanismos mediados a través de la IgG, también han sido descritos. No todas las 
reacciones alérgicas acaban siendo una anafilaxia, de modo que se ha postulado la existencia de factores acompañantes (cofactores o 
factores potenciadores) que explicarían porque en algunos casos los alérgenos no son capaces de inducir una reacción alérgica o inducen 
una reacción leve, mientras que en otros casos desencadenan reacciones graves. Los cofactores se consideran relevantes hasta en el 30% 
de los episodios anafilácticos. En presencia de esos cofactores, las reacciones alérgicas pueden desarrollarse con concentraciones inferiores 
de alérgeno o ser más grave que en ausencia de ellos. Los antinflamatorios no esteroideos (AINE) y el ejercicio físico son los cofactores 
mejor conocidos, aunque se han descrito muchos otros, como los estrógenos, los inhibidores del enzima convertidor de la angiotensina, 
los β-bloqueantes, los hipolipemiantes o el alcohol. 
Los mecanismos subyacentes en la anafilaxia son muy complejos y múltiples mecanismos parecen estar interrelacionados. Algunos de 
ellos pueden ser claves en el desarrollo de la anafilaxia, mientras que otros estarían únicamente modulando la gravedad de la reacción. 
La compresión de estos mecanismos es clave y permitirá el desarrollo de nuevas estrategias profilácticas y terapéuticas en la anafilaxia.
Palabras clave: Adenosina. AINE. Anafilaxia. Cofactor. Ejercicio. IgE. IgG. Mastocito.
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Introduction

Anaphylaxis is an acute, life-threatening, multisystem 
syndrome resulting from the sudden release of mediators derived 
from mast cells and basophils [1]. Food allergens are the main 
triggers for anaphylaxis, accounting for 33%-56% of all cases and 
up to 81% of cases of anaphylaxis in children [2-4]. Therefore, 
this review focuses mainly on food-induced anaphylaxis.

Human anaphylaxis is generally thought to be mediated 
by IgE, with mast cells and basophils as key players, although 
alternative mechanisms have been proposed [5-7]. Several 
studies have revealed the complexity of mast cell signaling 
and the sensitivity of this system to regulation by individual 
pathways [8]. A wide variety of molecules contribute to 
the regulation of the allergic response, yet only a few can 
be classified as essential. Several reports have highlighted 
pathways/molecules that affect mast cell regulation and its 
threshold of activation. These molecules might play a key 
role in the release of mediators and in the pathophysiology 
of anaphylaxis [9]. The alternative pathways described in 
anaphylaxis arise from complement activation, neuropeptide 
release, T-cell activation, immune complex formation, 
cytotoxicity, IgG-dependent reactions, and involvement 
of purinergic metabolism [6,10]. However, most of these 
mechanisms are not fully understood. 

The Classical Pathway: IgE, Mast Cells, 
and Basophils

The mechanism classically associated with human 
anaphylaxis is initiated by an allergen interacting with 
allergen-specific IgE bound to the FcεRI receptor on mast 
cells, basophils, or both. These allergens interact with IgE 
molecules on 2 or more receptors of the cell surface to cause 
cross-linking, which leads to receptor aggregation and initiates 
intracellular signaling. If signaling is sufficiently robust, mast 
cell/basophil activation and degranulation develop, with the 
release of preformed mediators, enzymes, and cytokines, such 
as histamine, tryptase, and tumor necrosis factor [8]. These 
mediators act directly on tissue to cause allergic symptoms 
and recruit/activate other inflammatory cells. The recruited 
cells release more mediators and stimulate the production 
of lipid-derived mediators such as prostaglandin D2 and 
cysteinyl leukotrienes, leading to amplification of the allergic 
reaction [11-13]. 

The process described above is likely an over-simplification 
of what actually occurs during an in vivo reaction, and several 
factors may influence antigen-dependent mast cell activation 
under specific conditions [14]. 

IgG-Mediated Reactions

IgG can bind to 6 different Fcgamma receptors (FcγR), 
namely, FcγRI, FcγRIIA, FcγRIIB, FcγRIIC, FcγRIIIA, 
and FcγRIIIB, which are expressed with different affinities, 
downstream signaling, and pattern expression [15]. All 
6 induce activation, except FcγRIIB, which mediates an 
inhibitory signal. FcγRI is considered to be the high-affinity 

receptor, although FcγRIIIB can bind IgG with high and low 
affinity depending on the IgG subclass. 

The role of IgG in anaphylactic reactions has been 
demonstrated in mouse models. In a passive systemic 
anaphylaxis model, the allergen interacts with the specific IgG 
bound to FcγRIII on macrophages and basophils [5,7,16]. In 
this case, macrophage activation results mainly in the release 
of platelet-activating factor (PAF), rather than histamine [5,7]. 
The IgG-mediated pathway requires more antibody and 
antigen than the IgE-mediated pathway. In fact, IgG blocks 
IgE-dependent anaphylaxis when the individual is exposed to 
low doses of allergen. IgG either intercepts the antigen before 
it can cross-link mast cells/basophil–associated IgE or activates 
FcγRIIB, an inhibitory receptor. Furthermore, low doses of 
IgG are insufficient to induce IgG-mediated anaphylaxis, 
presumably because FcγRs have a much lower affinity than 
FcεRI (high-affinity IgE receptor) [5,7]. 

A previous study showed that the activation of FcγRIV 
receptors by IgG2 antibodies in neutrophils played a major 
role in mouse models of anaphylaxis [17]. Of note, neutrophils 
were not only sufficient, but played a dominant role in active 
systemic anaphylaxis. Neutrophils have been reported to be 
major PAF producers, and PAF secretion has been observed 
in mice undergoing neutrophil-dependent anaphylaxis [17,18]. 
Furthermore, PAF, rather than histamine, was the most 
important mediator in this type of anaphylaxis. However, 
release of PAF is not exclusively observed in IgG-mediated 
anaphylaxis, and some animal models have also demonstrated 
its presence in IgE-mediated reactions [8]. 

Although the existence of IgG-mediated anaphylaxis in 
humans remains unclear, some studies have shown that PAF, a 
mediator that seems to be associated with the IgG mechanism, 
is an essential mediator in human anaphylaxis. Vadas et al [19] 
showed that circulating PAF levels are increased and PAF 
acetylhydrolase (PAF-AH) activity is decreased in proportion 
to the severity of anaphylaxis. The biological half-life of PAF, 
which ranges from 3 to 13 minutes, is determined primarily by 
the rate of inactivation by PAF-AH [20]. Therefore, the slower 
the inactivation of PAF, the more severe the anaphylactic 
reaction may be. Patients with the lowest levels of PAF-AH 
activity are 27 times more at risk of severe or fatal anaphylaxis 
than patients with normal levels of PAF-AH activity. These 
and other studies suggest that PAF-AH deficiency predisposes 
to severe anaphylaxis [19,21]. 

The results of a recent study by Muñoz-Cano et al [10] 
suggest that both IgG and neutrophils may be involved 
in human anaphylaxis. In a group of patients with food 
anaphylaxis induced by lipid transfer proteins (LTP), the 
authors observed increased presence of specific anti-LTP IgG1 
and IgG3 and increased expression of the 3 genes coding for 
the activating receptor FcγRI (CD64) [10]. Previous studies 
have demonstrated FcγRI-mediated human mast cell activation 
via IgG [22,23]. Both IgG1 and IgG3 bind to FcγRI, which is 
expressed in monocytes and macrophages and is inducible in 
neutrophils and mast cells [15,24]. FcγRI is the only Fc gamma 
receptor that binds to monomeric IgG (particularly IgG1 and 
IgG3) with high affinity. Muñoz-Cano et al found that LTP-
allergic patients presented both specific IgG and anti-LTP IgE, 
suggesting that the activation of both IgG and IgE pathways 
may contribute substantially to the anaphylactic response. In 
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a study with patients allergic to galactose-alpha-1,3-alpha-
galactose (α-gal), an allergen involved in allergy to red meat 
and cetuximab [25,26], Rispens et al [27] demonstrated the 
existence of both specific IgE and IgG anti–α-gal; these 
antibodies were IgG1. 

As for the role of neutrophils in LTP-dependent anaphylaxis, 
Muñoz-Cano et al [10] showed, interestingly, that expression 
of markers of neutrophil activation and trafficking were 
significantly increased. Moreover, enhanced neutrophilic 
activity was suggested by elevated levels of reactive oxygen 
species/reactive nitrogen species, which are a measure of 
oxidative outburst. Many assumptions could be made based 
on the finding of specific IgG anti-LTP in patients with 
LTP-dependent anaphylaxis and existing evidence, although 
further studies are required to confirm them. These findings 
may suggest that the paradigm of IgE-mediated mast cell/
basophil-induced food anaphylaxis is not totally accurate. In 
this particular case, LTP may be eliciting the allergic response 
via IgE, IgG, or both, activating not only mast cells and 
basophils, but also neutrophils. In any case, it is important to 
remember that other allergens may act similarly. Therefore, the 

possible combinations of cell types and Ig pathways involved 
in anaphylaxis are of significance. 

Complement Activation in Anaphylaxis

Human mast cell activation via FcγRI-IgG constitutes a 
novel paradigm (see above). Although FcγRI receptors are 
normally occupied by serum monomeric IgG, this does not 
prevent their activation by IgG immune complexes. The 
latter have higher binding affinity and can therefore displace 
monomeric IgG and trigger hypersensitivity responses [24,28]. 
On the other hand, immune complexes also activate the 
complement system, generating anaphylatoxins such as C3a. 
C3a has a direct effect on mast cell activation in rat and in 
the human mast cell line HMC-1 [29]. Woolhiser et al [23] 
confirmed that C3a induced degranulation in CD34+-
derived human mast cells, although dramatic differences 
were observed between donors. Interestingly, C3a also 
demonstrated a synergistic effect with FcγRI activation, 
inducing a 2-fold increase in the release of FcγRI-induced 

Figure. Mechanism of anaphylaxis. Ig indicates immunoglobulin; NSAID, nonsteroidal anti-inflammatory drug; ACE, angiotensin-converting enzyme; PAF, 
platelet-activating factor..
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β-hexosaminidase [23]. The combined effect of IgG and 
C3a results in greater mast cell activation or activation under 
circumstances in which neither of the stimuli would elicit 
maximal release on its own. 

In a mouse model, Khodoun et al [30] demonstrated that 
peanut induces severe allergic reactions by Ig-independent 
activation of the complement system with production of 
large amounts of the anaphylatoxin C3a. Peanut activation 
of complement may synergize with the IgE response induced 
by the same allergen, contributing to the development of 
the characteristic severe reactions of these patients. The 
activation of complement by peanut in human plasma was 
also demonstrated in this study. Although the activation had 
a dose-dependent effect, its magnitude seemed lower than in 
the mouse model. In contrast, other allergens such as milk 
and egg white showed little ability to activate complement in 
human plasma [30]. Therefore, these results support that the 
severity of an allergic reaction depends not only on patient 
susceptibility [10] or presence of cofactor [31], but also on 
intrinsic characteristics of the allergen.  

Activation of complement in the absence of immune 
complex formation has been proposed to account for reactions 
with drugs solubilized in therapeutic liposomes and lipid-
based excipients. Cremophor EL was the diluent of the older 
preparations of propofol and paclitaxel; it formed large 
micelles with serum lipids and cholesterol that could stimulate 
complement activation under physiological conditions [32]. 
Complement activation leads to the release of C3a, C5a, and 
C5b-9, which trigger activation of mast cells, basophils, and 
other cells via their specific receptors. Although from a clinical 
point of view these reactions cannot be differentiated from 
IgE-mediated reactions, they do have specific characteristics. 
These reactions mostly arise upon first treatment, in patients 
who have not previously been exposed to the drugs, and re-
exposures are related to milder or no reactions. Moreover, 
the reactions respond to the infusion rate and premedication 
with corticosteroids and antihistamines. Interestingly, there is 
substantial interindividual variation, and sensitivity to a specific 
liposome does not necessarily imply sensitivity to others [33]. 

Contact System Activation in 
Anaphylaxis

Direct or indirect activation of the intrinsic blood 
coagulation pathway in IgE-mediated reactions has been 
described [34]. A recent study demonstrated how heparin 
levels increase and the factor XII-driven contact system 
becomes activated during anaphylaxis, resulting in production 
of bradykinin [35]. The effect of heparin as a trigger of 
contact activation–mediated bradykinin formation was 
suggested around the end of 2007, after analysis of a series of 
heparin-induced anaphylactic shocks in the United States and 
Germany. More than 150 patients died from anaphylactic shock 
associated with oversulfated chondroitin sulfate–contaminated 
heparin [36]. The contaminated heparins were shown to 
activate factor XII and trigger bradykinin formation [37]. 
Bradykinin was therefore thought to play a key role in 
anaphylactic shock, and targeting its generation seems to be a 
promising strategy for treatment of anaphylaxis. Bradykinin 

induces hypotension via the bradykinin type 2 receptor, and 
blockage using a commercially available antagonist such as 
icatibant could be a valid therapeutic option [38]. 

Role of Cofactors or Augmenting Factors 
in Anaphylaxis

Not all allergic reactions are anaphylactic, and the presence 
of the so-called accompanying factors could explain why 
some conditions lead to anaphylaxis, while in other cases, the 
allergen elicits a milder reaction or is even tolerated. In the 
presence of cofactors, allergic reactions may be induced at 
lower doses of allergen or become more severe and are reported 
to be relevant in up to 30% of episodes of anaphylaxis [31,39]. 
Recently, Niggermann and Beyer [40] proposed 3 categories of 
risks factors for anaphylaxis: first, the augmenting factors, such 
as physical exercise, acute infections, drugs (nonsteroidal anti-
inflammatory drugs [NSAIDs], proton pump inhibitors [PPI]), 
alcohol, and menstruation, which influence the immunological 
mechanism of type I allergy; second, concomitant diseases, 
which are related to more severe reactions and/or increased 
mortality and include asthma, mastocytosis, and cardiovascular 
diseases; and third, cofactors, which are defined as a subgroup 
of risk factors with no influence on the allergen–IgE reaction. 
Examples of this category are psychological factors (eg, 
emotional stress), angiotensin-converting enzyme (ACE) 
inhibitors, or specific allergens. However, and considering the 
general lack of knowledge about the mechanisms underlying 
these risk factors, they can hardly be so strictly classified. 
Therefore, for the purposes of this review, the terms cofactor 
and augmenting factor are used indistinctively.  

Estrogens

Several clinical studies have suggested sex differences 
in the incidence of anaphylaxis, showing that adult women 
experience anaphylaxis more often than men [41,42]. However, 
these differences are only observed during the reproductive 
years, but not the prepubertal years, suggesting that sex 
hormones might be involved [42]. Furthermore, recurrent 
episodes of anaphylaxis around the time of menstruation have 
been reported, suggesting that estrogens or progesterone might 
be involved in susceptibility to anaphylaxis [43]. Similarly, 
exacerbations associated with the menstrual cycle are well 
documented in patients with urticaria and asthma [44,45].  

The increased susceptibility to anaphylaxis in females 
noted in clinical studies was recently reproduced in a mouse 
model of systemic anaphylaxis constructed by Hox et al [46]. 
The ablation of the major source of sex hormones in female 
mice by ovariectomy resulted in a reduction in the severity 
of anaphylaxis compared with nonovariectomized animals. 
Moreover, subcutaneous implantation of estradiol-releasing 
pellets into ovariectomized mice restored the severity of the 
anaphylactic reaction, suggesting that these sex differences 
were estradiol-dependent. However, ovariectomized animals 
showed similar serum concentrations of mast cell mediators 
such as histamine or IL-6, indicating that the estrogen effect 
was not due to enhancement of the IgE-mediated mast 
cell response. Interestingly, the authors found evidence of 
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increased vascular permeability in female mice experiencing 
anaphylaxis than in male mice, suggesting that estrogens 
may promote vascular leakage. In fact, female mice showed 
higher expression of endothelial nitric oxide synthase (eNOS), 
the enzyme responsible for the production of nitric oxide 
(NO). Collectively, the data provide evidence that estradiol 
upregulates eNOS expression and subsequent NO production, 
which proved to be critical for increased vascular permeability 
and severe anaphylaxis in female mice [46]. 

Exercise

Although physical exercise is one of the best-known 
augmenting factors, its precise pathogenic mechanism remains 
poorly understood. Nevertheless, some theories have been 
proposed. Several causative foods have been identified in food-
dependent exercise-induced anaphylaxis (FDEIA), including 
shellfish, vegetables, fruits, nuts, and eggs; however, wheat 
(particularly ω-5 gliadin) is the most frequent one [47]. Thus, 
most mechanistic studies have been performed in patients with 
wheat-dependent exercise-induced anaphylaxis (WDEIA).  

One of the hypotheses in WDEIA suggests that activation 
of tissue transglutaminase (tTG) during exercise could 
create large ω-5 gliadin/tTG complexes capable of eliciting 
anaphylactic reactions in patients with WDEIA. Palosuo 
et al [48] show that the IgE-binding ability of ω-5 gliadin 
remains unaltered after pepsin/trypsin digestion, and digested 
peptides form high-molecular-weight complexes together with 
tTG. Moreover, allergen-tTG complexes make IgE-mediated 
reactions considerably more likely both in vivo and in vitro 
than allergen alone. However, no direct evidence has been 
found of tTG activation in response to exercise or the presence 
of ω-5 gliadin/tTG complexes in patients with WDEIA [48].

An increase in the intestinal allergen absorption induced 
by exercise [49] has been proposed as a mechanism for 
WDEIA [50]. Studies in animal models of food allergy have 
shown that physical exercise affects the absorption of antigen 
from the gastrointestinal tract owing to gastrointestinal mucosal 
damage [51,52]. Proteins are mostly transported across the 
intestinal epithelium via the paracellular pathway through 
the space between the epithelial cells, which is regulated by 
tight junctions. Prolonged or intense exercise increases core 
temperature, leading to epithelial cell damage. In addition, 
exercise redirects blood flow away from the splanchnic arteries 
to the working muscle, leading to an ischemia/reperfusion 
cycle that can result in oxidative damage. Both thermal and 
ischemic stress can affect the phosphorylation state of tight 
junction proteins, resulting in increased permeability and 
allergen absorption [53,54]. Matsuo et al [55] demonstrated 
that gliadin serum levels increase in accordance with allergy 
symptoms when wheat and exercise are combined in patients 
with WDEIA, suggesting that gliadin serum levels are a key 
factor in the induction of symptoms and that the increase in 
intestinal permeability accounts for the elevated gliadin levels 
found in patients with WDEIA. 

A third hypothesis suggests that exercise, owing to a 
direct effect on mast cells, would lower the threshold for IgE-
mediated mast cell degranulation in patients with WDEIA. It 
is known that physical exercise results in increased plasma 
osmolarity [56] and changes in osmolarity activate mast cells 

to release inflammatory mediators [57]. Along the same lines, 
Khamnei et al [56] showed an increase in skin response to 
compound 48/80 (a marker of skin mast cell releasability) 
after the ingestion of food allergen combined with exercise. 
However, food allergen or exercise alone did not enhance 
48/80-induced skin reaction. A previous study demonstrated 
in vitro that the combination of 2 triggers, IgE activation and 
hyperosmolar stimuli, had a synergistic effect on IgE-induced 
mast cell release [58].

Lipid-Lowering Drugs

The circulating active form of PAF-AH, also known as 
lipoprotein-associated phospholipase A2, circulates mostly as 
a complex with low-density lipoproteins (LDL) [20]. Plasma 
PAF-AH concentration correlates directly with LDL levels, 
and a decrease in LDL results in a reduction in PAF-AH levels. 
Since the catalytic activity of PAF-AH is also regulated by its 
association with LDL, lowering LDL in plasma results in an 
increase in the half-life of PAF [59]. Thus, drugs that lower 
LDL levels (statins) reduce PAF-AH plasma levels and activity 
and prolong the half-life of PAF. Most studies have been 
performed in normolipidemic individuals rather than in patients 
with hypercholesterolemia and show increased PAF-AH levels 
and activity in the latter. Perelman et al [60] evaluated the 
correlation between PAF-AH and LDL levels in individuals 
with peanut allergy and found a significant direct correlation 
between LDL levels and PAF-AH activity. The results reported 
suggest that pharmacologically lowering LDL levels in patients 
at risk for anaphylaxis may lower PAF-AH activity [19] and 
inadvertently increase the risk of severe or fatal anaphylaxis. 
However, further epidemiological studies are needed to confirm 
lipid-lowering drugs as a risk factor in anaphylaxis. 

Nonsteroidal Anti-inflammatory Drugs

NSAIDs have been reported to be present in up to 22% of 
cases of food-induced anaphylactic shock, representing a risk 
factor with an odds ratio >11 [61]. In the Mediterranean area, 
NSAIDs account for up to 58% of cases of cofactor-induced 
food-related anaphylaxis [62] and are present in up to 33% 
of cases of anaphylaxis induced by LTP [63]. The result of 
in vitro tests showed that NSAIDs exacerbate food allergy 
in patients diagnosed with FDEIA [64], despite NSAIDs 
not being originally involved in the reactions. Although the 
synergistic effect of NSAIDs and food allergy is well known, 
very few clinical studies have demonstrated it, and even fewer 
studies have investigated the underlying mechanism. Two main 
hypotheses have been proposed to explain food-dependent 
NSAID-induced anaphylaxis (FDNIA). The first suggests that 
NSAIDs increase the permeability of the intestinal barrier, thus 
causing major allergen absorption [50]. Another hypothesis 
suggests that the direct effect of NSAIDs on mast cells and 
basophils amplifies degranulation/activation [65,66], although 
the mechanisms involved remain to be elucidated. 

Inhibition of cyclooxygenase (COX), which in turn inhibits 
the production of prostaglandins, is the main anti-inflammatory 
action of NSAIDs. Unfortunately, prostaglandins play a major 
role in many physiological processes, such as gastrointestinal 
mucosal defense and repair [67]. NSAIDs leave gastrointestinal 
tissues more susceptible to the damage induced by gastric acid 
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and bile and less able to restore mucosal function. Furthermore, 
NSAIDs have the ability to induce mitochondrial injury and 
thus to damage intestinal epithelial cells and increase intestinal 
permeability [68,69]. Although samples are small in the few 
available studies, both aspirin and exercise have been shown to 
increase serum gliadin levels in patients with WDEIA [50,65]. 
The authors suggest that the facilitation of gliadin absorption 
from the gastrointestinal tract damaged by aspirin could cause 
the increased serum gliadin levels observed in WDEIA. A 
similar increase in serum gliadin levels was also observed in 
healthy individuals, although the dose of aspirin in the controls 
was double that taken by WDEIA patients. Specific sensitization 
affects the increase in gastrointestinal allergen uptake across 
the intestinal epithelium in several models of allergy and would 
account for the differences observed between groups [52].

Bartra et al [70] suggested that the enhancing effect of 
NSAIDs could be mediated by the COX pathway. This theory 
would be supported by the enhanced activation observed when 
basophils from patients with FDNIA are incubated with allergen 
and aspirin compared with activation using allergen alone. 
Several authors [71-73] showed that the enhancement of the 
IgE response was an NSAID class effect and thus related to 
their capability to inhibit COX enzymes. Furthermore, previous 
studies have demonstrated a correlation between both the dose 
of aspirin and the degree of COX inhibition [55,71,74] and 
the enhancement of the allergic reaction [71]. Conversely, 
as occurs in aspirin-induced asthma, nimesulide [75] and 
etodolac [65,76] (selective COX-2 inhibitors) did not increase 
allergic reactions. Finally, prostaglandin E1, a known product 
of the COX pathway [77], has shown a protective effect in 
FDNIA [78]. Prostaglandin E2 (PGE2), another product of COX 
metabolism, has been reported to enhance antigen-dependent 
degranulation in cultures of peripheral blood–derived human 
mast cells through 2 of its receptors, EP1 and EP3 [79]. In 
contrast, PGE2 inhibits IgE-mediated production of histamine, 
PGD2, LTC4, and TNF-α via the EP2 receptor [80]. Thus, the 
relative balance between the expressions of these receptors 
may determine the activation or inhibition of mast cells via EP 
receptors. However, little is known about relative expression 
of EP on the mast cells of individuals with food anaphylaxis. 

Adenosine metabolism has been involved in several diseases 
exacerbated by NSAIDs. Adenosine can produce contrasting 
responses in mast cell activation; it is reported to potentiate 
production of IL-4 and IL-8 in the human mast cell line HMC-1 
and to enhance FcεRI-mediated degranulation in both mouse 
and human lung mast cells. In contrast, adenosine has also 
been reported to inhibit IgE-mediated degranulation of human 
mast cells [81,82]. Such diverse responses are attributable to 
the multiple receptors (purinergic receptors) expressed on mast 
cells (A2AR, A2BR, A3R), as occurs with PGE2 receptors 
(EP). A high transcript variant of the A3R gene (ADORA3) 
has been described in NSAID-dependent urticaria [83], and 
genetic polymorphisms of adenosine receptors A1 (ADORA1) 
and A2A (ADORA2A) were associated with aspirin-induced 
asthma [84]. Although these diseases are independent of IgE 
and the clinical manifestations are different, they all involve 
NSAIDs and alteration of adenosine metabolism. A recent 
study evaluating the transcriptome of patients with NSAID-
dependent food anaphylaxis revealed overexpression of genes 
involved in adenosine metabolism, particularly ADORA3 [10].  

A3R activation has antagonistic effects depending on 
the cell type. Several mouse models have demonstrated its 
anti-inflammatory effect, which results from the inhibition 
of cytokines such as IFN-γ [85]. However, A3R activation 
also potentiates FcεRI-induced degranulation in human mast 
cells and thus contributes to allergic inflammation [86-88]. 
A link between NSAIDs, adenosine receptors, and allergic 
inflammation was suggested by the finding that NSAIDs 
inhibit oxidative phosphorylation and promote hydrolysis of 
ATP with the release of adenosine [89,90]. Furthermore, a 
link between adenosine and COX metabolism has also been 
established. Adenosine has been reported to inhibit mast cell 
degranulation via the A2A receptor [91], and although the 
exact inhibitory mechanism is not known, A2A activation 
was shown to increase COX-2 expression and thus PGE2 
production. On the other hand, COX-2 inhibition potentiates 
A3R activation [92]. Oversimplifying, in patients with FDNIA, 
adenosine released by the effect of NSAIDs would activate 
2 receptors with opposing effects, namely, A2AR and A3R. 
Whereas A2AR activation would increase PGE2 production 
and inhibit mast cell activation, A3R would potentiate the IgE-
mediated response. However, owing to the inhibitory effect 
of COX-2 mediated by NSAIDs, the protective production of 
PGE2 would also be reduced, thus favoring mast cell activation 
via A3R (overexpressed [10]). 

Clearly, the mechanisms underlying FDNIA are quite 
complex, and several pathways are intertwined. Thus, further 
studies are needed to explore the various alternatives beyond 
and complementary to the IgE mechanism. 

Angiotensin-Converting Enzyme Inhibitors and 
β-Blockers

ACE inhibitors and β-blockers have been reported to be 
augmenting factors in anaphylaxis [93-95]. Moneret-Vautrin 
and Latarche [94] reported an odds ratio of 6.8 for β-blockers 
and 13 for ACE inhibitors. Conversely, other studies found that 
these drugs were not associated with an increased risk of reaction 
[21,96]. Indeed, a recent epidemiological study in a German-
speaking population did not find a significant increase in odds 
ratios for patients who used ACE inhibitors and β-blockers 
separately [97]. However, their combined use increased risk in 
patients with severe anaphylaxis (grade III/IV). Interestingly, 
mast cells were recently identified as direct targets of ACE 
inhibitors and β-blockers [97], thus supporting the augmenting 
effect of these drugs in anaphylaxis. In their mouse model, the 
authors found that single treatment slightly enhanced mast cell 
degranulation triggered by the IgE receptor and that no effect 
was observed when the drugs were used without IgE activation. 
Moreover, in the aforementioned epidemiological study [97], 
the combination of ACE inhibitors and β-blockers significantly 
augmented mast cell releasability through FcεRI. Despite this 
new evidence, caution is advised when extrapolating the results 
to human anaphylaxis. Further epidemiological and in vitro 
studies in humans are needed to confirm whether β-blockers 
and ACE inhibitors worsen anaphylaxis. 

Alcohol

Alcohol is always listed as a cofactor in anaphylaxis, 
although data on its involvement in anaphylaxis or in the 
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underlying pathogenic mechanisms are limited. Alcohol 
consumption is present in up to 15.2% of cases of anaphylaxis 
in some series [98], regardless of severity [97]. The pathogenic 
mechanism is not well known, but an increase in intestinal 
allergen absorption has been postulated. Alcohol induces 
a change in the expression of the tight junction–associated 
proteins ZO-1 and claudin-1, thus increasing the permeability 
of the intestinal epithelial barrier [99]. 

Alcohol increases extracellular adenosine by inhibiting 
adenosine uptake [100]. Interestingly, after prolonged exposure 
to ethanol, cells become tolerant to the acute effects of ethanol 
on adenosine transport, and adenosine uptake is no longer 
inhibited [100]. As suggested in NSAIDs, an adenosine-
related mechanism could be involved in alcohol-enhanced 
anaphylaxis. Indeed, an acute increase in extracellular 
adenosine levels would account for the potentiation induced 
by acute intake of alcohol, which is not observed in chronic 
alcohol consumption. Indeed, an adenosine-mediated effect 
could also partly justify (together with the increase in intestinal 
permeability) the potentiation effect of alcohol observed in 
patients with FDEIA in the absence of exercise, even though 
alcohol was not implicated in the original reaction [50,65,101].

Another hypothetical mechanism in alcohol-enhanced 
anaphylaxis could be the ability of alcohol to increase the 
serum IgE concentration [102]. In a mouse model, acute 
alcohol intake was associated with an increase in serum 
IgE and a decrease in serum IgG levels [102]. Chronic 
consumption has also been related to other immunological 
abnormalities, namely, a shift toward TH2 and an impairment 
of the immune response (IgG) to systemic vaccines [103]. 
Heavy drinkers frequently show serum specific IgE to cross-
reactive carbohydrate determinants from wine, although this 
sensitization is asymptomatic. Furthermore, serum tryptase 
level, which is negatively associated with acute consumption, 
is lower in heavy drinkers than in healthy individuals. In 
conclusion, alcohol intake has contradictory effects: while it 
seems to predispose to allergic reactions, it is also associated 
with lower mast cell–related mediator production.  

Conclusion

The mechanisms underlying anaphylaxis are complex and 
involve several interrelated pathways. Further studies exploring 
mechanisms beyond classic IgE activation are needed. 
Some pathways may play a key role in the development of 
anaphylaxis, while others may only modulate the severity of the 
reaction. An understanding of the predisposing and augmenting 
factors could facilitate the development of new prophylactic 
and therapeutic approaches. Ideally, these strategies should be 
patient-oriented, based on the characteristics of the eliciting 
allergen and the particularities of the reactions, and should 
target the specific pathways involved.
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