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Abstract

Salmon roe has a high allergic potency and often causes anaphylaxis in Japan. The major allergic
protein of salmon roe is B’-component, which is a 35 kDa vitellogenin fragment consisting of two
subunits. To elucidate structural information and immunological characteristics, f’-component and
the subunit components were purified from chum salmon (Onchorhincus keta) roe and vitellogenin-
encoding mRNA was used to prepare f’-component subunit-encoding cDNA. This was PCR-
amplified, cloned and sequenced and the deduced amino acid sequence compared with partial
sequences of B’-component obtained by peptide mapping. The recombinant g’-component subunit
was produced by bacterial expression in Escherichia coli and its IgE-binding ability was measured
by ELISA using the sera of a patient allergic to salmon roe. This was then compared with that of

the native f’-component with and without carboxymethylation. Following successful cloning of the
cDNA encoding the f’-component subunit, 170 amino acid residues were deduced and matched with
the amino acid sequences of 121 and 88 residues in the 16 kDa and 18 kDa subunits, respectively.
The sequences of both B’-component subunits were almost identical, and the predicted secondary
structure of the B’~component showed a high content of f-pleated sheets and no a-helices. There
was no difference in IgE-binding ability between the native and recombinant f’-component subunits
at the same protein concentration, regardless of carboxymethylation. In conclusion, g’-component is
a homodimer protein composed of two isoform subunits having the same level of igE-binding ability

and, therefore, allergenic identity.
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Introduction

Several kinds of fish roes, including sturgeon, paddlefish,
salmon, cod, lumpfish, capelin and herring, are becom-
ing popular seafood worldwide (1). However, as individuals
have been widely reported to experience immediate allergic
reactions following the consumption of king salmon caviar
(2), Russian beluga caviar (3) and the roe of white fish and
rainbow trout (4), the trend could cause a new risk of fish
roe allergies at a global level. In Japan, where more than
500 kinds of marine bioresources are consumed, the cases
of allergy to salmon roe, particularly among children, have
increased over the last decade and anaphylaxis by ingestion

of salmon roe also has been reported (5). On the basis of
the number of cases of actual ilinesses and the degree of
seriousness, salmon roe is listed as a potential allergen (one
of subspecific allergenic ingredients) under Japanese food
sanitation laws (6).

Lipovitellin (Lv) and f’-component (f’-c) are major con-
stituents of yolk proteins in teleost fish roe (7, 8), and have
high IgE-binding ability (9). ’-c in particular is a major
allergic protein of chum salmon (Oncorhynchus keta) roe
as specific IgE reactions to f’-¢c occur in the sera of almost
all patients with salmon roe allergies (2). Additionally, IgE
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cross-reactivities among fish roes, such as those from
salmon (O. keta), herring (Clupea pallasii) and walleye pol-
lock (Theragra chalcogramma), have been reported in case
studies (10). The authors also confirmed that yolk proteins
from Atka mackerel (Pleurogrammus azonus), dusky sole
(Pleuronectes mochigarei), slime flounder (Microstomus
achne), shishamo smelt (Spirinchus lanceolatus) and
Atlantic capelin (Mallotus villosus) were bound to specific
IgE of salmon-roe-allergic patient sera (11). These findings
clearly indicate the importance of research on f’-c as a food
allergen, and fB’-c was registered as a new allergen ‘Onc k
5" in the official allergen list of the World Health Organization
and International Union of Immunological Societies Allergen
Nomenclature Subcommittee in 2012 (http://www.allergen.
org/).

Lv and p’-c are degradation fragments of vitellogenin
(Vg), a protein synthesized in fish liver that is carried to the
oocytes through the bloodstream. Accumulated Vg in fish
oocytes is proteolytically degraded to the three major yolk
proteins: Lv, f-c and phosvitin (Pv) (7, 8, 12, 13) at pro-
teolytic cleavage sites. Lv and f’-c amino acid sequences
present in Vg have previously been confirmed in barfin
flounder (Verasper moseri) (14), haddock (Elanogrammus
aeglefinus) (15), Japanese conger (Conger myriaster) (16),
"~ red sea bream (Pagrus major) (17) and yellowfin goby
(Acanthogobius flavimanus) (18). Lv and Pv are sources
of embryonic nutrients in oviparous vertebrates, while f’-c
appears to be stable to proteolysis during development
of the teleost fish embryo since it remains during oocyte
growth and the early cleavage stage of the embryo (8, 12).
The proteolytic tolerance of p’-c is probably related to its
high allergenicity. Indeed, pepsin-trypsin digestion had lit-
tle effect on the IgE-binding ability of p’-c prepared from
chum salmon roe (19).

Thus far, there is little information regarding the biochemi-
cal characteristics of allergic proteins in fish roe compared
with other food allergens. Most cases of fish roe allergy are
classified as Type | allergies that are triggered by the binding
of an allergen to a specific IgE and the recognition of specific
amino acid sequences in allergic proteins. Therefore, clarify-
ing the structure of (¥-c is the first step toward understanding
fish roe allergy.

This study therefore aimed to elucidate structural informa-
tion and immunological characteristics of chum salmon -
c. Vg mRNA was sampled from fresh livers of female chum
salmon, and 170 amino acid sequences corresponding to the
f"-c subunit were analyzed by cDNA cloning and sequencing.

Molecular characterization of salmon roe allergen

The primary structure and IgE-binding ability of recombinant
’-c were then examined by comparison with native p’-c.

Methods

Salmon roe and total RNA from liver

Chum salmon roe from fresh mature individuals (O. keta)
was washed with cold 0.16M NaCl and frozen at —60°C until
required. Liver for total RNA sampling was collected from a
mature female fish caught within 8h and was immediately
treated by RNAlater (Qiagen, Hilden, Germany).

Sera from patients allergic to salmon roe

Sera from patients diagnosed with salmon roe allergies were
used for this study. Patient clinical data are listed in Table 1.
Total and specific IgE levels were determined by the cap-
sulated hydrophilic carrier polymer-radioallergosorbent test
(CAP-RAST system; Phadia AB, Uppsala, Sweden). After
being stored at < —60°C for 2-12 months, the patients’ sera
were mixed with the same volume of phosphate-buffered
saline (PBS, pH 7.5) containing 0.2% NaN, and then stored
at 4°C until required. We confirmed that the specific IgE was
contained in all sample sera by ELISA using purified ’-c. The
study was approved by the local ethical committee, and all
subjects provided written informed consent before enroliment
in the study.

Preparation of 3’-c and its subunit components

-c was prepared from chum salmon roe according to the
method of Hiramatsu and Hara (20). Briefly, roes were homog-
enized in 0.5M NaCl and 20mM Tris=HCI (pH 8.0), and the
yolk protein extract was dropped into 10 x volumes of cold
distilled water. The precipitate generated in this step was col-
lected by centrifugation at 20 000 x g for 30 min, dissolved in
0.5M NaCl (pH 8.0), and the 67%-saturated ammonium sul-
fate precipitate was collected by centrifugation at 20 000 x
g for 30min. The precipitate was redissolved in 0.5M NaCl
(pH 8.0) and loaded onto a Sephacryl S-200HR column (GE
Healthcare, Piscataway, NJ, USA) to purify p’-c. The protein
fractions were detected at 280nm, and the concentration was
determined by the Biuret method (21). All steps were per-
formed at temperatures <5°C, and the purified proteins were
frozen at —30°C until required. The subunit components of
purified B’-c were separated with a preparative SDS-PAGE
system (AE-6750S, Atto Corp., Tokyo, Japan) in the presence
of 2-mercaptoethernol. The purified subunits were dialyzed

Table 1. Characteristics of allergic patients with hypersensitivity to chum salmon roe

Serum Age (years) Gender Total IgE (IU ml-") Specific IgE 1U mi-' (CAP-RAST score) Symptoms
Salmon roe Egg yolk Egg white

P1 1 Male 66 20.0 (4) 46 (2) 0.5 (1) AD

p2 6 Male 1017 18.9 (4) 25(2) 1.1(1) BA, OAS

P3 1 Male 221 35.9 (4) 4.0 (2) 0.7 (1) AD

P4 3 Male 337 84.2 (5) 26(2) 6.0 (3) Ur

P5 4 Male — >100 (6) — — AD, BA

AD, atopic dermatitis; BA, bronchial asthma; OAS, oral allergy syndrome; Ur, urticaria.
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against 1mM sodium bicarbonate, lyophilized, and stored at
—60°C until required.

SDS-PAGE analysis and immunoblotting

SDS-PAGE was performed according to the method of
Laemmli (22), using 4.5% and 12.5% polyacrylamide slab
gels for stacking and resolving gels, respectively. The protein
bands were stained with 0.25% Coomassie Brilliant Blue R
(Sigma Aldrich, St Louis, MO, USA) dissolved in 9% acetic
acid and 45% methanol. Proteins detected by SDS-PAGE
were transferred onto a polyvinylidene difluoride membrane
and reacted with the patient’'s serum (P1 in Table 1). The blot-
ting picture was gray scaled and reversed using a computer.

Circular dichroism spectroscopy

The circular dichroism spectrum of f-c (0.8mg ml-') was
measured at 25°C using a spectropolarimeter (J-725, Jasco
Inc., Tokyo, Japan).

Matrix-assisted laser desorption ionization time-of-flight
mass spectromelry

Mass spectrometry (MS) was performed using a matrix-
assisted laser desorption ionization time-of-flight (MALDI-
TOF) system (AB4700, Applied Biosystems Inc., CA, USA)
equipped with a 335-nm YAG laser in the reflection mode.
a-Cyano-4 hydroxycinnamic acid (a-CHCA) was used as the
matrix. Samples, desalted with a C18-micro column (ZipTip,
Millipore Corp., MA, USA) and dissolved in 50% acetonitrile
containing 0.1% trifluoroacetic acid, were spotted onto a
sample-target plate using the dry droplet method. The sam-
ple-coated plate was subsequently subjected to the MALDI-
TOF system under the positive ion mode, after applying a drop
of the matrix-only solution (10mg ml-" of a-CHCA dissolved in
acetonitrile-trifluoroacetic acid) to the sample droplet.

Molecular cloning of B’-¢ subunit cDNA

Vitellogenin is a precursor of p’-c as described in the
introduction, and the DNA sequences encoding major
yolk proteins in salmonids are located in the Vg gene in
the following order: NH,{Lv heavy chain)-(Pv)-(Lv light
chain)-(p’-c)-(C-terminal  peptide)-COOH (8). Although
we have no structural information about chum salmon
Vg, the N-terminal 20 amino acid sequence of chum
salmon p’-¢ was almost identical to that of rainbow trout

(A)
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(Oncorhynchus mykiss) p’-c (9), suggesting high simi-
larity of the primary structures. Thus, the partial base
sequence of rainbow trout Vg (European Molecular Biology
Laboratory: X92804) was used as a cloning reference
(23). The cDNA cloning strategy is shown in Fig. 1. Briefly,
the forward primer (5-CCCTGTTCTCTGCCATTTGA-3")
was designed upstream of the coding to the N-terminal
amino acid sequence of f’-c, and the reverse primer
(6"-CTGGGTGCTTCCTTCTGATA-3") was designed down-
stream from the sequence encoding the 170th amino acid
residue in order to cover the whole amino acid sequence
of the 18kDa subunit. ¢cDNA cloning was carried out as
described previously (24), with the exception of primer dif-
ferences. The nucleotide sequence was determined using
the DNA Sequencer 3130 (Life Technologies, Carlsbad,
CA, USA) after labeling the DNA with the BigDye Terminator
v3.1 Cycle Sequencing Kit (Life Technologies).

Carboxymethylation of §’-c

Native and recombinant p’-cs were carboxymethylated
according to the modified method of Crestfield et al. (25).
p’-c was dissolved in 20mM Tris-HCI (pH 8.5) containing 8 M
urea, 10mM 2-mercaptoethanol and 5mM EDTA, then incu-
bated for 3h at room temperature. The f’-c solution was then
treated by 10mM monoiodoacetic acid for 30 min with shak-
ing. After dialysis against 1TmM NaHCOQO,, the p’-c solution
was lyophilized and stored at —60°C until required.

Peptide mapping of native p’-c subunits

The 16kDa and 18kDa subunits of p’-c were digested with
lysyl endopeptidase (Wako, Osaka, Japan) dissolved in
20mM Tris-HCI (pH 8.0), endoproteinase Glu-C (Sigma
Aldrich) dissolved in 50mM PBS (pH 7.8) or trypsin (Sigma
Aldrich) dissolved in 20mM Tris-HCI (pH 8.0), at 1% of the
enzyme-to-substrate weight ratio and at 37°C for 2h. The
digested peptides were lyophilized, dissolved in 1% ace-
tonitrile containing 0.1% trifluoroacetic acid and then applied
to reverse-phase high-performance liquid chromatography
(HPLC) on Mightysil RP-18 GP columns (4.6 x 250 mm: Kanto
Chemical Co., Inc., Tokyo, Japan). Columns were eluted at
a flow rate of 1.0ml min-' by a linear gradient of acetoni-
trile (1%-60% in 120min) containing 0.1% trifluoroacetic
acid. Peptides were monitored at 228 nm with a UV detec-
tor. Digested peptides fractionated with HPLC thus obtained

5/ e EE

5bp  primer

Fig. 1. DNA sequences encoding major yolk proteins located in the vitellogenin gene (A) and cDNA cloning strategy for the expression of p’-

component subunit gene (B).
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were subjected to the automatic Edman sequence analyzer
(Procise 492, Perkin Elmer, Waltham, MA, USA) to identify the
amino acid sequences. Up to 20 residues from the N-terminus
were detected in this experiment.

Preparation of recombinant 3’-c subunit (Rsub)

The coding region of §-c was amplified by RT-PCR using the
forward primer (5-TTAGGATCCGAAGTCAACGCAGT-3"),
reverse primer (5-TTAGGCAAAGCTGACTGAGCTCT-3")
and PrimeSTAR™ HS DNA polymerase (Takara Bio Inc.,
Shiga, Japan). The ampli-fied fragment was then inserted
into the BamH | and Sma | sites of the pGEX-6P-1 vector
(GE Healthcare). The vector was transformed into competent
Escherichia coli [BL.21 (DE3), Nippon Gene Co., Ltd, Tokyo,
Japan], which were cultured in Luria—Bertani medium (1%
tryptone, 0.5% yeast extract, 1% NaCl) containing 50 ng ml-*
ampicillin. The expression of the glutathione-S-transferase
(GST)-fused protein was induced by 1.0mM isopropyl-f-
thiogalactosidase at 37°C for 3h, and the cultured E. coliwere
sonicated with a detergent buffer (0.05% sodium deoxycholic
acid-1% Triton X-100). After adding Benzonase (Novagen
Inc. Madison, Wi, USA) on ice and removing the residues
by centrifugation at 10 000 x g for 10min, Rpsub was puri-
fied by running the supernatant through a GSTrap HP col-
umn (GE Healthcare). Cleavage between GST and Rpsub
was performed using PreScission protease (GE Healthcare)
within the column, and elution was carried out by PBS (pH
7.4). Expression and purification of Rsub were confirmed by
SDS-PAGE under reducing conditions, immunoblotting using
rabbit anti-p’-component serum and measuring the N-terminal
amino acid sequence. Rf3sub thus obtained was concentrated
by ultrafiltration and stored at —80°C until required.

Quantitative evaluation of f’-c IgE-binding ability

The inhibiting effect of recombinant p-c on the reaction
between native (’-c (solid-phase antigen) and the specific IgE
in patients’ sera was evaluated using competitive ELISA to eval-
uate the IgE-binding ability (9). Carboxymethylation-induced
dissociation of the two native f’-c subunits was also examined
to investigate the IgE-binding ability of the subunits. The IgE-
binding ability of the proteins was evaluated by measuring flu-
orescence intensity using a p-galactosidase-conjugated rabbit
anti-human IgE antibody (American Qualex Manufactures, San
Clemente, CA, USA) and 4-methylliferyl-p-p-galactoside with
excitation at 365nm and emission at 450 nm.

Resulis

Structural information of p’-c and its reactivity to specific IgE
in serum of allergic patients '

The molecular weight of ’-c purified from yolk protein extract
[Fig. 2(1), Lane A] revealed a major 35kDa and a minor
16kDa band in SDS-PAGE analysis under non-reducing
conditions [Fig. 2(1), Lane B], and the two subunit compo-
nents (16kDa and 18kDa) were confirmed under reducing
conditions (lane C). Both subunits were completely sepa-
rate and collected with the polyacrylamide gel preparative
electrophoresis system (Lanes D and E) and were capable
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Fig. 2. Molecular characteristics of B-c. (1) SDS-PAGE patterns of
yolk protein and f’-c and their IgE reactivity in immunoblotting. Whole
yolk proteins extracted with 0.5M NaCl (pH 8.0) (A), native f’-c (B,
C), 16kDa and 18kDa subunits of ’-c (D, E) were electrophoresed.
Samples were loaded under reducing (A, C, D, E, F) or non-reducing
(B) conditions. f’-c was immunoblotted using patient’s (F) and con-
trol (G) sera. The 16kDa and 18kDa subunits of ’-c were prepared
using the preparative SDS-PAGE system in the presence of 2-mer-
captoethernol. (2) CD spectrum of native §’-c.

of binding the specific IgE in the serum from the patient aller-
gic to chum salmon (lane F). These results indicate that IgE-
binding sites exist in both subunits of §’-c that are covalently
cross-linked with disulfide bonds. Both N-terminal amino acid
sequences of the B’-c subunits (Lanes D and E) were identi-
cal to EVNAVKCSMVGDTLTTFNNR, indicating the similarity
of their primary structures.

As shown in Fig. 2(2), the CD spectrum of native f’-c
showed only a clear negative peak at 216nm, suggesting
[’-c contains only B-pleated sheet as a regular structure.

As presented in Fig. 3, the MALDI-TOF mass spectrum
of native p-c showed a single peak (M/Z, 36 395) with a
small shoulder (M/Z, around 35 200), and two signals were
observed in carboxymethylated f’-c (the increment of the
molecular mass of each B’-c subunit by carboxymethylation
was 290, because they contained five cysteine residues).

¢DNA cloning and deduced amino acid sequence of §'-c

cDNA cloning of the partial base sequence of Vg was per-
formed to determine the primary structure of f’-c according
to the method shown in Fig. 1. Three 579-bp cDNA fragments
were obtained, and their deduced amino acid sequences
(Cp1, Cp2 and CB3) consisted of 170 amino acid residues
as shown in Fig. 4. The deduced N-terminal 20 amino acid
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sequences (EVNAVKCSMVGDTLTTFNNR) were consistent
with those of the purified 16kDa and 18kDa subunits shown
in Fig. 5. On the other hand, C1 and Cp3 differed by a single
amino acid at position 1561. Seven differences in amino acid
residues at positions 88, 90, 94, 101, 103, 104 and 151 were
also found between Cf31 and Cp2. The sequences have been
deposited in the DNA Data Bank of Japan under accession
numbers AB474573, AB474574 and AB560769, respectively.

Each of the amino acid sequences had a deduced molecu-
lar mass of about 19kDa (CB1: 19 108Da; Cp2: 19 099Da;
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Cp3: 19 131Da). The C-terminus of the p’-c subunits could
not be clarified by cDNA cloning as f-¢ is a cleavage frag-
ment of Vg in fish egg yolk. However, it was apparent that
the obtained amino acid sequence contains the 16kDa and
18kDa subunits.

Determination of the amino acid sequence of f’-c subunits

The 16kDa subunit was digested by three kinds of proteases,
and the digested peptides were loaded onto reverse-phase
HPLC. The 17 peptide peaks (a-g in Fig. 5) were collected
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Fig. 3. Molecular mass distribution of 3*-c. Native (A) and carboxymethylated p’-cs (B) were applied to the MALDI-TOF system.
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Fig. 4. cDNA sequences of chum salmon p’-c and deduced amino acid sequences. Accession numbers (DNA Data Bank of Japan nucleotide
sequence database) are shown and the deduced amino acid sequences from the cDNAs are represented as CB 1, Cf32 and Cj3. Shaded bases

and amino acids in Cp2 and Cp3 differed from those of C31.
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and subjected to amino acid sequential analysis, and their
determined N-terminal sequences were found in the deduced
amino acid sequences shown in Fig. 4. Consequently, we
identified the locations of the 17 peptides in the primary
structure of the 16kDa subunit, as shown in Fig. 5, and the
121 amino acid residue sequence was almost consistent with
that of CBs, except for three residues in peptide a (57D), pep-
tide p (64M) and peptide m (140G).

Following tryptic digestion, the peptide chromatogram of
the 18kDa subunit resembled that of the 16kDa subunit as
shown in Fig. 5 (chromatograms). Additionally, as shown
in the peptide mapping, the amino acid sequences of the
18kDa subunit peptides (r-z) were almost consistent with
those of the peptides from the 16kDa subunit, except for
three residues (88N, 94E and 128G), whereas 88N and 94E
were consistent with the deduced amino acids from Cp2.
These resulis indicate the high structural similarity between
the 16kDa and 18kDa subunits.

Comparison of the IgE-binding ability between native and
recombinant (¥’ -c subunits

The recombinant p’-c subunit (Rpsub) based on CB3 was
subjected to competitive ELISA using serum from patients
allergic to salmon roe (P2-P5 in Table 1), and the IgE-
binding ability of RBsub was compared with that of native
p’-c [Fig. 6(A)]. Apparently, Rpsub inhibited the reaction
between native ’-c and the specific serum IgEs, and Rpsub
completely inhibited the IgE-binding between native p-c
and the specific serum IgEs at the high protein concentra-
tions (>0.01 pg ml-"). Additionally, inhibition effect of Rgsub
was not significantly different from that of §’-c at the same
protein concentration. Carboxymethylated p’-c (16kDa and
18kDa subunits mixture) also showed the same inhibitory

Molecular characterization of salmon roe allergen
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effect as carboxymethylated Rpsub, and the inhibition rate
of both carboxymethylated proteins was larger than 80% at
1 pg mi~* [Fig. 6(B)]. These results indicate that the 16 kDa
and 18kDa subunits have a similar level of IgE-binding
ability.

On the other hand, the competitive ELISA-curves of native
p’-c and Rpsub [Fig. 6(A)] were shifted to the right side of
the figures by carboxymethylation [Fig. 6(B)], and the ELISA-
curves of native ’-c were markedly shifted to the right side
rather than that of Rbsub except for the case of P2. These
changes in the competitive ELISA-curves indicate that the
carboxymethylation diminished the IgE-binding ability of the
proteins, particularly native §’-c.

Discussion

Structural determination of an allergen is the first step toward
understanding its sensitization as most IgEs that induce
food allergies bind to allergens by recognizing their specific
amino acid sequences. In this work, the primary structure of
two subunits of p’-¢c was investigated by cDNA cloning and
peptide mapping. The 16kDa and 18kDa subunits were
purified and subjected to the peptide mapping, separately.
Consequently, the sequences of 170 amino acid residues
were obtained (Fig. 4) and matched with the sequences of
121 residues in the 16kDa subunit and 88 residues in the
18kDa subunit (Fig. 5).

As described above, the DNA sequences encoding major
yolk proteins are located in the Vg gene. Since the gene
encoding f’-c does not exist independently and the struc-
ture of the C-terminal peptide located downstream of f’-c
was not identified, the C-terminus of p’-c was not disclosed in
this work. However, the entire amino acid sequences of both
subunits of native p’-c shown here appear to be covered by

100}
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Inhibition rate (%)
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Fig. 6. Inhibitory effect of recombinant §’-c on the reaction between specific IgE and native p’-c. (A) Serum from four patients allergic to salmon
roe (P2-P5) were mixed with recombinant (RBsub) and native §’-cs as inhibitors in a competitive ELISA. (B) The inhibitors were carboxymethyl-
ated before examining the competitive ELISA. The ELISA plates were coated with native f’-c.
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the deduced amino acid sequences (Cf1, C2, CB3) as their
molecular mass was calculated to be 19kDa.

The authors have successfully detected five kinds of
sequential IgE epitopes in f’-c in continuing research (data
not shown), and the identified IgE epitopes did not contain
the substituted amino acid sequences among the isoforms
shown in Fig. 4. Therefore, the allergenicity of 3-isoform
recombinants might be identical to each other.

Vg consists of two disulfide-bonded heavy chains, and
enzymatic degradation during oocyte growth generates p-c
(8). Although there is no information about cysteine pairs
involving in dimerization of p’-c, we suggest that, follow-
ing cleavage, the fragments of Vg heavy chains, that is the
16kDa and 18kDa subunits of f’-c, connect with disulfide
bonds as shown in Fig. 2(1) (Lane B, C). HPLC elution pat-
terns of the tryptic-digested peptides derived from the 16kDa
and 18kDa subunits were quite similar, as shown in Fig. 5.
Moreover, the peptides contained in the peaks with identical
elution times (0 and w, g and z) were consistent, excluding
only two amino acid residues between the 16kDa subunit
(121 residues) and the 18kDa subunit (88 residues). These
results clearly indicate that native §’-c is a homodimer protein
composed of two isoform subunits. Thus, the 16kDa subunit
appears to be a subfragment of the 18kDa subunit lacking
the C-terminal region.

When the secondary structure of the f’-c subunit was pre-
dicted from the deduced amino acid sequence using the
computer programs Jpred 3 (26) and PROF-sec (27), approx-
imately half of the entire structure was shown to be com-
posed of B-pleated sheets with no a-helices (Supplementary
Figure S1 is available at International Immunology Online).
Additionally, the CD spectrum of native f’-c [Fig. 2(2)] agreed
with these predicted characteristics. Such a high content of
-pleated sheets and a homodimer structure may contribute
to the observed high thermal stability of p’-c, in which the
water solubility remained unchanged after heating at 98°C for
20min (data not shown).

Figure 6 showed that the 16kDa and 18kDa subunits of
native p’-c have an equal IgE-binding ability. Thus, a slight dif-
ference in the primary structure between the isoforms and the
absence of a C-terminal region in the 16kDa subunit seems
to have no effect on the allergenicity of p’-c. Furthermore, the
reaction between native §-c and the specific Igk was effec-
tively suppressed by carboxymethylated f’-c and RBsub.
This result, although structural IgE epitopes may be recon-
structed with refolding of Rfsub, suggests that sequential IgE
epitopes are more likely to be involved in sensitization to f’-c
in salmon roe allergies than structural IgE epitopes.

On the other hand, the IgE-binding abilities of p-c and
Rpsub were impaired by the carboxymethylation. These
changes were presumably caused by -loss of structure
epitopes with collapse of the subunit structure of native p’-c
or by the modification of cysteine residues in sequential
epitopes.

Itis unclear which of higher order structure or internal struc-
ture of B’-c participates in the structural IgE epitopes. Further
structural information of native and recombinant proteins
before and after carboxymethylation is required to clarify this
issue, and these discussions could contribute to identifying
IgE epitopes in p-c.

Molecular characterization of salmon roe allergen

In oviparous animals including fish and birds, Vg is mainly
fragmented to Lv, Pv and specific proteins such as p’-c in
teleost fish (7, 8) and 40kDa glycoprotein in chicken (Gallus
gallus) (28). However, no amino acid sequence of ’-c clari-
fied in this study was found out in chicken Vg (Accession
number: D89547, M18060) (29), indicating that no protein
with a similar structure to f’-c exists in hen’s egg proteins.
Additionally, the patients’ sera containing specific IgE with
strong reactivity to native f’-c and Rfsub (Fig. 6) showed little
IgE reactivity against chicken egg yolk and white proteins as
presented in CAP-RAST (Table 1). These results support the
previous study (10) that denied the existence of IgE cross-
reactivity between fish roe and hen egg.

Since some substitutions of amino acid residues were
observed between the deduced amino acid sequences and
the digested peptides, as shown in Fig. 5, the two subunits
prepared by preparative electrophoresis could contain their
own isoforms. Buisine et al. (30) reported that the Vg gene of
salmonid fish forms a complex Vg gene cluster and that the
Oncorhynchus group including chum salmon contains 28-30
Vg genes. The reason for the difference in molecular mass
between f’-¢c subunits might be variations in enzyme cleav-
age sites as a result of the slight difference in the C-terminal
amino acid sequences. In MALDI-TOF-MS, one major sig-
nal (M/Z, 36,395) with a shoulder part on the low-molecu-
lar-weight side was observed in native p’-c. Additionally, in
carboxymethylated B’-c, the 18 kDa subunit was shown as a
broad and tailing signal (M/Z, 18 068) compared with 16 kDa
subunit (M/Z, 17 269). Since only one type of amino acid
sequence was observed in the N-terminus of f’-c subunits
as shown in Fig. 5, the results of MALDI-TOF-MS suggest that
native (’-c contains an 18kDa subunit having different cleav-
age sites at the C-terminal side.

In conclusion, B’-c, a major allergen in chum salmon roe,
is a homodimer protein composed of two isoform subunits
having the same level of IgE-binding ability. These findings
are critical data for identifying conformational IgE epitopes
and for understanding allergenic cross-reactivity among fish
roes. An attempt to identify conformational IgE epitopes is
in progress using the structural information obtained in this
study.

Supplementary data

Supplementary data are available at International Immunology
Online.
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Abstract

The World Allergy Organization (WAO) Guidelines for the as-
sessment and management of anaphylaxis are a widely dis-
seminated and used resource for information about anaphy-
laxis. They focus on patients at risk, triggers, clinical diagno-
sis, treatment in health care settings, self-treatment in the
community, and prevention of recurrences. Their unique
strengths include a global perspective informed by prior re-
search on the global availability of essentials for anaphylaxis
assessment and management and a global agenda for ana-
phylaxis research. Additionally, detailed colored illustrations
are linked to key concepts in the text [Simons et al.: J Allergy

Clin Immunol 2011;127:593.e1-e22]. The recommendations
in the original WAO Anaphylaxis Guidelines for manage-
ment of anaphylaxis in health care settings and community
settings were based on evidence published in peer-re-
viewed, indexed medical journals to the end of 2010. These
recommendations remain unchanged and clinically rele-
vant. An update of the evidence base was published in 2012
[Simons et al.: Curr Opin Allergy Clin Immunol 2012;12:389-
399].In 2012 and early 2013, major advances were reported
in the following areas: further characterization of patient
phenotypes; development of in vitro tests (for some aller-
gens) that help distinguish clinical risk of anaphylaxis from
asymptomatic sensitization; epinephrine (adrenaline) re-
search, including studies of a new epinephrine auto-injector
for use in community settings, and randomized controlled
trials of immunotherapy to prevent food-induced anaphy-
laxis. Despite these advances, the need for additional pro-
spective studies, including randomized controlled trials of
interventions in anaphylaxis is increasingly apparent. This

© 2013 S. Karger AG, Basel
1018-2438/13/1623-0193$38.00/0

KARGER

E-Mail karger@karger.com
www.karger.com/iaa

Correspondence to: Prof. F. Estelle R. Simons

Department of Pediatrics and Child Health and Department of Immunology
Faculty of Medicine, University of Manitoba, Room FE125

820 Sherbrook Street, Winnipeg, MB R3A 1R9 (Canada)

E-Mail Imcniven @hsc.mb.ca

- 169 -

140.193.56.115 - 10/2/2013 9:34:18 PM

Downioaded by:



2013 Update highlights publications from 2012 and 2013
that further contribute to the evidence base for the recom-
mendations made in the original WAO Anaphylaxis Guide-
lines. Ideally, it should be used in conjunction with these
Guidelines and with the 2012 Guidelines Update.

© 2013 S. Karger AG, Basel

Introduction

The World Allergy Organization (WAO) Guidelines
for the Assessment and Management of Anaphylaxis (sub-
sequently referred to in this publication as the ‘WAO Ana-
phylaxis Guidelines’ or ‘the Guidelines’) were published in
early 2011 [1]. The recommendations made in the Guide-
lines remain unchanged and relevant. In this 2013 Update,
aresource intended for use in conjunction with the Guide-
lines and the 2012 Guidelines Update [2], we highlight
~ major advances in anaphylaxis research published in 2012
and early 2013, thereby strengthening the evidence base
for the recommendations made in the Guidelines [1].

Some of the unique aspects of the WAO Anaphylaxis
Guidelines are summarized in table 1. These Guidelines
were preceded by a survey of the global availability of es-
sentials for the assessment and management of anaphy-
laxis. They focus on vulnerable patients, risk factors for
severe or fatal anaphylaxis, and cofactors that amplify
anaphylaxis. They include information on mechanisms
and triggers. They emphasize prompt clinical diagnosis
and prompt initial treatment that can be carried out even
in a low-resource setting, as well as anticipatory long-
term management of patients at risk of anaphylaxis recur-
rence [1].

In 2012, the WAO Anaphylaxis Guidelines and Guide-
lines-related materials such as posters and pocket cards
that promulgate the main concepts of the Guidelines were
widely disseminated (table 2). The posters and pocket
cards were translated into many different languages [2].
In 2013, a patient information card based on the principles
of prompt clinical diagnosis, prompt initial treatment,
self-treatment in community settings, and prevention of
recurrences was developed and disseminated [1, 3].

Epidemiology of Anaphylaxis

Retrospective studies of anaphylaxis have been report-
ed from many countries and a variety of settings, includ-
ing the community, allergy clinics, emergency depart-
ments: (ED), hospital wards, and critical care units [1, 2,

194 Int Arch Allergy Immunol 2013;162:193-204
DOI: 10.1159/000354543 i

Table 1. Unique aspects of the 2011 WAO Anaphylaxis Guidelines

- Preceded by a published survey of global availability of
essentials for assessment and management

- Provide a global perspective on anaphylaxis

- Developed in response to absence of global anaphylaxis
guidelines®

- Developed without corporate funding

- Include evidence-based recommendations

- Cite 150 references, most published from 2006 to 2010 in
indexed, peer-reviewed journals

- Include color illustrations linked to the key concepts in
the text

- Highlight the role of the allergy/immunology specialist

- Propose a global agenda for anaphylaxis research

2 ... and absence of national anaphylaxis guidelines in most
countries; the WAO Anaphylaxis Guidelines were intended for use
not only in countries without guidelines but also as an additional
resource in countries with their own national guidelines. Adapted
from Simons et al. [1].

Table 2. Dissemination of the WAO Anaphylaxis Guidelines and
related materials

- Co-publication (open access) in: The Journal of Allergy and
Clinical Immunology and in the
World Allergy Organization Journal

- Posted on the WAO website and on WAO member society
websites

- Summary posters and pocket cards translated into many
languages®

~ Presented at meetings worldwide, including plenary sessions
at AAAAT, EAACI, and WAO congresses

- Used in undergraduate and postgraduate medical courses

- Used in other specialty areas®

- Used in primary care and allied health

- Update of the evidence base published in 2012 in
Current Opinion in Allergy and Clinical Immunology

- Patient information card developed and disseminated in 2013

AAAAI = American Academy of Allergy Asthma and Immu-
nology; EAACI = European Academy of Allergology and Clinical
Immunology. * Including Arabic, French, German, Italian, Japa-
nese, Polish, Portuguese, Russian, Spanish, and Turkish. ® Includ-
ing sports medicine and the 2012 Olympics (by the Therapeutic
Use Exemption Committee).

4-8]. These studies improve our understanding of ana-
phylaxis epidemiology and facilitate hypothesis genera-
tion. Analysis of standardized clinical data collected from
a cohort of 2,012 adults and children with well-defined
anaphylaxis is an important step forward and sets the
stage for prospective studies [4].
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Few epidemiologic studies to date have examined the
incidence of anaphylaxis in the general population. Inves-
tigators in Spain used electronic medical records from
primary care clinics, allergy clinics, ED visits, and hospi-
talizations, and tracked patients with anaphylaxis across
different clinical settings. The incidence rate of 103 epi-
sodes per 100,000 person-years was higher than previ-
ously reported, with a peak of 314 episodes per 100,000
person-years in the age group 0-4 years [5].

Limited data have been published to date on the epi-
demiology of anaphylaxis in low- and middle-income
countries. Investigators in Turkey used a novel 2-stage
approach involving International Classification of Dis-
ease (ICD)-10 codes with additional analysis of clinical
codes to extract data on patients admitted with a record-
ed primary diagnosis of anaphylaxis to all 45 hospitals in
Istanbul. Overall, 1.95 cases of anaphylaxis per 100,000
person-years were reported, likely an underestimate [6].

In a 5-year retrospective study of all patients seen in
the ED of a community hospital, involvement of multiple
organ systems or a history of ED visits for anaphylaxis
were among the factors contributing to higher admission
rates [7].

Anaphylaxis admissions to UK critical care units are
increasing year on year, constituting 0.1% of admissions
to pediatric units and 0.3% of admissions to adult units.
Survival rates are high, at over 90% [8].

Anaphylaxis is sometimes difficult to diagnose post-
mortem [2]. Brazilian data call attention to the inadequa-
cies of ICD-10 coding for ascertainment of death due to
anaphylaxis [8]. Of 498 fatalities, 75% were definitely at-
tributable to anaphylaxis according to established criteria
[4]. In order to identify these deaths, the investigators had
to consider information from both ICD-10 underlying
cause of death fields and ICD-10 contributing cause of
death fields. They recommended standardization of cod-
ing definitions in order to facilitate international com-
parisons and trend analyses [9].

Patient Risk Factors

As highlighted in previous WAO Anaphylaxis Guide-
lines publications [1, 2], for different reasons, infants,
teenagers, pregnant women, and the elderly have in-
creased vulnerability to anaphylaxis. Concomitant dis-
eases, such as severe or uncontrolled asthma, cardiovas-
cular disease, and mastocytosis, and concurrent use of
some medications increase the risk of severe or fatal ana-
phylaxis [1, 2].

2013 Update: WAO Anaphylaxis
Guidelines

Different anaphylaxis triggers (elicitors, causes) pre-
dominate in different age groups. Among 24,443 adults
(mostly nonatopic, 80% female) with a mean age 42 years
(range 16-83) admitted to a tertiary health care facility,
516 (2%) were diagnosed with anaphylaxis. Drugs were
by far the most common trigger (91% of cases) [10]. In
contrast, in two ED studies in adults with an age of 51 +
16.9 years (mean + SD) [11] and 44.3 years (interquartile
range 32-58) [12], respectively, food triggers were as
common as drug triggers, followed by venom triggers.

Most infants and young children with anaphylaxis are
atopic and most episodes in this age group are triggered
by food. In a retrospective study of 371 infants, children,
and teenagers with acute allergic reactions to food, the
importance of underlying asthma was confirmed. During
anaphylaxis, 72% of those with concomitant asthma had
lower airway symptoms, compared with only 49% of
those without concomitant asthma (p < 0.01) [13].

Reports of fatal anaphylaxis to food have a similar pat-
tern worldwide. In Israel, 4 young patients died after in-
gesting small amounts of milk (n = 3) or hazelnut (n=1)
to which they had previously experienced allergic reac-
tions. Although all patients had concurrent asthma for
which an inhaled bronchodilator had been prescribed,
none were on a controller medication [14].

The relationship between mast cell activation disor-
ders and anaphylaxis has been further elucidated [15]. In
children with cutaneous mastocytosis, a combination of
extensive skin involvement (more than 90% of body sur-
face area) and elevated baseline serum total tryptase con-
centrations (mean 45.5 + 5.2 pg/l) predicted severe mast
cell mediator-related symptoms and signs requiring hos-
pitalization and in some cases critical care unit admission
[16].

The importance of systemic mastocytosis as a risk fac-
tor for severe Hymenoptera sting-induced anaphylaxis
and venom subcutaneous immunotherapy (SCIT)-in-
duced anaphylaxis cannot be overemphasized [1, 2, 17,
18]. The association between drug-induced anaphylaxis
and undetected mast cell disease is not as strong; never-
theless, examination for skin signs of mast cell disorders
and measurement of baseline tryptase concentrations is
recommended in these patients [19]. Elevated baseline
tryptase concentrations do not appear to be a risk factor
for anaphylaxis from SCIT with airborne allergens [20].

An observational cohort study of patients with Hyme-
noptera venom anaphylaxis confirmed significant con-
tributing factors to be: elevated baseline tryptase concen-
trations, older age, absence of urticaria or angioedema
during anaphylaxis, and symptom onset within 5 min af-
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ter a sting; however, in this study, no significant relation-
ship with B-blocker use or angiotensin-converting en-
zyme (ACE) inhibitor use was identified [18].

In an ED study of anaphylaxis, use of any antihyper-
tensive medication (B-blocker, ACE inhibitor, calcium
channel blocker, angiotensin-receptor blocker, or diuret-
ic) was associated with severe episodes involving three or
more organ systems, syncope, hypoxia, or hypotension,
and increased likelihood of hospitalization. This associa-
tion occurred independently of age, gender, preexisting
lung disease, or suspected trigger [12].

Cofactors, many of which are patient related, are rel-
evant in anaphylaxis [1, 2]. The possibility of cofactor am-
plification of anaphylaxis should be considered when as-
sessing reactions to foods, nonsteroidal anti-inflammato-
ry drugs (NSAIDs), exercise, and alcohol [21]. Pollinosis
has been identified as an external cofactor on the basis of
peak hospital admissions for anaphylaxis during the tree
pollen season (p = 0.015) [13].

Triggers and Mechanisms

Descriptions of new anaphylaxis triggers and im-
proved methods of confirming triggers suggested by the
history of the episode have a prominent place in the 2013
Update, as in the 2012 Update [2].

Food

Children who were clinically reactive to peanut (in-
cluding those with anaphylaxis) had higher specific IgE
levels to Ara h 1, Ara h 2, and Ara h 3 than asymptom-
atic peanut-sensitized children did (p < 0.00001). Elevat-
ed specific IgE to Ara h 2 was the major contributor to
accurate discrimination between clinical reactivity to
peanut and asymptomatic sensitization to peanut (99.1%
sensitivity, 98.3% specificity, and 1.2% misclassification
rate) and had a higher discriminative accuracy than IgE
to whole peanut extract (p = 0.008) [22].

Short-chain low molecular weight galacto-oligosac-
charides with prebiotic effects that are added to some
cow’s milk formulas have been identified as a new trigger
of IgE-mediated anaphylaxis in patients presenting at a
median age of 6 years [23].

In tropical climates, orally ingested mites that contami-
nate wheat flour can trigger anaphylaxis even after cooking
(the so-called ‘pancake syndrome’) and also play a role in
food-dependent exercise-induced anaphylaxis [24].

In a prospective study, most patients allergic to red
meat were sensitized to gelatin, and a subset was clini-
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cally allergic to both red meat and gelatin. The detection
of galactose-a 1,3-galactose (a-gal) in gelatin, and corre-
lation between the results of a-gal and gelatin testing,
raised the possibility that a-gal-specific IgE might be the
target of reactivity to gelatin [25].

In a cross-sectional validation study in 99 fish-tolerant
patients and 35 Anisakis simplex-allergic patients, in ad-
dition to use of commercially available allergens in skin
prick tests and the ImmunoCap assay, testing with 5 re-
combinant Anisakis allergens (Ani s 1, Anis 3, Ani s 5,
Anis 9, and Ani s 10) retained high diagnostic sensitivity
and increased diagnostic specificity [26].

Anaphylaxis to food typically occurs after ingestion [1,
2]; however, it can also occur after skin contact with vom-
ited food such as egg and milk [27], or inhalation of min-
ute food particles; for example, sleeping on pillows stuffed
with soy products can cause nocturnal anaphylaxis in
soy-sensitized patients [28].

In wheat-dependent exercise-induced anaphylaxis,
IgE antibodies to recombinant omegas-gliadin are detect-
able in more than 80% of patients. In their absence, it can
be helpful to determine IgE reactivity to other wheat pro-
teins such as a-B-y-gliadin (especially y-gliadin) and high
molecular weight glutenin [29, 30].

Venoms

True double positivity to bee and vespid venoms is dif-
ficult to distinguish from cross-reactivity to these venoms
[1]. Only 47% of 76 patients with double positivity to whole
bee and wasp (yellow jacket) venoms reacted to recombi-
nant species-specific major allergens (rSSMA) from both
of these species. The specificity of IgE to rSSMA was excel-
lent, especially for wasp venom [31]. In another study,
component-resolved diagnosis with wasp-specific recom-
binant allergen components Ves vIand Ves v 5 was a reli-
able method of diagnosing wasp/yellow jacket allergy [32].

Drugs and Biologic Agents

In a retrospective review, anaphylaxis comprised 6%
of 16,157 adverse drug reactions and was reported in pa-
tients 7 days to 91 years old. Of these patients, 19% were
hospitalized and 3% died. Antibiotics, NSAIDs, antineo-
plastics/cytotoxic drugs, and immunomodulators were
the most common triggers [33].

Proton pump inhibitor administration might increase
the risk of developing any drug hypersensitivity. In 161
hospitalized patients, after controlling for confounders,
the odds ratio of confirmed drug hypersensitivity was
4.35 (95% CI 2.0-9.45) in those receiving a proton pump
inhibitor compared with matched controls. A personal
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history of drug allergy and a long hospitalization time
were also significant risk factors [34].

Some patients with clinical reactivity to paracetamol
(acetaminophen) may have positive immediate skin tests
to the drug, indicating involvement of specific IgE; how-
ever, negative skin tests do not exclude paracetamol hy-
persensitivity, which can also be mediated through leu-
kotrienes or other mechanisms [35].

In a 10-year audit of anaphylaxis to muscle relaxants,
20% of 220 patients had positive intradermal tests to the
muscle relaxant given during their surgical procedure,
most commonly rocuronium or suxamethonium; 65% of
those reacting to rocuronium and 29% of those reacting
to suxamethonium had cross-reactivity to another mus-
cle relaxant [36].

Biological agents are immunogenic and can cause ana-
phylaxis [1]. Tmmediate infusion reactions’ attributed to
rituximab, a common culprit, are usually attributed to cy-
tokine release syndrome; however, rituximab can also be
associated with anaphylaxis, rituximab-specific IgE, and
rituximab-specific Th2 cells [37].

Other Triggers

In patients with a history of clinical reactivity to latex,
latex-specific IgE assays remain useful, although they
have a lower sensitivity than previously reported and
should not be used for screening the general population
[38]. In contrast, in patients with pollinosis who have no
history of clinical reactivity to latex, commercially avail-
able latex-specific IgE assays are often positive but may
not be clinically relevant [39].

Multiple food hypersensitivity was a hallmark of 82
Ttalian patients with food-dependent, exercise-induced
anaphylaxis. When evaluated using skin prick tests, prick-
prick tests, and specific IgE levels, including an 89-aller-
gen microarray, 96% were positive to one or more foods
and 60% to more than 20 foods; 78% were positive to
peach lipid transfer protein Pru p 3 [40].

Rarely, women develop anaphylaxis to human seminal
plasma and human prostate-specific antigen [1]. Cross-re-
activity of this allergen with the newly identified dog dan-
der allergen Can f 5 appears to be clinically relevant [41].

Based on a PubMed search, 4 genera of helminths are
now reported to be associated with anaphylaxis. In addi-
tion to Echinococcus species and Anisakis species, these in-
clude Taenia solium cysticerosis and Ascaris species [42].

Anaphylaxis after skin contact with chemicals such as
the persulfate in hair-bleaching products is rare, and the
mechanisms have not yet been elucidated [43].

2013 Update: WAO Anaphylaxis
Guidelines

Clinical Diagnosis

Use of validated clinical criteria can be helpful in mak-
ing the diagnosis of anaphylaxis [1-3]. Based on stan-
dardized data collected from 2,012 patients with severe
respiratory or cardiovascular involvement in anaphylax-
is, symptom profiles support the identification of patient
risk factors, because they are impacted by age and comor-
bid disease in addition to triggers. In elderly patients, car-
diovascular symptoms and medication or stinging insect
triggers are typical. In young patients, respiratory symp-
toms, atopy, and food triggers are typical [5].

In a 10-year retrospective study, shock was document-
ed in 41% of 294 patients with anaphylaxis, typically in
elderly patients with initial symptoms of syncope, dizzi-
ness, and cyanosis after exposure to radiocontrast media
or drugs. Patients without shock (59% of the total) tended
to be younger, had no initial cardiovascular symptoms,
and reported food triggers [44].

In infants and children with anaphylaxis, hypotension
is an uncommon initial manifestation [1], typically only
occurring in severe episodes. During a prospective study
of medically-supervised open food challenges in 80 chil-
dren [median age 5.3 years (range 1.5-16)], a systolic
blood pressure decrease greater than 30% was measured
in only one child with anaphylaxis symptoms [45].

Uterine breakthrough bleeding and contractions can
occur in women with anaphylaxis to honey bee venom, or
to SCIT with honey bee venom. This is attributed to
melittin, a venom component that interferes with com-
plement cleavage and bradykinin release [46].

Clinical diagnosis of anaphylaxis is based on consider-
ation of the patient’s presenting symptoms and signs and
on ruling out other sudden-onset multisystem diseases.
The differential diagnosis includes common disorders
such as acute asthma or acute urticaria [1, 2]. It also in-
cludes uncommon disorders in which, as in anaphylaxis,
delay in making an accurate diagnosis and initiating ap-
propriate treatment can lead to death. As an example, in
fatal attacks of hereditary angioedema due to Cl1-esterase
inhibitor deficiency, the predyspneic phase lasts 3.7 h
(range 0-11); however, the dyspneic phase lasts only 41
min (range 2-240) and the loss of consciousness phase
lasts only 8.9 min (range 0-20) [47].

Role of Laboratory Tests

Results of laboratory tests performed on blood sam-
ples taken during anaphylaxis can be useful in some pa-
tients for subsequently confirming the diagnosis [1, 2]. In
a prospective study in adults, serum total tryptase con-
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centrations were measured sequentially 1-2,4-6,and 12—
24 h after the onset of anaphylaxis symptoms and at base-
line (follow-up). In 62% of the patients, initial tryptase
levels were elevated (mean 19.3 + 15.4 pg/l) with positive
correlation between grades of severity and tryptase levels
(p <0.001, r = 0.49) [48].

In early infancy, the normal reference range for base-
line tryptase concentrations differs from the normal ref-
erence range in older infants, children, and adults. In
nonatopic infants under 3 months of age, the median
baseline tryptase concentrations were 6.1 + 3.5 pg/l. In
atopic infants under 3 months of age, the median baseline
tryptase concentrations were 14.3 + 10.2 pg/l. Levels
gradually decreased during the first year of life, and by age
9-10 months, regardless of atopic status, median levels
were 3.9 + 1.8 ug/1 [1, 49].

Transient elevation of platelet-activating factor (PAF)
correlates better with anaphylaxis severity than tryptase
or histamine concentrations do; however, PAF concen-
trations return to baseline within 15-20 min [50].

There are still no biomarkers or laboratory tests avail-
able for confirmation of the diagnosis of anaphylaxis at
the time of presentation, and there are no biomarkers that
are elevated regardless of the anaphylaxis trigger or its
route of entry. Moreover, local mediator release without
elevation of systemic levels of any biomarker might be
important in some patients [1].

Management of Anaphylaxis in Health Care
Settings

Prompt initial treatment is essential in anaphylaxis.
Even a few minutes’ delay can lead to hypoxic-ischemic
encephalopathy or death. The importance of having a
management protocol cannot be over-emphasized be-
cause retention of memorized facts and algorithms can be
poor in a crisis and there is little or no time to look up
information [1, 2].

The time-dependent and concentration-dependent
pharmacologic effects of epinephrine (adrenaline) have
been confirmed in a new in vitro human vascular smooth
muscle cell model, in which early addition of epinephrine
proved to be essential for inhibition of PAF-induced
PGE; release [51]. These findings are consistent with the
clinical observation that epinephrine is maximally effec-
tive when injected promptly in anaphylaxis [1].

In a retrospective review of 321 ED patients with ana-
phylaxis treated with epinephrine, need for two or more
epinephrine injections did not correlate with obesity or
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overweight status; however, in an unspecified number of
patients in this study, body mass index calculations were
based on estimated height and weight rather than direct-
ly measured height and weight [52].

H;-antihistamines are not drugs of choice in initial
anaphylaxis treatment because they do not relieve life-
threatening respiratory symptoms or shock, although
they decrease urticaria and itching. The medications and
doses used in anaphylaxis are extrapolated from urticaria
treatment [1, 2]. Intravenously administered H;-antihis-
tamines can cause hypotension [53].

An updated Cochrane Database systematic review
found no randomized or quasi-randomized controlled
trials of glucocorticoid treatment for anaphylaxis, was
unable to make definitive recommendations for or against
their use, and highlighted the need for a more robust evi-
dence base in this area [54]. Glucocorticoids remain in
use for anaphylaxis because they potentially prevent bi-
phasic anaphylaxis; however, medications and dosing are
extrapolated from asthma treatment and the onset of ac-
tion takes several hours. They are not drugs of choice in
initial anaphylaxis treatment [1].

A discrepancy between anaphylaxis management rec-
ommendations in current guidelines and implementa-
tion of these recommendations was confirmed in a large
ED study, in which only 12% of patients with severe ana-
phylaxis received epinephrine, although 50% received an
antihistamine and 51% received a glucocorticoid. Based
on this data, a revised approach to training in anaphy-
laxis management was proposed [55].

The recommendation in the original WAO Anaphy-
laxis Guidelines for intravenous fluid resuscitation using
the crystalloid normal saline, rather than a colloid, re-
mains current [1]. A Cochrane review of randomized
controlled trials of crystalloids versus colloids in thou-
sands of surgical patients requiring volume replacement
found that colloid administration did not correlate with
increased survival [56].

In anaphylaxis refractory to initial treatment, new in-
terventions are needed. Infusion of methylene blue, a se-
lective inhibitor of the nitric oxide-cyclic guanosine mo-
nophosphate pathway, has been successful, especially in
patients with distributive shock and profound vasodila-
tion (vasoplegia) [57, 58].

Vulnerable Patients

In the treatment of vul