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Immediate anaphylactic death following antibiotics injection: Splenic
eosinophilia easily revealed by pagoda red stain
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A B S T R A C T

The comparison of 4 cases of immediate anaphylactic death following the intramuscular injection of

antibiotics (different types of penicillin or cephalosporins) with 4 cases of immediate non-anaphylactic

death (induced by different causes) recognized splenic eosinophilia, as the main feature for the

differential diagnosis, in agreement with isolated previous studies.

The use of a stain (pagoda red) little known and seldom employed in Pathology and in Forensic

Medicine, showed the concomitant massive presence (immunohistochemically confirmed) of mast cells

and degranulated mast cells, the latter mainly located in splenic sinuses.

The whole of our findings led us to consider the spleen as the possible shock organ in man. Waiting for

further judgment on our hypothesis, we seized the opportunity to remark the employment of the pagoda

red stain when the contemporary demonstration of eosinophils, mast cells and degranulated mast cells is

required.

� 2008 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

The concept of anaphylaxis derives from the observations
concerned with the effects of actinotoxins on the blood pressure of
dogs [1]. Anaphylactic shock is a well known example of the
immediate type of hypersensitivity reaction inducing a diffuse
organ hypoperfusion. It may be defined [2] as the failure of the
peripheral circulation induced by an antigen(allergen)–antibody
reaction in already sensitized subjects for a foreign substance.

If the hypoperfusion is complicated by increased capillary
permeability, a rapidly fatal irreversible circulatory damage
(anaphylactic death) takes place. In the exhaustive and detailed
clinico-pathological study of Delage and Irey [2], based on 43
validated cases of drug-induced fatal anaphylactic shock, the
predominant role of penicillin, subsequently confirmed [3–5], is
reported. In these as well as in other cases preformed immu-
noglobulin E (IgE) antibodies to various allergens, present in
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contrast media [5,6], sera [7], insect venom [8–10], and food
[5,6,8,9] are thought to initiate anaphylactic reaction in patients
previously (and often unknowingly) sensitized towards that
allergen. A register including all fatal anaphylactic reactions in
the UK is operative since 1992.

High affinity (IgE) receptors [4] are located in mast cells and
basophils, whereas low affinity receptors are present in other
cytotypes (eosinophils, macrophages, platelets). Systemic acute
anaphylaxis results from degranulation of activated mast cells [11]
with release, mainly, of histamine, tryptase and chymase, all
important markers of mast cell activation. Unlike histamine,
characterized by a very short half-life in the circulation, tryptase
and chymase are stable post-mortem [12,13] and their sera
measurements have been used in post-mortem diagnosis of acute
anaphylaxis [8–10,12–14]. Other mediators like cytokines, chemo-
kines, eosinophil chemiotactic factor, leukotrienes and so on may be
involved [4,14]. Tryptase is a serine protease stored mainly in mast
cell granules and not found in circulating basophils, eosinophils,
platelets or any other cell. There are mainly two varieties of tryptase:
an active free form (b) and an inactive tetramere (a) [15,16]. The
former is a protein released from mast cell granules during
anaphylactic reactions, the latter is a similar protein secreted by
resting mast cells and raised in mastocytosis [6,15]. Chymase is
a mast cell-derived serine protease, characterized as an angiotensin
lactic death following antibiotics injection: Splenic eosinophilia
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Table 2
Essential data of INAD-series.

File/year Case, sex Age Causes of death Time elapsing

to the death

118/03 1, M 36 Airplane fall Few minutes

170/03 2, M 16 Road accident Few minutes

144/04 3, M 36 Industrial accident Few minutes

51/05 4, M 34 Suicide by train Few minutes

88/05 5, M 29 Industrial accident Few minutes

138/05 6, M 56 Suicide by train Few minutes

30/07 7, F 21 Road accident Few minutes

48/07 8, M 24 Suicide by train Few minutes

51/07 9, M 45 Road accident Few minutes

61/07 10, M 85 Industrial accident Few minutes

85/07 11, M 21 Road accident Few minutes

89/07 12, M 64 Industrial accident Few minutes

130/07 13, M 19 Industrial accident Few minutes

140/07 14, M 19 Industrial accident Few minutes

156/07 15, M 51 Road accident Few minutes

160/07 16, M 39 Industrial accident Few minutes

197/07 17, M 51 Industrial accident Few minutes

199/07 18, M 61 Suicide by fall Few minutes

207/07 19, M 23 Road accident Few minutes
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II-generating enzyme [13] and used to determine mast cells and thus
to assess the timing of wounds after deaths [17,18]. It is quite stable
in serum and a significant positive correlation between serum
chymase and tryptase levels was found in post-mortem diagnosis of
anaphylaxis [13]. Heterogeneity of human mast cells is known
[19,20] and recently different subsets of mast cells (MC) are
distinguished by immunohistochemistry [21], as follows:

� MC-TCs (formerly connective tissue mast cells) mainly com-
posed of histamine, heparin, tryptase, chymase, cathepsin G and
carboxypeptidase, preformed and stored in granules.
� MC-T (formerly mucosal mast cells) lacking or containing only

small amounts of chymase, carboxypeptidase and cathepsin.
� MC-C lacking tryptase and not further characterized.

The quantity of advanced laboratory data is in contrast with the
scarcity of significant macroscopic findings, since post-mortem
findings reported in many anaphylactic deaths are rather indefinite
and not patognomonic [5,6]. In fact immediate anaphylactic death
is basically due to a diffuse hypoperfusion with increased capillary
permeability, mainly following the release of both tryptase and
chymase from activated and degranulated mast cells. The aim of
this study was to verify the possibility to demonstrate the presence
of activated and degranulated mast cells, even intermingled with
eosinophils, by using the pagoda red stain [22,23] and to add, in
histological routine practice, this simple stain to other means used
to validate the diagnosis of anaphylactic death. We paid particular
attention to this demonstration at spleen level, where eosinophilia,
occasionally reported [2,28,29], is unlike other organs (respiratory
tract, lymphnodes, joints, etc.), in our experience an absolutely
unusual finding.

2. Materials and methods

The study was carried out on 3 groups, each of 4 cases, distinguished in the

following way:

� Immediate anaphylactic death (IAD);

� Immediate non-anaphylactic death (INAD, negative controls);

� Inflammatory nasal polyps, with eosinophilia (stain controls).

2.1. Immediate anaphylactic death (IAD)

Besides circumstantial data we followed mainly the criteria listed by Di Maio and

Di Maio [5] and by Pumphrey and Robert [6]. Year, sex, age, drug and time between

injection and death are listed in Table 1.

2.2. Immediate non-anaphylactic death (INAD)

Year, sex, age and type of death are reported in Table 2. Absence of asthma and

splenomegaly was ascertained in the selected patients.

2.3. Inflammatory sino-nasal polyps

The four cases selected for the number of eosinophils and mast cells were used as

stain- and immunohistochemistry-controls for both cytotypes.
Table 1
Essential data of IAD-series.

File/year Case, sex Age Druga

61/02 1, M 53 Antibiotic: Unasyn1, penicillins and beta

ampicillin and sulbactam

58/05 2, M 64 Antibiotic: Rocephin1, cephalosporins III

ceftriaxone sodium, lidocaine

189/05 3, M 65 Antibiotic: Tazobac1, penicillins and beta

piperacillin sodium, tazobactam sodium

29/06 4, F 58 Antibiotic: Fidato1, cephalosporins III gen

ceftriaxone sodium, lidocaine
a All protected penicillins cross-reacting with the cephalosporins.

Please cite this article in press as: N. Trani, et al., Immediate anaphy
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2.4. Stains and histochemistry

Besides haematoxylin–eosin, we performed the pagoda red (Dylon International

LTD, England) stain, as follows:

Method:

(1) Bring paraffin sections to water.

(2) Stain in 1% aqueous pagoda red, 1 h at 55 8C.

(3) Wash in water.

(4) Counterstain nuclei with haematoxylin, 3 min.

(5) Wash in tap water.

(6) Dehydrate in alcohols, clear in xylene and mount in a suitable synthetic resin.

2.5. Immunohistochemistry for human eosinophil proteins

Monosan clone BMK-13 (Sanbio, Uden, The Netherlands), which specifically

binds to the 10 kD eosinophil major basic protein (EMBP) of both resting and

activated eosinophils was used. This monoclonal murine IgG1 antibody is

considered a pan-eosinophil marker.

2.6. Immunohistochemistry for mast cells

The following two monoclonal antibodies were used:

� DIA PATH (Lab Vision, Ca, USA) mast cell chymase Ab-1 (clone CC1);

� DIA PATH (Lab Vision, Ca, USA) mast cell tryptase Ab-2 (clone AA1);

� A third polyclonal antibody was also used:

� DAKO-Japan CD 117 (clone 104,D2), minor (and not specific) marker for mast cells

of epithelial and hematopoietic tissues.

3. Results

3.1. Pathologic findings

The main features of both IAD- and INAD-series are reported in
the following Tables 3 and 4, from which splenic eosinophilia
Time between injection and death

-lactamase inhibitors, Immediately after the injection (few minutes)

generation and anesthetic: Immediately after the injection (few minutes)

-lactamase inhibitors, After 5 min

eration and anesthetic: Immediately after the injection (few minutes)
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Table 3
Pathologic findings of IAD-series.

Pathologic findings Number of cases (4)

Cerebral edema 4

Pulmonary congestion 4

Pulmonary edema 2

Mucous plugging of bronchi 0

Laryngeal edema 1

Slight focal myocardial sclerosis 2

Spleen weight (less than 250 g) 4

Splenic (clusters) eosinophils 4

Lung (scattered) eosinophils 1

Liver (scattered) eosinophils 1

Table 4
Pathologic findings of INAD-series.

Pathologic findings Number of cases (4)

Cerebral edema 4

Pulmonary congestion 4

Pulmonary edema 2

Mucous plugging of bronchi 0

Laryngeal edema 0

Slight focal myocardial sclerosis 1

Spleen weight (less than 250 g) 4

Splenic (clusters) eosinophils 0

Splenic (scattered) eosinophils 1

Lung (scattered) eosinophils 0

Liver (scattered) eosinophils 0

Fig. 2.

Fig. 3.
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appears as a useful support in the differential diagnosis of our two
series: marked and diffuse in the IAD-series, totally absent or just
in the form of scattered eosinophils in INAD-series.

3.2. Histochemical findings

The Pagoda red stain evidenced in all cases of IAD-series a
diffuse, perifollicular, cordonal and endosinusal splenic eosino-
philia and also the close presence of intermingled mast cells, even
degranulated mainly at endosinusal level (Figs. 1–3). In INAD-
series (case 6) scattered eosinophil and not degranulated mast cells
were found only (Fig. 4). Clusters of eosinophils and not
degranulated mast cells were easily recognized in the cases of
inflammatory sino-nasal polyp (Fig. 5).
Fig. 1.
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3.3. Immunohistochemical findings

The specific employed antibodies revealed either eosinophils or
mast-cells without any cross-reaction between the cytotypes
(Table 5). CD 117 always displayed a negative reaction.

4. Discussion

As pointed out in Literature [2–6], anaphylactic death is not
easy to prove since pathological findings (laryngeal edema,
pulmonary acute emphysema, mucous plugging of bronchi, etc.)
may be inconstant or liable to subjective evaluation. Therefore
tryptase concentrations in femoral blood (not influenced by prone
position at death or resuscitation efforts) [12] and serum chymase
and tryptase levels [13] have been suggested in post-mortem cases
to validate the diagnosis of anaphylactic deaths.

In this study, however, splenic eosinophilia was the more
significant feature for the differential diagnosis between immedi-
ate anaphylactic death and immediate non-anaphylactic death.
Nevertheless it must be specified that it was a particular model of
eosinophilia characterized by a number of eosinophils inter-
mingled with mast cells and degranulated mast cells. However the
mixing of the cytotypes, contemporaneously on the same slide,
lactic death following antibiotics injection: Splenic eosinophilia
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Fig. 4.

Fig. 5.
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was easily displayed by pagoda red stain only, since degranulated
mast cells and their outside granules appear brilliant red over a
pale blue background.

Pagoda red is a dye originally employed in the industrial field to
tint clothes and able in our experience to selectively trace
eosinophils and mast cells. Moreover the dye has been successfully
employed for the histological demonstration of several substances
with fibrillar periodical structure, like amyloids [22,23], cellulose,
siloxanes, polysiloxanes and polyethylene polymers [24,25].

In cytopathology the stain has been able to selectively trace
eosinophils and mast cells in case of nasal [26] or ocular [27]
allergic processes possibly related to the presence of airborne, non-
human elements.

It is therefore clear that capability and specificity of pagoda red
to demonstrate so different findings are related to cytohistological
Table 5
Panel of identification of eosinophils and mast cells: a comparative evaluation.

Cytotypes EMBP Chymase Tryptase CD117 Pagoda red

Eosinophils ++ � � � +++

Mast cell � +++ +++ � +++

(�) negative reaction; (++): moderate reaction; (+++): strong reaction.

Please cite this article in press as: N. Trani, et al., Immediate anaphy
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and morphostructural diagnostic criteria and not to an histo-
chemical specificity. Performed immunohistochemistry has been
used to confirm specificity and sensibility of the pagoda red stain
for mast cells and eosinophils.

Our findings, according to previous studies related to splenic
eosinophilia [2,28,29] led us to hypothesize that the spleen in man
could be that part of the vascular system where the trigger is
initially pressed by the responsible allergen to initiate IAD. As
reported from the outstanding work of Delage and Irey [2] shock
organs and shock tissues are different in the different laboratory
animals in the following manner:

(a) In the cat: the lungs. Death occurs from acute pulmonary
emphysema [30].

(b) In the dog: the liver. Death derives from circulatory collapse of
portal or splanchnic circulation [2].

(c) In the guinea pig: the bronchial smooth musculature.
Death occurs from asphyxia secondary to severe broncos-
pasm [2].

(d) In the mouse: the capillary bed. Death results from insufficient
oxygenation of the tissues due to severe hypovolemia
following capillary bed dilatation [31].

(e) In the rabbit: the pulmonary arteriolar tree. Death is related to
the obstruction of pulmonary circulation [2].

(f) In the rat: the intestinal mass. Death follows circulation failure
in the splanchnic area [32].

The hypothesis to consider the spleen as a shock organ in
humans is supported by the following considerations.

� It is well known that the spleen is supplied with a double
circulation: open and closed. During the closed circulation the
blood flow (arteriolar in origin) is periodically stopped in the
spleen sinuses to allow the margining of aged erythrocytes and
their subsequent destruction in the Billroth’s cord. This stop also
immobilizes mast cells and basophils (usually few in circulating
blood) and facilitates contact between their high affinity (IgE)
receptors and allergens, represented in our IAD-series by injected
antibiotics.
� The following degranulation of activated mast cells leads to the

release of tryptase, chymase and ECF (eosinophils chemotactic
factor) with possible subsequent appearance of eosinophilia in
other sites (for example, liver and lung) as reported in Literature
[2,7] and found in our cases 4 and 6.

Obviously, further research to confirm our hypothesis is
required. Anyway, independently from any confirmation, we
would like to stress that the use of a simple stain like pagoda
red may be very useful in the simultaneous demonstration of
eosinophils and mast cells in tissues.
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