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Abstract

Post-mortem investigation in cases of fatal anaphylaxis is required to provide clarifications on the presence of macroscopic
pathological changes, histological features, and immunohistochemical positivity suggestive of the diagnosis, on biochemical
evidence of anaphylaxis and on the presence of serological data indicative of the allergen responsible for the anaphylactic
reaction. We describe the case of a |6-year-old boy with a medical history of allergic asthma, celiac disease, and known
food-induced allergy for fish, fresh milk, peanuts, hazelnuts, walnuts, apples, kiwis, and peaches. Acute onset of dyspnea
followed by cyanosis of the lips and respiratory failure was described immediately after having an ice cream sandwich.
Unsuccessful rescues were immediately attempted with oral administration of betamethasone, intramuscular injection
of adrenaline, and cardiopulmonary resuscitation. A complete post-mortem examination was performed. Serum dosage
of mast cell beta-tryptase from femoral blood detecting serum values of 41.4mg/l. Determination of specific IgE on
cadaveric blood samples confirmed the anamnestic data related to sensitization for several food allergens, including cod
parvalbumin, tropomyosin, brazil nut, omega-5-gliadin of foods derived from wheat and gluten. The cause of death was
identified in a cardiorespiratory failure due to anaphylactic shock in a poly-allergic subject and anaphylaxis was ascribed
to the wheat contained in the ice cream sandwich eaten immediately before the onset of respiratory symptoms. The
need is to implement an interdisciplinary approach capable to ascertain the sensitivity and specificity of the diagnostic
tests currently in use as well as to evaluate the possibility of introducing new biomarkers in practice.
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allergens can cause reactions by ingestion or con-
tact. At present, a large amount of food has been
identified as a cause of IgE-mediated phenomena,
although the majority of allergic reactions is attrib-
utable to a limited number of foods such as peanuts,
tree nuts, egg, milk, fish, shellfish, wheat, and soy.*

Food-induced anaphylaxis is a rare cause of
death and it is difficult to study as it very often rep-
resents a community event that occurs outside the
hospital setting.> Although the precise incidence
of anaphylaxis mortality is still unknown, several
retrospective post-mortem and population studies
estimate the mortality rate to be 0.65%—2%. Fatal
food-induced allergy usually presents acutely
(from a few minutes to several hours) after expo-
sure to a known allergen with two or more of the
following symptoms: generalized urticaria, itching
or redness, rhinorrhea, conjunctivitis, swelling of
the lips, tongue or uvula, respiratory impairment
with dyspnea, wheezing, bronchospasm and
hypoxia, cardiovascular compromise with hypo-
tension, tachycardia, and collapse. Death due to
anaphylaxis is usually due to heterogeneous mech-
anisms, often combined, including upper airway
obstruction, asphyxia from bronchospasm, cardio-
genic shock and, sometimes, hemorrhagic or
thromboembolic phenomena.’

Case report

The case presented concerns a 16-year-old boy
with a medical history of allergic asthma, celiac
disease, and known food-induced allergy for fish,
fresh milk, peanuts, hazelnuts, walnuts, apples,
kiwis, and peaches. Acute onset of dyspnea fol-
lowed by cyanosis of the lips and respiratory fail-
ure was described immediately after having an ice
cream sandwich. Unsuccessful rescues were
immediately attempted with oral administration of
betamethasone, intramuscular injection of adrena-
line, and cardiopulmonary resuscitation. A com-
plete post-mortem examination was performed
2days after death. No putrefaction phenomena
were evident. External examination was unre-
markable. Subpleural petechiae and heavy lungs
presenting white foam on the main bronchi were
observed at the autopsy investigation. Mild cere-
bral edema was also detected. The heart was nor-
mal, with a conical shape and slightly represented
subepicardial fat. Coronary arteries were normal,
and obstructions of the lumen were excluded. The

laryngo-tracheo-bronchial tree did not show mac-
roscopically detectable pathological findings. The
stomach contained about 200cc of partially
digested food. All tissue specimens were fixed in
formalin and embedded in paraffin, then a routine
hematoxylin and eosin stain was employed.
Ubiquitous acute stasis, mild cerebral edema and
interstitial myocardial edema were recorded. In
addition, acute pulmonary edema mixed with
areas of acute pulmonary emphysema were pre-
sent. Intraparenchymal hemorrhages on the spleen
and adrenal glands were observed (Figure 1). An
immunohistochemical technique was used to esti-
mate mast-cell population, using the anti-tryptase
antibody as a specific marker on 5 mm thick paraf-
fin sections. Afterward, a pulmonary area of
100 mm? was analyzed. We examined histological
samples from a control group where the cause of
death was clearly attributable to traumatic events.
Pulmonary mast cells were identified and quanti-
fied and a great number of degranulating mast
cells with tryptase-positive material outside were
observed (Figure 2). Data resulting from quantita-
tive analysis recorded a numerical increase in pul-
monary mast cells in this case (average mast-cell
count 12,551/100 mm?) compared with that of the
traumatic control group (traumatic death) whose
average mast-cell count was 3557/100 mm?. The
microscopic examination of duodenal samples
stained with anti-CD3 and anti-CD8 antibodies
supported the clinical diagnosis of celiac disease.

Toxicological analysis on blood and urine speci-
mens for therapeutic and non-therapeutic drugs were
performed using gas chromatography-mass spec-
trometry and resulted negative. Tryptase was meas-
ured on a 10 cm?® sample of venous femoral blood by
aspirating the vessel with a sterile single use 18-gage
needle and a 10-mL syringe taken during the autopsy
and stored in the freezer at —-80°C using an enzyme
immunoassay technique (Uni-CAP TRYPTASE
Fluoroenzymeimmunoassay =~ Pharmacia, = AB
Uppsala, Sweden). Serum dosage of mast cell
tryptase from venous femoral blood detecting serum
values of 41.4mg/l (normal value <10mg/1).

Determination of specific IgE on cadaveric
blood samples confirmed the anamnestic data
related to sensitization for several food allergens,
including cod parvalbumin (34.5 kUA/1), tropomy-
osin (40.5kUA/1), brazil nut (5.84 kUA/I), omega-
5-gliadin of foods derived from wheat (1.07 kUA/I,)
and gluten (54.8 kKUA/I) (Table 1).
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Figure |. Lung histological findings: (a) acute emphysema; (b) focal endoalveolar edema; (c) septal edema (arrows); (d)
lymphocytic, monocytic and eosinophilic peribronchial infiltration (arrows) associated with peribronchial parietal muscle thickening.

Figure 2. Lung immunohistochemical findings: (a—d) tryptase immunoreaction (++ +) (brown cell reactions) with impressive
response of the mast-cells in the peribronchial area (arrows) and evident degranulation phenomena (red arrows).
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Table I. Determination of specific IgE on cadaveric blood samples.

Allergen Specific IgE concentration (kUA/I) Reference values (kUA/I)
rTrial9 (omega-5-gliadin) 1.07 0.10
rPru pl (peach) 0.02 0.10
rPru p3 (peach) 0.84 0.10
rPru p4 (peach) 0.11 0.10
rAra hl (peanut) 0.05 0.10
rAra h2 (peanut) 0.03 0.10
rAra h3 (peanut) 0.08 0.10
rCor a8 (hazelnut) 0.26 0.10
rGad cl (cod parvalbumin) 345 0.10
rAra h9 (peanut) 0.32 0.10
rCor al (hazelnut) 0.17 0.10
nGal d2 (ovalbumin) 0.07 0.10
nGal dl (ovomucoid) 0.13 0.10
nGal d3 (ovotransferrin) 0.03 0.10
rPen al (shrimp tropomyosin) 40.5 0.10
rBer el (Brazil nut) 5.84 0.10
nBos d4 (alpha-lactalbumin) 0.17 0.10
nBos d5 (beta-lactoglobulin) 0.24 0.10
nBos d8 (casein) 0.37 0.10
rTri al4 (gluten) 548 0.10
rPar j2 (Parietaria judaica) 0.03 0.10
nArt v3 (mugwort) 0.24 0.10

The cause of death was identified in a cardiores-
piratory failure due to anaphylactic shock in a
poly-allergic subject and anaphylaxis was ascribed
to the wheat contained in the ice cream sandwich
eaten immediately before the onset of respiratory
symptoms.

Discussion

In the past few decades, a definite increase in the
prevalence of food allergy in infancy and child-
hood has been described. The actual prevalence
of food allergy is approximately about 5%—8% of
children and 1.2% of adults; this is easily demon-
strated by the detection of IgE specific for food
allergens accompanied by a convincing history
of type I hypersensitivity-mediated symptoms
and signs after ingestion of food. Infants and
children have a predisposition to the develop-
ment of food allergies but, in most cases, they
acquire immunological tolerance over time. The
rate of fatal food anaphylaxis is very low overall
and is a rare event in pre-school children.>¢
Delay in the use of adrenaline, risky behavior
(especially in adolescents), coexisting asthma
and severity of prior reactions are indicated as
risk factors for fatal food anaphylaxis.

Post-mortem investigation in cases of fatal
anaphylaxis is required to provide clarifications
on the presence of macroscopic pathological
changes, histological features, and immunohisto-
chemical positivity suggestive of the diagnosis,
on biochemical evidence of anaphylaxis and on
the presence of serological data indicative of the
allergen responsible for the anaphylactic reaction.’
Post-mortem dosing of mast-cell tryptase is
widely performed in forensic practice for the
assessment of cases of suspected anaphylaxis.®!4
However, despite the extensive use of the method,
the interpretation of the results is complex in rela-
tion to the presence of confounding factors includ-
ing the state of conservation of the biological
matrix and the increase in the levels of tryptase in
other conditions different from anaphylaxis.
Therefore, the combined evaluation of serum lev-
els of tryptase and specific IgE allows to signifi-
cantly improve diagnostic accuracy by eliminating
the problems of differential diagnosis deriving
from the finding of high tryptase values. The
diagnosis of fatal anaphylaxis and the problems
related to the reliability of serum tryptase val-
ues must be addressed through a precise method-
ology, starting from the sample collection site.
Different methods (transcutaneous or directly
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vascular by sectioning the vessel or clamping it)
and different sampling sites (arterial or venous),
are described and compared in literature.!>!
Garland recommends aspirating blood samples
from a clamped femoral/external iliac vein,!® as
femoral vein cut down could result in a slightly
elevated level in comparison to aspiration with a
needle and syringe.?’ Regarding the values of
postmortem serum tryptase, Garland established a
reference range of <23 pug/L in non-anaphylactic
deaths.?! Regarding the value that can be used in
the postmortem diagnosis of lethal anaphylaxis,
Sun et al., performed a systematic review and
meta-analysis demonstrating a cut-off level higher
than 30.4 ug/L (sensitivity and specificity for ana-
phylaxis were 68.5% and 83.9%, respectively).?
Moreover, Tejedor-Alonso point out that the best
cutoff point for postmortem tryptase in anaphy-
laxis is 40—-60mg/l, differentiating anaphylaxis
due to drugs and Hymenoptera, comparing to ana-
phylaxis due to food (tryptase values were more
than double of those deaths due to foods).?
Similarly, Platzgummer states that in food ana-
phylaxis, tryptase levels are usually lower than
those observed in drug-induced anaphylaxis.?*

Certainly, the argument about the validity of the
current laboratory markers used for the post-mor-
tem diagnosis of anaphylaxis is constantly evolv-
ing. Beck supports the investigation of chymase,
carboxypeptidase A3, dipeptidyl peptidase I
(DPPI), basogranulin, CCL-2, and platelet-activat-
ing factor (PAF) in the diagnosis of anaphylaxis.?
Further studies in the fields of proteomics, metabo-
lomics and epigenetics could provide useful ele-
ments for post-mortem investigation of a complex
immunological condition such as food-induced
anaphylaxis.?%2

Conclusion

In conclusion, as demonstrated in the described
case, at present it is possible to implement an inter-
disciplinary approach capable of documenting the
existence of an anaphylactic reaction and identify-
ing the allergen responsible for the response.
However, much progress has yet to be made to
ascertain the sensitivity and specificity of the diag-
nostic tests currently in use as well as to evaluate
the possibility of introducing new biomarkers in
practice.'?62" Furthermore, a similar methodology

will enable to obtain reliable epidemiological data
on a clearly underestimated phenomenon.
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