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The diagnosis of anaphylaxis in a pre- or post-mortal phase involves the formulation of problems not yet
solved by the international scientific literature, due to the complexity of pathogenic factors and patho-
physiological processes that characterizes it. For forensic autopsies, further problems of differential diag-
nosis arise and often leave the forensic pathologist unable to express an opinion of certainty, as a result of
lack of case history, circumstantial and autoptical-histopathological data. Nevertheless, in routine cases
the postmortem diagnosis of anaphylactic death continues to be based on exclusion and circumstantial

e
Death The author, after an extensive review of the literature relating to deaths from anaphylaxis of forensic
Forensics pathological interest, and a discussion of the microscopical and biochemical findings, proposes a diagnos-
Diagnosis tic protocol for forensic purposes and evaluates the diagnostic perspectives enabled by the newly avail-
Evidence able analytic techniques and markers.
Methodology Maybe, the application of omics methodologies could help in the future for anaphylaxis diagnosis.
© 2016 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

more subdued symptoms like nausea, vomiting, giant hives,
asthma and wheezing.

Anaphylaxis is a type I hypersensitivity reaction which clinical
symptoms can be mild to severe. It can cause death within few
minutes due to cardiovascular collapse (anaphylactic shock), with
symptoms like paleness, loss of consciousness, shallow breathing
and frequent insensitivity to external stimuli, imperceptible pulse
and severe hypotension, as well as angioedema, airway obstruction
due to laryngeal oedema. In other occasions, it is presented with
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It follows contacts with the allergen through the respiratory
tract (inhalation) and digestive tract (ingestion), through skin con-
tact or blood. To the latter belongs the iatrogenic anaphylaxis,
already reported by several authors in literature [1-9]. Anaphylac-
tic deaths related to hepatic hydatid cyst have recently been pub-
lished [10-12]. Very uncommon cases concern anaphylactic death
secondary to an accidental sting by crown-of-thorn starfish [13],
and a bee sting during paragliding activity [14]. Known allergies
can be used for suicidal purposes [15].
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The diagnosis of anaphylaxis in a pre- or post-mortal phase
involves the formulation of problems not yet solved by the interna-
tional scientific literature, due to the complexity of pathogenic fac-
tors and pathophysiological processes that characterizes it. For
forensic autopsies, further problems of differential diagnosis arise
and often leave the forensic pathologist unable to express an opin-
ion of certainty, as a result of lack of case history, circumstantial
and autoptical-histopathological data [16]. Nevertheless, in routine
cases the postmortem diagnosis of anaphylactic death continues to
be based on exclusion and circumstantial evidence, and the knowl-
edge of the patient’s history and circumstances of death remains of
major importance for the forensic pathologist when investigating
suspected anaphylactic deaths [17].

Experimental research lines so far covered with histological and
chromatographic-electrophoretic analytical techniques, coupled
with multiple detection systems, on tissues and body fluids, have
underlined the importance of the functional and pathophysiologi-
cal role of mast cells, eosinophils, IgE, tryptase, in particular B-
tryptase, chymase, eosinophilic cationic protein, histamine, etc...
Their specific, individual or synergistic, role has not been, however,
useful for formulating a diagnosis of certainty and/or high likeli-
hood of anaphylaxis, which is relevant in the causation of the
pre-mortal syndrome and the death [3,18-20].

2. Microscopical findings

The symptoms of anaphylaxis are mainly due to the combined
action of vasodilatation, increased permeability of capillaries and
smooth muscle contraction caused by the activation of effector
cells: mast cells and blood basophils, which are activated through
IgE-mediated or IgE-independent pathways (C5a complement, IL-3
cytokines and nerve growth factor) [21].

Consequently, histopathological examination will concern
laryngeal oedema, bronchial constriction and acute pulmonary
emphysema (Fig. 1a), tracheobronchial secretions, which com-
bined with the exfoliation of the bronchial epithelium, determine

the formation of mucus plugs (Fig. 1c), congestion and intra-
alveolar haemorrhages, congestion and oedema of major organs,
etc. ..

Nevertheless, these findings are not exhaustive and specific for
the diagnosis of fatal anaphylaxis, and a differential diagnosis with
asthma can be necessary (Fig. 1b and 1d).

So far, studies have mainly focussed on mast cells, the most
important effector cells of anaphylaxis. The evaluation of basophils
- other key cells implicated in anaphylaxis-bounces technical
problems, and their low blood levels resulted in their role being
consistently underestimated [22].

As known, mast cells are found in connective tissue, especially
skin and perivascular, and in the bronchial, respiratory and intesti-
nal mucosa. Commonly, immunohistochemistry (IHC) is used for
detecting the presence of mast cells in tissues by anti-tryptase
and anti-chymase antibodies. Sandwich IHC techniques allow to
identify both simultaneously. While IHC with anti-tryptase anti-
bodies is largely used, chymase has been poorly studied in the
post-mortem tissues probably because of technical problems
related to the paraffin-embedded tissue processing [8,23,24].

Nevertheless, it is important to bear in mind that the diagnosis
of an anaphylaxis case only based on the anti-tryptase+ mast cells
number is not reliable. Mast cells live in many tissues and play a
role in tissue remodelling, angiogenesis, fibrosis and tumor growth,
aside from anaphylaxis and allergic inflammation. Recently, the
number of mast cells has been proved increased in lungs perivasal
areas following asphyxia [25]. Their number is individual-
dependent. For this reason, only the tryptase degranulation detec-
tion, through IHC with anti-tryptase antibody, if very abundant,
can be related to anaphylactic processes (Fig. 2) [26].

It could be useful to compare the number of mast cells and their
degranulation rate by performing IHC with specific markers for
mast cells, in addition to anti-tryptase antibody. anti-stem cell fac-
tor (SCF) antibody is specific for the activated form of the most
important mast cell growth factor and differentiation marker (stem
cell factor, or KIT-ligand). Using IHC with anti-SCF antibody allows

Fig. 1. Bronchial constriction and acute emphysema in a case of anaphylaxis (1a) and in asthma (1b). Note the hypertrophy of the smooth muscle layer and the intense
contraction of the ciliated cuboidal epithelium in asthma (1b) compared to a looser one in anaphylaxis. Tracheobronchial secretions and exfoliation of the bronchial
epithelium (arrowheads) results in a plug of mucus in a case of anaphylaxis (1c). The inspissated mucus, in which no cells are found inside the plug, is typical of the chronicity

of asthma (1d) (H.E., 10x).
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Fig. 2. Lung mastcell’s tryptase degranulation (arrowheads) in a case of anaphy-
laxis. The arrow indicates a non-degranulated mastcell (IHC with anti-tryptase
antibody, 10x).

identifying mature forms of mast cells in tissues. Experimental
data suggest that the local release of SCF following an allergic stim-
ulus may activate mast cells for IgE-mediated release of inflamma-
tory mediators, especially LTB4, that would drive the recruitment
of eosinophils [27]. Anti-CD117 antibody is specific for the acti-
vated form of cKIT, gene that codifies the transmembrane receptor
(KIT) of SCF. IHC with anti-CD117 antibody identifies the mast cells
present in the tissue.

Systematic studies on the number of mast cells resident in
healthy tissues, compared to those present in anaphylactic death
cases, along with the rate of degranulation in both tissues, are
required to give IHC with anti-tryptase antibody value of anaphy-
laxis evidence.

An attempt has been recently performed using the abovemen-
tioned approach: a study in two forensic cases, using anti-CD117
and anti-tryptase antibodies combined with GIEMSA histochemical
staining, documented a large number of mast cells in tissues, par-
ticularly in the laryngeal wall. The discrepancy between cells pos-
itive for GIEMSA and tryptase and those positive for CD117 allowed
making diagnosis of anaphylactic death and of systemic inflamma-
tory response syndrome-related cardiac arrest [28].

Nevertheless, Edston [29] recently found out that the number of
pulmonary mast cells and eosinophils was similar in anaphylactic
deaths compared to controls. This result might confirm that only
degranulation gives evidence of anaphylaxis. Furthermore, Edston
showed that, in cases of anaphylactic death and in controls, where
high serum concentrations of mast cell tryptase (MCT) occurred, an
increase in eosinophils and mast cells was detected in the spleen,
but not in the lung by comparing the accumulation of eosinophils,
mast cells and basophils in such organs. Therefore, he assumed
that by quantifying eosinophils and mast cells in the spleen in
combination with tryptase measurements in serum it is possible
to diagnose anaphylaxis with a high degree of certainty.

The role of the spleen in anaphylaxis was also studied by Trani
et al. [30] who found a splenic eosinophilia as the main feature for
the differential diagnosis in 4 cases of antibiotic-induced anaphy-
laxis. Authors recommend the use of the pagoda red stain to show
the concomitant massive presence of mast cells and degranulated
mast cells, the latter mainly located in splenic sinuses, proving
tryptase to be released in the blood flow.

3. Biochemical findings

Analytical techniques in biological fluids can overcome the lim-
itations of IHC by evaluating the concentrations of blood and/or

urinary mediators secreted by mast cells or basophils, which are
in turn affected by the timing of secretion and the timing of disap-
pearance from blood circulation of the mediator, and the concen-
trations achieved in each case. Recently, bone marrow was
investigated as an alternative matrix in postmortem toxicology
because of its good resistance to autolysis and contaminations.
Few autolytic changes were found and notable cell changes were
also detected in anaphylactic reactions [31].

o-tryptase is constitutively secreted by mast cells in its pro-
enzyme form, o-protryptase, and its blood concentration indicates
the number of circulating mast cells. B-tryptase is secreted only
after anaphylactic stimuli and shows a slow release because it is
stored and linked to the proteoglycane-protease complex. It is
therefore identifiable in the blood after 30’, with a peak at 1-2 h.
B-tryptase basal serum level is 1 ng/ml, whereas total tryptase
level (a-protryptase and B-protryptase) is 1-15 ng/ml. Mast cell
activation in living people is given by blood concentrations of -
tryptase > 13.5 ng/ml (b.v. 0 ng/ml) and proportional increase in
total tryptase. B-tryptase values are not influenced by high levels
of total tryptase, as in mastocytosis, since it needs an activating
stimulus to the mast cells for the release of the mediator to be
induced [18,32-34].

The ideal sample for the study of blood tryptase in living people
consists of a blood draw performed about 1-2 h after the allergic
reaction, when it achieves its maximum expression. Nevertheless,
several studies attest its utility even when performed 3-6 days
after death, but a substantial decline, probably due to degradation
of the degranulated MCT, is seen with the increase of post mortem
interval (PMI). Therefore it is suggested to collect a blood sample as
soon as possible in cases of suspected anaphylactic death [35].

Moderately elevated MCT levels are common in postmortem
sera, and the collection site is important for results evaluation. A
significant correlation exists between blood tryptase and the
degree of sample haemolysis.

When evaluating post-mortem blood tryptase, it should also be
taken into account that pB-tryptase blood concentration is very high
in anaphylaxis due to contrast medium [36], and less in food ana-
phylaxis [37]. Intermediate values are obtained in cases of insect
bites [22], but also in cases not clearly related to allergen contact,
such as heroin-related deaths [38-40], or several cases of SIDS
[19,20,41], or post-traumatic deaths and in cases of heart diseases
[36,42]. This implies obvious difficulties of differential diagnosis,
which greatly diminish the probative value of blood tryptase [43].

Despite all the precautions that must be taken in evaluating the
tryptase in post mortem blood, these are its strenghts: tryptase is
stable, the sample does not require freezer storage and can be col-
lected into most common blood collection tubes. High concentra-
tions of hemoglobin, due to haemolysation of post mortem
samples, do not seem to influence tryptase analysis in itself, but
could indicate the rate of cell lysis that may in itself increase a
tryptase release [44]. Postmortem samples should be taken from
femoral blood vessels in order to avoid the increase of tryptase
released by mast cells during a prolonged cardiac massage or
defibrillation. Other sites of sampling show higher level of tryptase
and a cut-off of 110 pg in aortic blood samples seems to be accept-
able as diagnosis of anaphylaxis-related death because, although
few cases could be missed, a sensitivity of 80% and specificity of
92.1% has been published [43]. However, it is important to report
the blood collection site, the possible reasons for the higher tryp-
tase concentration, e.g. sample degradation, release secondary to
the resuscitation process (particularly cardiac defibrillation), or a
nonimmune mechanism. Of course, the interpretation of these
results must be considered together with all other information
available [44].

Histamine is another important mediator secreted by mast cells
and can cause vasodilatation, bronchial and laryngeal spasm or
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hives within 5 min. It is secreted by many cell types, therefore, is
not very specific of mast cells. High levels of histamine are found
in basophils, and its increase in serum may also be a sign of baso-
phils activation, or post-mortem release from basophil [18,33]. It
can be studied by microfluorimetry, HPLC, spectrophotometry,
spectrofluorimetry and with fluorimetric, radioenzymatic and
immunologic assays, however, it is of little use in anaphylaxis diag-
nosis because of its 2 min half-life and the blood concentration
peak occurs at 5 min, afterwards it returns to baseline values
within 5-30 min and its metabolite 1-methyl,4-imidazole Acetic
Acid does not have enough time to appear in the urine.

The eosinophilic cationic protein shows lack of specificity
because it is secreted by eosinophils and therefore presents high
blood levels even in asthma deaths and heroin-related deaths,
while the IgE, which, although stable in biological fluids in post-
mortem and in putrefied corpses, are not however specific to ana-
phylaxis [24]. Of course, when evaluating specific IgE with high
tryptase blood levels, and degranulation of mast cells in tissues,
anaphylaxis-related death can be diagnosed with a good accuracy.

Refinements of analytical techniques allowed the identification
and the study of the biological fluids concentrations of other medi-
ators synthesized by effector cells - mast cells and basophils- after
an allergen stimulus.

Mast cells, in fact, besides preformed mediators such as his-
tamine, serotonin, proteoglycans (heparin, chondroitin sulfate),
proteases (tryptase, chymase, carboxypeptidase), also release
newly synthesized mediators like cytokines (particularly TNF-a,
IL-4, IL-5, IL-6), leukotrienes (LTE4 is the most specific for mast
cells), prostaglandins (PGs) (9a, 11B-PFG2 is specific of mast cells)
and platelet-activating factor (PAF) [22,41,45]: these substances
are newly produced in response to the antigen contact.

Cytokines can be studied with ELISA Multiplex, IHC, RT-PCR and
In Situ Hybridization (ISH) and PAF can be studied with LC-MS. The
remodelling of the plasmatic membrane leads to the production of
prostaglandins and leukotrienes that can be studied with HPLC
[22,41,45,46].

Proteomic approaches may create a platform not only for iden-
tification and characterization, but also for quantitation of allergy-
related proteins [47]. The new mass spectrometry (Energie) [MS
(E)] approach is suitable for quantitative analysis and allergens
profiling in food matrices [47]. In MS(E) the energy of the gas-
filled travelling-wave collision cell is dynamically switched
between a low-energy and an elevated-energy status, producing
composite mass spectra of all intact molecular ions, followed by
chimeric mass spectra of all precursors.

Recently, thanks to comprehensive metabolomics, new insights
in the monitoring of the metabolic status of anaphylaxis help in
understanding its pathophysiological processes and give new
approaches to diagnosis. Potential biomarkers of anaphylaxis are
searched with gas-chromatography mass-spectrometry (GC-MS)
in serum and the metabolic profiling of anaphylaxis is achieved.
Hu et al. [48] measured the IgE level in the serum with ELISA kits
and then detected the major metabolic changes in serum by GC-
MS. By doing so, metabolomic features are identified as metabo-
lites related to energy metabolism and signal transduction in ana-
phylaxis. In another study, the alarmin uric acid was identified as a
critical signal for the induction of peanut allergy, using GC-MS
technique [49].

Plasma proteins in food allergy as biomarkers for use in evalu-
ating the allergenicity of novel foods were studied. Specific IgE and
specific IgG studied by ELISA, were further investigated through
differential protein expression assessed in plasma and in organ tis-
sue by two-dimensional difference gel electrophoresis (2D-DIGE).
Differentially expressed proteins were identified by liquid chro-
matography coupled with tandem mass spectrometry. This

methodology proves to be reliable, although further validation of
the proteins is needed [50].

Gel-free and label-free methods, peak integration and spectral
counting, using a linear trap mass spectrometer showed to be lin-
ear and reproducible with protein standards from 5 to 200 ng, and
was applied towards the analysis of transgenic peanut lines target-
ing the reduction of a prominent allergen [51].

All these methods should be applied to forensic cases in order to
evaluate their utility in anaphylaxis-related deaths. Studies in this
direction are analyzing the new synthesized mediators of mast
cells in plasma and urine in both living and dead patients.

Urinary LTE4,9alpha,11beta-PGF2, eosinophil-derived neuro-
toxin (EDN) and leukotriene B4 glucuronide (LTBG) concentrations
were determined by enzyme immunoassay [45]. A significant
increase was seen in urinary LTE4 and 9alpha, 11beta-PGF2 con-
centrations during anaphylaxis respect to asthmatic patients on
acute exacerbation and healthy control subjects, while no signifi-
cant differences were found in concentrations of EDN and LTBG.
Urinary LTE4 correlated significantly with 9alpha, 11beta-PGF2
concentrations in the anaphylactic patients, and LTE4 concentra-
tion was significantly elevated in anaphylactic shock following
anaphylaxis compared with that in patients without anaphylactic
shock [45]. These results confirm the specificity of LTE(4) and 9al-
pha, 11beta-PGF2 as mediators specific for mast cells’ activation.

Aspirin-intolerant asthma patients show significantly higher
LTE(4) and lower PGE(2) concentrations in urine than the
aspirin-tolerant asthma group. During the reaction, the urinary
concentrations of LTE(4) and PGD(2) metabolites correlatively
increased, but with differently marked patterns of the mediator
release: the urinary PGD(2) metabolites and primary PGs were sig-
nificantly decreased in the aspirin-tolerant asthma group. Urinary
enantiomers-PGF(2)alpha concentrations were significantly
increased in the anaphylaxis group but not in the aspirin-
intolerant asthma group [52].

90,11B-PGF2 is actively generated during the early allergic
response to Bee Venom provoked in allergic patients, as assessed
through gas chromatography-mass spectrometry negative ion
chemical ionization on fluids taken from skin chamber [53].

Table 1 proposes a timetable of cell mediators in blood after
mast cell activation.

Basophils are potent leukocytes in allergy and asthma. They
contain high concentrations of histamine, which result in massive
bronchial spasm and vasodilatation within 5 min in the anaphy-
laxis basophil-mediated. Basophil-mediated anaphylaxis results
in rapid death due to the synergy between histamine, immediately
released, followed by the action of leukotrienes-stimulated COX
and 5-LO.

In allergen IgE-mediated activation the maximum activation of
the basophils can be expected within 10-15 min. Expressions of
CD203c or activations by non-IgE mechanisms (e.g. C5a, fMLP)
are faster and require only few minutes to reach their peak [54].

In a case report on anaphylactic intraoperative death due to
Thymoglobulin carbohydrate excipient, recruitment of both mas-
tocytes and basophils, activated and degranulated, were found.
Authors underline the important role played by basophils in this
type of anaphylaxis, and suggest the basophil activation test
(BAT) for preventing it [9].

The flow cytometric BAT is useful for in vitro allergologic diag-
nosis. It analyzes the expression of basophil markers and provides
important advantages in patients with anaphylaxis to beta-
lactams, non-steroidal anti-inflammatory drugs, neuromuscular
blocking agents and drugs where there is no technique available
to measure specific IgE [55]. Blood samplings require many precau-
tions, and more studies in post mortem samples of blood are
needed.



R. Cecchi/Legal Medicine 22 (2016) 75-81 79

Table 1

Timetable of mast cells mediators in blood after mast cell activation. Studies in post mortem blood samples are needed for confirmation.

-> tryptase: identifiable in the blood after 30/, with a peak at 1-2 h (normal values in rapid deaths)

-> 9a, 11B-PFG2: mast cell prostaglandin metabolite (max C: 3 h)
-> LTE4: leukotriene specific mast cell (max C: 3-6 h)

-> [L-4: at 2 h, unidentifiable at 30 min

-> specific IgE (if the reaction is supported by IgE)

-> LTE4 and 9a, v 118-PFG2 in serum and/or urine (index of certain mast cell activation, lower in asthma)
-> of LTE4 correlates the severity of bronchial spasm (1000 times stronger than histamine), the increased secretion of mucus and the increased vascular permeability

Table 2

Timetable of basophils mediators in blood after basophil activation. Studies in post mortem blood samples are needed for confirmation.

- basal values of serum tryptase levels

- LTC4: increased at 30 s and significantly increased after 5 min
- IL-4: increased at 2 h, undetectable at 30 min

- specific IgE (if the reaction is supported by IgE)

- increased leukotrienes and prostaglandins serum and urine metabolites (certain index of basophil activation)

Markers of new synthesis are leukotrienes (particularly LTC4),
prostaglandins, cytokines, especially IL-4, and PAF [22,41,45].

Table 2 proposes a timetable of basophils mediators in blood
after basophil activation.

PAF is an important mediator in the lethality of systemic ana-
phylaxis. The intravenous injection of PAF increases the myeloper-
oxidase activity of neutrophils in lungs, and provokes death in
mice. The administration of PAF acetylhydrolase reduces mortality
in a dose-dependent manner [56]. Thus, failure of PAF acetylhydro-
lase to inactivate PAF may contribute to the severity of
anaphylaxis.

Studies in patients and in fatal cases demonstrate that mean
serum PAF levels are significantly higher in patients with anaphy-
laxis induced by peanuts (805 + 595 pg per ml) than in patients in
control groups (127 £ 104 pg per ml) and are correlated with the
severity of anaphylaxis. Low levels of PAF acetylhydrolase values
correlate with the severity of anaphylaxis and with fatal cases [57].

Currently, the role of the PAF/NO system is recognized as crucial
in some forms of anaphylaxis. In particular, studies indicate that
PAF is able to activate endothelial nitric oxide synthase (eNOS)
which in turn stimulates NO within only 10-15 min, subsequently
leading to a massive vasodilatation and highly increased vascular
permeability with death in 30 min [58]. High levels of mRNA for
induced NO synthase (iNOS) are found only after few hours, and
lead to the endothelial damage and interstitial lung oedema
observed in cases with longer survival [59,60].

Certainly, the knowledge of these markers’behaviour will pro-
vide new and important information that will help in the diagnosis
of anaphylaxis. To achieve this goal, it is essential to consider the
information given by other branches of medicine, which focus on
the study of those mechanisms that induce anaphylaxis and the
role played by secreted mediators, also favoured by the progress
of analytical and molecular biological techniques. These preva-
lently concern experimental studies, mainly on animals, which
focus on leukotrienes, prostaglandins, PAF, IL-1o and TNF-o. Foren-
sic medicine, therefore, has the opportunity to contribute with
human case studies.

4. Omics methodologies in anaphylaxis diagnosis

The development of the so called analytical morphology can
pave the way for a meeting point in which different skills come
together and each can contribute. The IHC supported by ISH,
in situ PCR, antigen retrieval, image analysis, confocal microscopy,
etc... will enable forensic histopathology to maintain its role as a
major advance in spite of the contributions of genetic and analytic
techniques.

Laser Scanning Confocal Microscopy, in particular, could play a
central role in contributing to the study e.g. of the sodium channel,
which changes, triggered by NO, cause the increase in permeability
in anaphylaxis. There are already studies which document the pre-
disposition to anaphylaxis derived from alterations in sodium
channels [42]. It also allows the observation of T lymphocytes
behaviour, that play a well known key role in anaphylaxis, or to
localize in tissues proteins involved in anaphylaxis.

Besides, with the advent of nanotechnology, an exciting area of
research is offered to the problems related to the diagnosis of
anaphylaxis.

Forensic genetics can make an important contribution, thanks
to the innovations provided by the development of Real-Time
PCR System techniques, in the study of mRNA, that shows the
degree of cell activation after an allergen stimulus, by investigating
the production of proteins that play a role in anaphylaxis. A study
using the LightCycler Real-Time PCR System points out an increase
in mRNA for the mIL-9 in the intestine of rats with anaphylaxis by
oral allergens, as well as an increase of mast cells and the mast cell
associated gene mMCP1, in the jejunum. These data have also been
confirmed histologically by the increase of CAE positive mast cells
in intestinal mucosa [46].

Studies on anaphylaxis using in situ PCR and RT-PCR tech-
niques, by amplification of RNA, exploit the opportunity to demon-
strate molecules that are expressed at low levels (e.g. growth
factors, receptors, and developmental signals) [61]. Such studies
open a wide field of possibilities to photograph the anaphylactic
grade arisen at the moment of death, gaining with this approach
an important proof at Court. Microarray on material obtained from
tissues or cells make the analysis of gene expression profiles possi-
ble and hence to identify the degree of allergic reaction. In fact, the
detection of RNA, which may or may not, be just translated into
protein, reflects the “intentions” of the cell at the time of the death,
or in other words what protein the cell was about to synthesize
and what quantities.

Various immunoassays for the detection of specific IgE in
serum, such as ELISA, the Radio Allergo Sorbent Test, and high-
capacity solid-phase tests, e.g., the CAP system, are currently used
in the diagnosis of allergies. The development of high-density
ordered arrays of molecules (microarrays) in anaphylaxis studies
could allow simultaneous and multi-parametric analysis of serum
reactivity against a variety of antigens, opening the field to a more
complex interpretation of pathological phenomena and molecular
mechanisms by giving information about DNA, RNA, SNP, oligonu-
cleotides, proteins and peptides. Although there are still problems
of data analysis, it will be certainly very useful in the diagnosis of
anaphylaxis. IgE specific proteomic Immuno-CAP dosage, in which
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protein microarrays in combination with fluorochrome-labelled
secondary antibodies are then excited by a laser and quantified
with a software, have been used to reveal the presence in serum
of specific IgE [62,63].

The Affymetrix integrated GeneChip array consists of a high-
density oligonucleotide array synthesized directly onto glass slides
by photochemical methods. The synthetic DNA oligonucleotides
sequences are able to identify qualitatively and quantitatively the
RNA, which is visualized with confocal scanning microscopy [64].

Combining proteomic and genomic technologies, such as MALDI
(matrix-assisted laser-desorption ionization) mass spectrometry
and Reverse transcription and in vitro transcription labelling of
the resulting cDNA, reveals simultaneously both the protein pro-
duction already planned but not implemented, and that one
already in place [65,66].

The MALDI-TOF (Mass Spectrometer Protein identification by
peptide mass fingerprinting), the ESI-IT (Protein and Peptide Iden-
tification and Characterisation) and NanoHPLC-MS/MS (Nano Lig-
uid Chromatography, Mass Spectrometry Coupling) are certainly
techniques of great interest in proteomics. Finally, the possibility
of identifying metabolites of anaphylaxis mediators with metabo-
lomics techniques such as GC-MS (Gas Chromatrography/Mass
Spectrometry system), la GC-C-IRMS (Gas Chromatography/Com
bustion/Isotopic Ratio Mass Spectrometry system), la LC-QqQ (Lig-
uid Chromatography/Triple Quadrupole mass spectrometry sys-
tem), il Metabolic Profiler (LC/RMN/ToF), il LTQ Orbitrap et FT-
ICR MS e la LC-QToF: Liquid Chromatography/Quadrupole Time
of Flight mass spectrometry system will open new diagnostic per-
spectives, leading to the identification of the infinitely small that
still eludes the traditional and modern techniques.

References

[1] G.W. Volchek, ].T. Li, Elevated serum tryptase level in a case of intraoperative
anaphylaxis caused by latex allergy, Arch. Intern. Med. 154 (1994) 2243-2245.

[2] V. Fineschi, G. Monasterolo, R. Rosi, E. Turillazzi, Fatal anaphylactic shock
during a fluorescein angiography, Forensic Sci. Int. 100 (1999) 137-142.

[3] T. Dybendal, A.B. Guttormsen, S. Elsayed, B. Askeland, T. Harboe, E. Florvaag,
Screening for mast cell tryptase and serum IgE antibodies in 8 patients with
anaphylactic shock during general anaesthesia, Acta Anaesthesiol. Scand. 47
(2003) 211-218.

[4] M. Hitosugi, K. Omura, T. Yokoyama, H. Kawato, Y. Motozawa, T. Nagai, S.
Tokudome, An autopsy case of fatal anaphylactic shock following fluorescein
angiography. A case report, Med. Sci. Law. 44 (2004) 264-265.

[5] E. Kanda, Y. Kida, H. Suzuki, M. Ando, H. Nihei, S. Sasaki, H. Saito, Role of
cytokines in anaphylactoid reaction with marked eosinophilia in a
hemodialysis patient, Clin. Exp. Nephrol. 8 (2004) 384-397.

[6] M. Li, B.A. Goldberger, C. Hopkins, Fatal case of BOTOX-related anaphylaxis?, ]
Forensic Sci. 50 (2005) 169-172.

[7] A. Gikas, G. Lazaros, K. Kontou-Fili, Acute ST-segment elevation myocardial

infarction after amoxycillin-induced anaphylactic shock in a young adult with

normal coronary artheries: a case report, BMC Cardiovasc. Disord. 5 (2005),

http://dx.doi.org/10.1186/1471-2261-5-6.

M. Osawa, F. Satoh, H. Horiuchi, W. Tian, N. Kugota, I. Hasegawa, Postmortem

diagnosis of fatal anaphylaxis during intravenous administration of

therapeutic and diagnostic agents: evaluation of clinical laboratory

parameters and immunohistochemistry in three cases, Leg. Med. 10 (2008)

143-147.

[9] L. Roncati, G. Barbolini, A.T. Scacchetti, S. Busani, A. Maiorana, Unexpected
death: anaphylactic intraoperative death due to Thymoglobulin carbohydrate
excipient, Forensic Sci. Int. 228 (2013) e28-e32.

[10] M. Hosseini, A. Hedjazi, R. Bahrami, Sudden death due to anaphylactic shock in
a patient with an intact hepatic hydatid cyst, Am. ]. Forensic Med. Pathol. 35
(2014) 256-257.

[11] M. Jedidi, M.S. Mlayeh, T. Masmoudi, M.K. Souguir, M. Zemni, Sudden death
due to hydatid cyst: thirty-four medicolegal autopsy cases, Am. J. Forensic
Med. Pathol. 35 (2014) 29-33.

[12] B. Eren, B.N. Turkmen, R. Fedakar, Allergic myocardial infarction due to hydatid
cyst: an autopsy case, Bratisl. Lek. Listy. 111 (2010). 351-2.

[13] Y. Thama, M. Fukasawa, K. Ninomiya, Y. Kawakami, T. Nagai, C. Fuke, T.
Miyazaki, Anaphylactic shock caused by sting of crown-of-thorns starfish
(Acanthasterplanci), Forensic Sci. Int. 236 (2014) e5-e8.

[14] P. Feltracco, S. Barbieri, H. Galligioni, L. Pasin, R.M. Gaudio, A. Tommasi, A.
Zucchetto, P. Trevisiol, C. Ori, F.M. Avato, A fatal case of anaphylactic shock
during paragliding, Forensic Sci. Int. 221 (2012) e4-e6.

[8

[15] V. Sterzik, V. Drendel, M. Will, M. Bohnert, Suicide of a man with known
allergy to fish protein by ingesting tinned fish, Forensic Sci. Int. 204 (2011) 1-
5.

[16] U. Da Broi, C. Moreschi, Post-mortem diagnosis of anaphylaxis: a difficult task
in forensic medicine, Forensic Sci. Int. 186 (2009) 1-5.

[17] Y. Shen, L. Li, ]J. Grant, A. Rubio, Z. Zhao, X. Zhang, L. Zhou, D. Fowler,
Anaphylactic deaths in Maryland (United States) and Shanghai (China): a
review offorensic autopsy cases from 2004 to 2006, Forensic Sci. Int. 198
(2010) e1-e4.

[18] A.D. Hogan, L.B. Schwartz, Markers of mast cell degranulation, Methods 13
(1997) 43-52.

[19] M.G. Buckley, S. Variend, A.F. Walls, Elevated serum concentrations of beta-
tryptase, but not alpha-tryptase, in Sudden Infant Death Syndrome (SIDS). An
investigation of anaphylactic mechanisms, Clin. Exp. Allergy 31 (2001) 1696-
1704.

[20] H. Nishio, K. Suzuki, Serum tryptase levels in sudden infant death syndrome in
forensic autopsy cases, Forensic Sci. Int. 139 (2004) 57-60.

[21] L.B. Schwartz, Effector cells of anaphylaxis: mast cells and basophils, Novartis
Found Symp. 257 (2004) 65-74.

[22] F.B. Mustafa, F.S.P. Ng, T.H. Nguyen, L.H.K. Lim, Honeybee venom secretory
phospholipase A2 induces leukotriene production but not histamine release
from human basophils, Clin. Exp. Immunol. 151 (2007) 94-100.

[23] M.G. Buckley, A.R. McEuen, AF. Walls, The detection of mast cells
subpopulation in formalin-fixed human tissues using a new monoclonal
antibody specific for chymase, J. Pathol. 189 (1999) 138-143.

[24] E. Edston, M. van Hage-Hamsten, Postmortem diagnosis of anaphylaxis, in: M.
Tsokos (Ed.), Forensic Pathol. Rev., vol. 3, Humana Press Inc., Totowa, NJ, 2005.

[25] B. Muciaccia, C. Sestili, S. De Grossi, A. Vestri, L. Cipolloni, R. Cecchi, Are mast
cells implicated in asphyxia?, Int J. Legal Med. 130 (2015) 153-161.

[26] E. Turillazzi, P. Greco, M. Neri, C. Pomara, I. Riezzo, V. Fineschi, Anaphylactic
latex reaction during anaesthesia: the silent culprit in a fatal case, Forensic Sci.
Int. 179 (2008) e5-€8.

[27] A.Klein, A. Talvani, D.C. Cara, K.L. Gomes, N.W. Lukacs, M.M. Teixeira, Stem cell
factor plays a major role in the recruitment of eosinophils in allergic pleurisy
in mice via the production of leukotriene B4, Forensic Sci. Int. 179 (2008) e5-
e8.

[28] S. Luongo, C. Frontalini, M. Pesaresi, M. Valsecchi, A. Tagliabracci,
Histopathological markers for the diagnosis of anaphylactic death, 51Suppl 1
(2010) S30-S36.

[29] E. Edston, Accumulation of eosinophils, mast cells, and basophils in the spleen
in anaphylactic deaths, Forensic Sci. Med. Pathol. 9 (2013) 496-500.

[30] N. Trani, L.R. Bonetti, G. Gualandri, G. Barbolini, Immediate anaphylactic death
following antibiotics injection: splenic eosinophilia easily revealed by pagoda
red stain, Forensic Sci. Int. 181 (2008) 21-25.

[31] L. Tattoli, M. Tsokos, J. Sautter, ]. Anagnostopoulos, E. Maselli, G. Ingravallo, M.
Delia, B. Solarino, Postmortem bone marrow analysis in forensic science: study
of 73 cases and review of the literature, Forensic Sci. Int. 234 (2014) 72-78.

[32] L.B. Schwartz, D.D. Metcalfe, J.S. Miller, H. Earl, T. Sullivan, Tryptase levels as an
indicator of mast-cell activation in systemic anaphylaxis and mastocytosis, N.
Engl. ]. Med. 316 (1987) 1622-1626.

[33] V. Payne, P.C.A. Kam, Mast cell tryptase: a review of its physiology and clinical
significance, Anaesthesia 59 (2004) 695-703.

[34] L.B. Schwartz, Diagnostic value of tryptase in anaphylaxis and mastocytosis,
Immunol. Allergy North Am. 26 (2006) 451-463.

[35] A. Sravan, R. Tse, A.D. Cala, A decline in 2 consecutive postmortem serum
tryptase levels in an anaphylactic death, Am. J. Forensic Med. Pathol. 36 (2015)
233-235.

[36] C. Palmiere, L. Comment, R. Vilarino, P. Mangin, L. Reggiani Bonetti,
Measurement of B-tryptase in postmortem serum in cardiac deaths, J.
Forensic Leg. Med. 23 (2014) 12-18.

[37] S. Unkrig, L. Hagemeier, B. Madea, Postmortem diagnostics of assumed food
anaphylaxis in an unexpected death, J. Immunol. 64 (2000) 4271-4276.

[38] R. Dettmeyer, P. Schmidt, F. Musshoff, C. Dreisvogt, B. Madea, Pulmonary
edema in fatal heroin overdose: immunohistological investigations with IgE,
collagen IV and laminin- no increase of defects of alveolar-capillary
membranes, Forensic Sci. Int. 110 (2000) 87-96.

[39] N. Perskvist, C. Soderberg, M. van Hage, E. Edston, Pathogenic role of cardiac
mast cell activation/degranulation, TNF-alpha, and cell death in acute drug-
related fatalities, Vasc. Health Risk Manag. 3 (2007) 1053-1062.

[40] V. Fineschi, R. Cecchi, F. Centini, LP. Reattelli E. Turillazzi,
Immunohistochemical quantification of pulmonary mast-cells and post-
mortem blood dosages of tryptase and eosinophil cationic protein in 48
heroin-related deaths, Forensic Sci. Int. 120 (2001) 189-194.

[41] S.T. Holgate, C. Walters, A.F. Walls, S. Lawrence, D.J. Shell, S. Variend, P.J.
Fleming, P.J. Berry, R.E. Gilbert, C. Robinson, The anaphylaxis hypothesis of
sudden infant death syndrome (SIDS): mast cell degranulation in cot death
revealed by elevated concentrations of tryptase in serum, Clin. Exp. Allergy 24
(1994) 1115-1122.

[42] E. Turillazzi, C. Pomara, G. La Rocca, M. Neri, I. Riezzo, S.B. Karch, R. Anzalone,
M. Lo lacono, V. Fineschi, Immunohistochemical marker for Na+CPTypeValpha
(C-20) and heterozygous nonsense SCN5A mutation W822X in a sudden infant
cardiac death induced by mild anaphylactic reaction, Appl. Immunohistochem.
Mol. Morphol. 17 (2009) 357-362.

[43] A. McLean-Tooke, M. Goulding, C. Bundell, ]. White, P. Hollingsworth,
Postmortem serum tryptase levels in anaphylactic and non-anaphylactic
deaths, ]. Clin. Pathol. 67 (2014) 134-138.


http://refhub.elsevier.com/S1344-6223(16)30080-3/h0005
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0005
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0010
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0010
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0015
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0015
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0015
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0015
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0020
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0020
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0020
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0025
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0025
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0025
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0030
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0030
http://dx.doi.org/10.1186/1471-2261-5-6
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0040
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0040
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0040
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0040
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0040
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0045
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0045
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0045
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0050
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0050
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0050
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0055
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0055
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0055
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0060
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0060
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0065
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0065
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0065
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0070
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0070
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0070
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0075
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0075
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0075
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0080
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0080
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0085
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0085
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0085
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0085
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0090
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0090
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0095
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0095
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0095
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0095
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0100
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0100
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0105
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0105
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0110
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0110
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0110
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0115
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0115
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0115
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0120
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0120
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0120
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0120
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0125
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0125
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0130
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0130
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0130
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0135
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0135
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0135
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0135
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0145
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0145
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0150
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0150
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0150
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0155
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0155
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0155
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0160
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0160
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0160
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0165
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0165
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0170
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0170
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0175
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0175
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0175
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0180
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0180
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0180
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0185
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0185
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0190
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0190
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0190
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0190
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0195
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0195
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0195
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0200
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0200
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0200
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0200
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0205
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0205
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0205
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0205
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0205
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0210
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0210
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0210
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0210
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0210
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0215
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0215
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0215

R. Cecchi/Legal Medicine 22 (2016) 75-81 81

[44] ]. Sheldon, B. Philips, Laboratory investigation of anaphylaxis: not as easy as it
seems. Editorial, Anaesthesia 70 (2015) 1-17.

[45] E. Ono, M. Taniguchi, H. Mita, Y. Fukutomi, N. Higashi, E. Miyazaki, T.
Kumamoto, K. Akiyama, Increased production of cysteinyl leukotrienes and
prostaglandin D2 during human anaphylaxis, Clin. Exp. Allergy 39 (2009) 72-
80.

[46] E.E. Forbes, K. Groschwitz, ]J.P. Abonia, E.B. Brandt, E. Cohen, C. Blanchard, R.
Ahrens, L. Seidu, A. McKenzie, R. Strait, F.D. Finkelman, P.S. Foster, K..
Matthaei, M.E. Rothenberg, S.P. Hogan, IL-9- and mast cell-mediated intestinal
permeability predisposes to oral antigen hypersensitivity, J. Exp. Med. 205
(2008) 897-913.

[47] L. Uvackova, L. Skultety, S. Bekesova, S. McClain, M. Hajduch, MS(E) based
multiplex protein analysis quantified important allergenic proteins and
detected relevant peptides carrying known epitopes in wheat grain extracts,
J. Proteome Res. 12 (2013) 4862-4869.

[48] X. Hu, G.P. Wu, M.H. Zhang, S.Q. Pan, R.R. Wang, ].H. Ouyang, J.G. Liu, Z.Y. Chen,
H. Tian, D.B. Liu, GC-MS-based metabolic profiling reveals metabolic changes
in anaphylaxis animal models, Anal. Bioanal. Chem. 404 (2012) 887-893.

[49] ]. Kong, K. Chalcraft, T.S. Mandur, R. Jimenez-Saiz, T.D. Walker, S. Goncharova,
M.E. Gordon, L. Naji, K. Flader, M. Larché, D.K. Chu, S. Waserman, B. McCarry,
M. Jordana, Comprehensive metabolomics identifies the alarmin uric acid as a
critical signal for the induction of peanut allergy, Allergy 70 (2015) 495-505.

[50] D.J. Hobson, P. Rupa, GJ. Diaz, H. Zhang, M. Yang, Y. Mine, P.V. Turner, G.M.
Kirby, Proteomic analysis of ovomucoid hypersensitivity in mice by two-
dimensional difference gel electrophoresis (2D-DIGE), Food Chem. Toxicol. 45
(2007) 2372-2380.

[51] S.E. Stevenson, Y. Chu, P. Ozias-Akins, J.J. Thelen, Validation of gel-free, label-
free quantitative proteomics approaches: applications for seed allergen
profiling, J. Proteomics 72 (2009) 555-566.

[52] N. Higashi, H. Mita, E. Ono, Y. Fukutomi, H. Yamaguchi, K. Kajiwara, H.
Tanimoto, K. Sekiya, K. Akiyama, M. Taniguchi, Profile of eicosanoid generation
in aspirin-intolerant asthma and anaphylaxis assessed by new biomarkers, ]
Allergy Clinimmunol. 125 (2010) 1084-1091. e6.

[53] M. Nittner-Marszalska, E. Cichocka-Jarosz, M. Sanak, M. Wujczyk, A. Dor-
Wojnarowska, G. Lis, J. Liebhart, 9a,11p-PGF2, a prostaglandin D2 metabolite,
as a marker of mast cell activation in bee venom-allergic patients, Arch.
Immunol. Ther. Exp. (Warsz) 63 (2015) 317-325.

[54] M.L. Sanz, P.M. Gamboa, A.L. De Weck, In vitro tests: basophil activation tests,
in: WJ. Pichler (Ed.), Drug Hypersensitivity, Karger, Basel, 2007, pp. 391-402.

[55] M.L. Sanz, P.M. Gamboa, B.E. Garcia-Figueroa, M. Ferrer, In vitro diagnosis of
anaphylaxis, Chem. Immunol. Allergy 95 (2010) 125-140.

[56] Y. Fukuda, H. Kawashima, K. Saito, N. Inomata, M. Matsui, T. Nakanishi, Effect
of human plasma-type platelet-activating factor acetylhydrolase in two
anaphylactic shock models, Eur. ]. Pharmacol. 25 (2000) 203-207.

[57] P. Vadas, M. Gold, B. Perelman, G.M. Liss, G. Lack, T. Blyth, F.E. Simons, K]J.
Simons, D. Cass, J. Yeung, Platelet-activating factor, PAF acetylhydrolase, and
severe anaphylaxis, N. Engl. J. Med. 358 (2008) 28-35.

[58] A. Cauwels, B. Janssen, E. Buys, P. Sips, P. Brouckaert, Anaphylactic shock
depends on PI3K and eNOS-derived NO, J. Clin. Invest. 116 (2006) 2244-2251.

[59] D. Wang, J. Wei, K. Hsu, J. Jau, M.W. Lieu, T.J. Chao, H.I. Chen, Effects of nitric
oxide synthase inhibitors on systemic hypotension, cytokines and inducible
nitric oxide synthase expression and lung injury following endotoxin
administration in rats, ]. Biomed. Sci. 6 (1999) 28-35.

[60] A. Cauwels, Nitric oxide in shock, Kidney Int. 72 (2007) 557-565.

[61] A. Martinez, F. Cuttitta, Bringing together morphologists and molecular
biologists: in situ PCR and RT-PCR, NIH Catal. 3 (1995) 12-22.

[62] W. Wiltshire, S. O'Malley, J. Lambert, K. Kukanskis, D. Edgar, S. Kingsmore, B.
Schweizer, Detection of multiple allergen-specific IgEs on microarrays by
immunoassay with rolling circle amplification, Clin. Chem. 4 (2000) 1990-
1993.

[63] T. Bacarese-Hamilton, L. Mezzasoma, C. Ingham, A. Ardizzoni, R. Rossi, F.
Bistoni, A. Crisanti, Detection of allergen-specific IgE on microarrays by use of
signal amplification techniques, Clin. Chem. 48 (2002) 1367-1370.

[64] L. Steinman, Gene microarrays and experimental demyelinating disease: a tool
to enhance serendipity, Brain 124 (2001) 1897-1899.

[65] K. Adel-Patient, H. Bernard, S. Ah-Leung, C. Créminon, J.-M. Wal, Peanut- and
cow’s milk-specific IgE, Th2 cells and local anaphylactic reaction are induced
in Balb/c mice orally sensitized with cholera toxin, Allergy 60 (2005) 658-664.

[66] T.van Wieringen, S.G. Kimani, A.K. Hultgdrd-Ekwall, ]. Forsberg, V. Reyhani, A.
Engstrom, K. Rubin, Opposite effects of PDGF-BB and prostaglandin E1 on cell-
motility related processes are paralleled by modifications of distinct actin-
binding proteins, Exp. Cell Res. 315 (2009) 1745-1758.


http://refhub.elsevier.com/S1344-6223(16)30080-3/h0220
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0220
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0225
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0225
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0225
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0225
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0230
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0230
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0230
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0230
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0230
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0235
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0235
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0235
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0235
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0240
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0240
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0240
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0245
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0245
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0245
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0245
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0250
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0250
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0250
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0250
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0255
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0255
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0255
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0260
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0260
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0260
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0260
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0265
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0265
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0265
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0265
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0270
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0270
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0270
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0270
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0275
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0275
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0280
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0280
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0280
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0285
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0285
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0285
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0290
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0290
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0295
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0295
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0295
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0295
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0300
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0305
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0305
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0310
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0310
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0310
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0310
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0315
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0315
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0315
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0320
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0320
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0325
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0325
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0325
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0330
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0330
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0330
http://refhub.elsevier.com/S1344-6223(16)30080-3/h0330

	Diagnosis of anaphylactic death in forensics: Review and future perspectives
	1 Introduction
	2 Microscopical findings
	3 Biochemical findings
	4 Omics methodologies in anaphylaxis diagnosis
	References


