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HLA-DRB1*15:02 Is Associated With Iodinated Contrast
Media–Related Anaphylaxis
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Background: The incidence of severe reaction induced by iodinated contrast
media (ICM) has increased over the years with an increasing use of imaging
modalities. Although ICM anaphylaxis is rare, it can be life-threatening, but
currently, there is no biomarker that can identify individuals at risk of
ICM anaphylaxis.
Objective: The aim of this study is to investigate the genetic susceptibility of
ICM anaphylaxis.
Methods: Patientswho had ICM anaphylaxis were enrolled in the study, and their
blood sampleswere collected for genotyping of human leukocyte antigen (HLA)-A,
-B, -C, and -DR. The results were compared with those of healthy Korean general
population. MRGPRX2 gene in ICM anaphylaxis group was also sequenced and
compared with the Korean standard database of genetic polymorphism.
Results: The frequencies of 3 HLA alleles (B*52:01, C*12:02, and DRB1*15:02)
were significantly higher in 47 patients with ICM anaphylaxis. In particular,
HLA-DRB1*15:02 was 5 times more frequent in the ICM anaphylaxis group
than the Korean general population (34.0% vs 6.6%; odds ratio, 7.306; 95%
confidence interval, 3.622–14.740), and this difference was most pronounced
in subjects with iohexol-induced anaphylaxis (odds ratio, 16.516; 95% CI,
5.241–52.047; P < 0.0001). Eight single nucleotide polymorphisms were iden-
tified inMRGPRX2 gene, but their frequencies were not different in those with
ICM anaphylaxis compared with the general Korean population.
Conclusions: HLA-DRB1*15:02 is associated with ICM anaphylaxis in the
Korean population.
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A naphylaxis is a potentially life-threatening hypersensitivity reaction
(HSR) to exogenous stimuli that can lead to rapid multiorgan dys-

function. According to a previous study, 34.8% of anaphylaxis cases in
tertiary hospitals were related to drugs, and iodinated contrast media
(ICM) was one of the most common causative agents.1 Hypersensitiv-
ity reaction was common with ionic high osmolar ICM, but it became
infrequent after the introduction of nonionic low osmolar ICM.2 It is
estimated that 80% of severe reactions can be prevented by using non-
ionic low osmolar ICM, although the death rate by ICM has not changed
significantly.3 The studies indicate that the risk of adverse events is not
significantly different between low omsolar ICMs.4,5 Despite the im-
provement in the safety of nonionic low osmolar ICM, the incidence
of ICM-related adverse reactions has increased in the recent years, likely
due to the parallel increase in the use of imagingmodalities driven by en-
hancing technology.6 Therefore, an appropriate strategy to manage and
prevent ICM HSR is urgently required.

Traditionally, ICM anaphylaxis has been thought to be non-IgE–
mediated HSR, but the recent findings suggest the possibility of IgE-
mediated allergic reaction, especially in severe anaphylaxis, as more
frequent and severe recurrences were observed with repeated exposures
to the same causative agent and a higher rate of skin test positivity was
observed in severe reactions.7,8 The history of prior reaction is a good
predictor of subsequent ICM anaphylaxis.9 A recent study showed that
iopromide HSR was more common after intravenous injection than af-
ter intra-arterial injection, suggesting the route of administration may be
an important risk factor.10 Other known risk factors include a history of
allergy, asthma, and younger age, although these have limited clinical
utility in practice. There is no other clinical tool to identify individuals
at risk of ICM anaphylaxis.11

Some drug HSRs are strongly associated with certain HLA
alleles,12–14 but HLA associations have not been described in ICM
anaphylaxis. On the other hand, a mast cell-specific receptor, Mas-
related G protein–coupled receptor X2 (MRGPRX2), involved in mast
cell degranulation, is known to be associated with the drug-induced
anaphylactoid reaction.15,16 Given most ICM anaphylaxis has been
thought to be non-IgE–mediated, MRGPRX2 may play an important
role, but its genetic polymorphisms in ICM anaphylaxis has not been
studied. To address this knowledge gap, we analyzed the genetic poly-
morphisms of HLA and MRGPRX2 in ICM anaphylaxis patients to
see if genetic susceptibility can be identified.

MATERIALS AND METHODS

Study Subjects
Patients who experienced anaphylaxis to nonionic low osmolar

ICM between March 2017 and October 2017 were identified from the
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TABLE 1. Demographics and Clinical Characteristics of Study
Subjects (n = 47)

Category n (%)

Age, y 61.00 ± 12.75
Male-to-female ratio 22:25
Median no. previous exposures to ICM, median (IQR) 2 (1.00–5.25)
Hypersensitivity symptoms according to organ systems
Skin 20 (42.6%)
Respiratory 18 (38.3%)
Cardiovascular 47 (100%)
Gastrointestinal 8 (17.0%)

Underlying allergic diseases 6 (12.8%)
Drug allergy 4 (10.6%)
Pollen-food allergy 1 (2.1%)

Culprit ICM
Iohexol 13/47 (27.7%)
Iopamidol 12/47 (25.5%)
Iopromide 9/47 (19.1%)
Iomeprol 4/47 (8.5%)
Iobitridol 3/47 (6.4%)
Iodixanol 2/47 (4.3%)

ICM skin test (n = 27)
Positive response to at least one ICM 20 (74.1%)
Positive response to culprit ICM 17 (63.0%)

IQR, interquartile range; ICM, iodinated contrast media.
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Korean registry of ICM adverse reaction, which includes 7 regional ter-
tiary hospitals. After obtaining consent from the patients, blood samples
were collected. Demographic data such as age, sex, number of ICM
exposures, and skin test results were retrieved from electronic medical
records. Anaphylaxis was diagnosed when 1 of the following 3 WAO
clinical criteria was met: (1) acute skin or mucosal involvement accompa-
nied by respiratory compromise, hypotension, and/or organ dysfunction;
(2) 2 or more of skin-mucosal involvement, respiratory compromise, hy-
potension, and/or persistent gastrointestinal symptoms; or (3) hypotension
after exposure to known allergen.17 The severity of anaphylaxis was
determined using the grading system by Brown et al.18 To compare
the allele frequency, previously reported HLA frequencies of 485
healthy Korean individuals were used as a control.19

HLA Typing
Genomic DNAwas extracted from peripheral blood mononuclear

cells of patients. Sequence-based typing of HLA-A, -B, -C, and -DRB1
genes was performed using the AVITATM HLA-SBT kits (Biowithus
Inc, Seoul, South Korea). In accordance with the manufacturer's instruc-
tions, exons 2 to 4 of class I and exon 2 of HLA-DRB1 were amplified
using a locus specific primer set in the kit. Polymerase chain reaction
(PCR) products were sequenced directly in both forward and reverse
directions of each exon on an ABI3730 Genetic Analyzer (Applied
Biosystems, Foster City, CA). The sequenced results were analyzed
using BIOWITHUS SBT analyzer software ver. 2.7.5 (Biowithus Inc).

MRGPRX2 Sequencing
We sequenced MRGPRX2 gene in ICM anaphylaxis group.20

DNAwas extracted from 200 μL of whole blood in ACD tubes using
QuickGene DNA whole blood kit (Kurabo, Osaka, Japan). One exon
of genomic DNAwas amplified by PCR. The primers of the exon were
designed according to the published sequence (NCBI Genbank:
NC_000011.10, no. 5188–7160). Gene Runner Version 6 (Gen-Bank,
Bethesda, MD) was used to design PCR primer pairs. Four forward
primers and 4 reverse primers were identified, and primer sequencing
information was described in the Table E1 in the Online Repository
(PCR using HelixAmp Ready-2x-Go [premium pfu] PCR mix;
Nanohelix, Daejeon, South Korea). Reactions were carried out using
ABI 2720 thermal cycler (Applied Biosystems, Foster City, CA). The
PCR fragments were analyzed on 2% agarose/0.5X tris-borate EDTA
gels. Direct sequencing was performed with a BigDye Terminator Kit
(Applied Biosystems, Foster City, CA) on ABI 3730 DNA Analyzer
(Applied Biosystems).

Skin Test With ICM
Skin tests were performed in some individuals as a part of rou-

tine clinical care using 7 nonionic ICM (iopamidol, iohexol, ioversol,
iopromide, iomeprol, iobitridol, and iodixanol). Skin prick tests were
performed with undiluted ICM, and intradermal tests were performed
with 1:10 dilutions. Skin prick test was considered positive if the size
of the wheal was at least 3 mm in diameter with surrounding erythema
after 15 minutes. Intradermal test was considered positive if the size of
the initial wheal increased by at least 3 mm in diameter with surround-
ing erythema after 20 minutes.

Statistical Analysis
We compared HLA genotypes of ICM anaphylaxis patients with

those of the Korean general population. Pearson χ2 test or Fisher exact
test was performed to evaluate the differences in HLA allele frequencies
between the ICM anaphylaxis group and the control group. P values
less than 0.05 were considered significant. All statistical analyses were
performed using PASW Statistics 24.0 (SPSS Inc, Chicago, IL). Multi-
ple comparisons were corrected using Bonferroni correction.
2 www.investigativeradiology.com
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Ethical Review and Approval
This study was approved by the institutional review board of

each hospital (IRB no. 1705-012-851), and written informed consent
was obtained from all participants after a detailed explanation of
the study.

RESULTS

Baseline Characteristics of the Study Subjects
Forty-seven patients (22 males and 25 females) with the diag-

nosis of ICM anaphylaxis were recruited (Table 1). The mean ± stan-
dard deviation (SD) age of subjects was 61.0 ± 12.8 years. All patients
had cardiovascular involvement with hypotension. Cutaneous and
respiratory manifestations occurred in 42.6% (20/47) and 38.3%
(18/47), respectively.

The median number of ICM exposure at the time of initial ICM
anaphylaxis was 2 (interquartile range [IQR], 1.00–5.25). Records of
the previous ICM exposures were available in 40 patients; anaphylaxis
occurred with the first exposure to ICM in 47.5% (19/40) of patients,
whereas 52.5% (21/40) of patients had anaphylaxis on repeated expo-
sures to ICM.

Six different ICMwere identified as causative agents of anaphy-
laxis; iohexol was the most common (13/47, 27.7%), followed by
iopamidol (12/47, 25.5%), iopromide (9/47, 19.1%), iomeprol (4/47,
8.5%), iobitridol (3/47, 6.4%), and iodixanol (2/47, 4.3%). The culprit
ICM was unknown in 4 patients (4/47, 8.5%).

ICM Skin Test Results in PatientsWith ICMAnaphylaxis
Twenty-seven patients underwent ICM skin test, and 20 patients

(74.1%) were positive to at least one ICM. Most positive results were
observed in intradermal test except for one patient who had skin prick
test positivity. When skin test positivity was assessed according to the
known culprit ICM, iopromide (4/4) and iobitridol (2/2) showed 100%
© 2020 Wolters Kluwer Health, Inc. All rights reserved.

orized reproduction of this article is prohibited.                                               
ique DOI number which can be found in the footnotes.

www.investigativeradiology.com


Investigative Radiology • Volume 00, Number 00, Month 2020 HLA-DRB1*15:02 Associated With ICM-Related Anaphylaxis

         
         
positivity, followed by iohexol (6/7; 85.7%), iopamidol (7/9; 77.8%),
and iomeprol (1/4; 25%). The skin test positivity between different
ICM types was not statistically significant (P = 0.062).

Seventeen (85%) of the 20 patientswith positive skin testswere pos-
itive to the culprit ICM, whereas 3 patients were only positive to ICMother
than the culprit ICM.When assessing the cross-reactivity based on the skin
test findings, 5 patients (25%) were positive to single ICM agent,
whereas 15 patients (75%) showed positivity to at least 2 ICM agents
(Fig. E1 in the Online Repository, http://links.lww.com/RLI/A515).

The median time interval between ICM anaphylaxis and the skin
test was 8 weeks (IQR, 3–60.5 weeks). The skin test positivity rates ac-
cording to the timing of ICM skin tests were as follows; 78.6%was pos-
itivewithin 2 months (n = 14), 100% between 2 to 6 months (n = 4), and
55.6% after 6 months (n = 9).

HLA Allele and Phenotype Frequencies
The frequencies of 9HLAalleles (HLA-A*24:01,B*51:01,B52*01,

C*03:03, C*07:01, C*07:02, C*08:03, C*12:02, and DRB1*15*02) in
patients with ICM anaphylaxis were statistically different from those
of Korean general population (Table 2). Out of these 9 HLA alleles,
HLA-B*52:01, C*12:02, and DRB1*15:02 remained significant after
Bonferroni correction for multiple comparisons. HLA-DRB1*15:02
was most frequently (34.0%) observed in patients with ICM anaphy-
laxis, whereas its frequency was only 6.6% in Korean general population
(odds ratio [OR], 7.306; 95% confidence interval [CI], 3.622–14.740;
P = 3.20 � 10−7). It remained significant after Bonferroni correction
for multiple comparisons (Pc = 2.78 � 10−5). HLA-DRB1*15:02 fre-
quency varied according to the culprit ICMs (Fig. 1). HLA-DRB1*15:02
frequency was highest in subjects with iohexol-induced anaphylaxis
(53.8%), whereas its frequency was 26.5% of subjects with anaphylaxis
to other ICM (OR, 3.833; 95% CI, 0.964–15.239, P = 0.077). In
iohexol-induced anaphylaxis, the presence of HLA-DRB1*15:02 in-
creased the OR of developing ICM anaphylaxis to 16.516 (95% CI,
5.241–52.047; P < 0.0001).

Thirteen patients (27.7%) with ICM anaphylaxis had both
HLA-B*52:01 and HLA-C*12:02, and their frequencies were signifi-
cantly higher than 5.6% and 5.0% found in Korean general population,
respectively (OR, 6.486; 95% CI, 3.071–13.700; P = 8.00 � 10−6 and
OR, 7.344; 95% CI, 3.436–15.697; P = 3.00 � 10−6, respectively).
These remained significant after Bonferroni correction for multiple
comparisons (Pc = 6.96 � 10−4 and 2.61 � 10−4, respectively). These
13 patients (27.7%) shared the same 4 loci of HLA-A*24:02-B*52:01-
C*12:02-DRB1*15:02. However, as there was no available data on the
TABLE 2. Association of HLA-A, -B, -C, and -DRB1 With ICM Anaphylaxis

HLA Allele ICM Anaphylaxis (n = 47)
Korean General

Population (n = 485

A*24:02 27 (57.4) 188 (38.8)
B*51:01 1 (2.1) 79 (16.3)
B*52:01 13 (27.7) 27 (5.6)
C*03:03 3 (6.4) 110 (22.7)
C*07:01 3 (6.4) 3 (0.6)
C*07:02 14 (29.8) 73 (15.1)
C*08:03 4 (8.5) 6 (1.2)
C*12:02 13 (27.7) 24 (5.0)
DRB1*15:02 16 (34.0) 32 (6.6)

P values and ORs were calculated from phenotype frequency.

*P value by Fisher exact test.

†Pc: corrected P value after Bonferroni correction (multiplied by 87; 87 loci).

ICM indicates iodinated contrast media; CI, confidence interval; OR, odds ratio.
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frequency of 4 loci in the Korean general population, frequencies of 3 loci
(HLA-A*24:02-B*52:01-C*12:02, B*52:01-C*12:02-DRB1*15:02, and
A*24:02-B*52:01-DRB1*15:02) were compared with those of Korean
general population. All of these had higher rates compared with those of
the Korean general population, and they remained significant after
Bonferroni correction for multiple comparisons (Table 3).

As HLA-A*24:02, B*52:01, and C*12:02 showed linkage dis-
equilibrium with DRB1*15:02 in patients with ICM anaphylaxis, these
alleles did not improve the detection rate of ICM anaphylaxis.19 In con-
trast, the frequencies of HLA-B*51:01 and HLA-C*03:03 were lower
in ICM anaphylaxis group at 2.1% and 6.4% compared with 16.3%
and 22.7% of the Korean general population, respectively. However,
these differences were not significant after Bonferroni correction.

The frequency of HLA-DRB1*15:02 allele was not different
between patients who experienced anaphylaxis at the first exposure
to ICM and those patients who had on repeated exposures (31.6% vs
35.7%, P = 0.769).

MRGPRX2 Sequencing
Eight single nucleotide polymorphisms (SNPs) (rs11024970,

rs10833049, rs11024969, rs7112398, rs7112385, rs7126647, rs7126647,
and rs7126062) were found in patients with ICM anaphylaxis. Their
frequencies were compared with those of KOVA (Korean Variant Ar-
chive), which includes 1055 healthy Korean individuals.20 Three SNPs
(rs11024970, rs10833049, rs11024969) were also identified in KOVA,
but there were no statistically significant differences (Table 4). There
were no significant differences in these SNPs in those who developed
ICM anaphylaxis after the first exposure compared with those who de-
veloped anaphylaxis after repeated exposures (P = 0.721).

DISCUSSION
This study explored genetic susceptibility of ICM anaphylaxis

for the first time and presented HLA-DRB1*15:02 as a novel risk fac-
tor. This suggests that HLA-DRB1*15:02 may play a role in inducing
IgE-mediated response to ICM and points to the possibility that ICM
anaphylaxis may be preventable with genetic screening.

Iodinated contrast media anaphylaxis may occur as a result of
complex interactions between genetic and environmental factors, much
like other allergic diseases. Therefore, in this complex interaction, HLA
allele is likely to play an important role. The study by Jung et al9 showed
that the greatest risk factor for ICM anaphylaxis was the history of pre-
vious severe reaction (OR, 8.884; 95% CI, 2.108–37.442). A similar
finding was also noted for HSR to ICM, where the history of the
) OR (95% CI) P* Pc†

2.133 (1.163–3.911) 0.013 1.131
0.112 (0.015–0.822) 0.010 0.870
6.486 (3.071–13.700) 8.00 � 10−6 6.96 � 10−4

0.232 (0.071–0.763) 0.010 0.870
10.955 (2.147–55.899) 0.010* 0.870
2.394 (1.222–4.693) 0.009 0.783
7.426 (2.018–27.333) 0.008* 0.696
7.344 (3.436–15.697) 3.00 � 10−6 2.61 � 10−4

7.306 (3.622–14.740) 3.20 � 10−7 2.78 � 10−5
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FIGURE 1. The proportion HLA-DRB1*15:02 in the Korean general population and subjects with ICM anaphylaxis. The positive rate of HLA-DRB1*15:02
was 34.0% in general but increased to 53.8% in cases with iohexol-induced anaphylaxis.
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previous reaction was the most significant risk factor (OR, 15.9; 95%
CI, 7.8–32.3).21 However, this is only helpful for patients who have al-
ready experienced ICM anaphylaxis. Although several other risk factors
such as history atopy, asthma, or female sex were described, these do
not increase risks substantially and are not practically useful.22 In this
context, a different approach is needed to screen patients at increased
risk of developing ICM anaphylaxis. Our findings show that HLA-
DRB1*15:02was found in almost one third of patientswith ICManaphy-
laxis, whereas its frequency was only 6.6% in Korean general population
and its frequency was much higher in iohexol-induced anaphylaxis
(53.8%). This finding is particularly striking given the calculated OR in
thosewho carry HLA-DRB1*15:02 is similar to the OR described for pa-
tients with the history of previous reaction.

Human leukocyte antigen associations and genetic risk fac-
tors have been extensively studied in other drug HSRs. For example,
HLA-B*15:02 allele was highly associated with carbamazepine-
induced severe cutaneous adverse reactions (SCARs) inHan Chinese,12

but it was not replicated in Europeans and Koreans, likely due to its low
allele frequency in the latter populations.13 Other reported HLA associ-
ations in SCARs include HLA-B*58:01 and allopurinol-induced
SCARs,13,14,23 HLA-B*57:01 and abacavir hypersensitivity syndrome,24

HLA-B*59:01 and methazolamide-induced Stevens-Johnson syndrome/
toxic epidermal necrolysis,25 and HLA-B*13:01 and dapsone hyper-
sensitivity syndrome.26 However, these strong associations were only
observed in T cell–mediated HSR.12–14
TABLE 3. Association of Three-Locus HLA Haplotypes With ICM Anaphyl

Three-Locus HLA Haplotypes ICM Anaphylaxis (n = 47)
Korea

Populati

A*24:02-B*52:01-C*12:02 13 (27.7) 20
B*52:01-C*12:02-DRB1*15:02 13 (27.7) 23
A*24:02-B*52:01-DRB1*15:02 13 (27.7) 19

*P value by Fisher exact test.

†Pc: corrected P value after Bonferroni correction (multiplied by 82; 82 three-locu

CI indicates confidence interval; OR, odds ratio.
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There are other studies that showed significant associations be-
tween certain class II HLA alleles and IgE-mediated reactions, although
with much lower relative risk. In one study, the frequencies of HLA-
DQ7 and DR11 were higher in patients with IgE-mediated pyrazolone
HSR than normal controls.27 Another study reported that patients with
asparaginase HSR including severe anaphylaxis had a higher pro-
portion of HLA-DRB1*07:01 than normal controls.28 Moreover,
the presence of specific SNPs have been reported in the interregions
of HLA-DRA and DRB5 in patients with immediate beta-lactam
antibiotic allergy.29

Although ICM anaphylaxis has been traditionally regarded as
“anaphylactoid reaction” rather than “IgE-mediated allergy,” ICM ana-
phylaxis presents with similar clinical features observed in other typical
IgE-mediated anaphylaxis. Recently, it has been suggested that some
ICM anaphylaxis caused by nonionic low osmolar ICM is true IgE-
mediated allergic reaction. This is supported by the presence of positive
skin test results in the previous studies.7,30–34 In our previous study,
positive skin test was reported to be 64.7% in those with anaphylaxis
and 81.8% in those with anaphylactic shock.8 However, it is unknown
how specific variants of HLA class II alleles could be a risk factor for
IgE-mediated response. There are a few possible hypotheses; first,
ICM could be better presented on certain HLA class II molecules due
to drug-specific HLA binding as described in the “p-i concept.”35 In
this study, those with iohexol-induced anaphylaxis had the highest
HLA-DRB1*15:02 frequency compared with those with anaphylaxis
axis

n General
on (n = 485) OR (95% CI) P* Pc†

(4.1) 8.890 (4.074–19.398) 5.96 � 10−7 4.89 � 10−5

(4.7) 7.680 (3.577–16.490) 2.00 � 10−6 1.64 � 10−4

(3.9) 9.378 (4.270–20.595) 3.85 � 10−7 3.16 � 10−5

s haplotypes).
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TABLE 4. Comparison of SNPs of MRGPRX2 in ICM Anaphylaxis
Patients and KOVA

MRGPRX2
ICM

Anaphylaxis (n = 47)
Korean General

Population (n = 1055) P

rs11024970 7/94 (8.0) 252/2106 (13.6) 0.183
rs10833049 11/94 (13.3) 399/2104 (23.4) 0.077
rs11024969 7/94 (8.0) 253/2112 (13.6) 0.182

P values were calculated from genotype frequency.

KOVA indicates Korean Variant Archive.16
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due to other ICM although it did not reach statistical significance, pos-
sibly due to the limited sample size. If this is the case, then a specific
ICM structure could contribute to an increased risk of ICM anaphylaxis
by stronger drug-HLA binding. Alternatively, a specific class II HLA
variant may allow better presentation of ICM due to its intrinsic ability
to present a larger breadth of peptides and other nonpeptide antigens
such as ICM. One study suggested that specific HLA-DRB1 variants
could present a larger breadth of viral peptides, resulting in stronger
CD4+ T cell activity and lower viremia in HIV infections.36 Another
study showed that HLA-DRB1*07:01 variant had an altered structure
of HLA-DR, resulting in increased asparaginase binding affinity and a
higher risk of asparaginase hypersensitivity.28 Finally, HLA-DRB1*15:02
may allow better presentation of ICM-haptenated peptide on antigen pre-
senting cells resulting in subsequent T cell activation. Ultimately, we spec-
ulate that increased presentation of ICM to T cells by HLA-DRB1*15:02
is responsible for B cells to undergo class-switching to produce ICM-
specific IgE. Further studies will be required to assess the validity of
these hypotheses.

In addition to HLA-DRB1*15:02, we found a higher frequency
(27.7%) of HLA-C*12:02 and HLA-B*52:01 in ICM anaphylaxis pa-
tients. However, HLA-C*12:02 and HLA-B*52:01 were both present
in HLA-DRB1*15:02 carriers due to linkage disequilibrium and their
presence is unlikely to be significant on their own.19 As a potential
screening risk marker, HLA-DRB1*15:02 is the most promising candi-
date inKoreans. However, this allele is present in less than 1% of European
populations.37 Although HLA-DRB1*15:02 had low sensitivity
(34.0%) for ICM anaphylaxis in our cohort, its frequency was higher
in those who had iohexol-induced anaphylaxis (53.8%). However,
given that ICM anaphylaxis is rare, the positive predictive value is likely
to be low. Nonetheless, it may still have a limited clinical utility in risk
stratification and in deciding the choice of ICM. Therefore, further
studies will be required to verify its clinical utility.

MRGPRX2 is a protein coding gene for MAS-related GPR fam-
ily member X2, which is a subtype of human G-protein coupled recep-
tor of MRGPRX1 to 4 and only MRGPRX2 is expressed in human
mast cells.38 Recent studies have shown that activation of this receptor
promotes degranulation of various mast cell lines, which leads to cyto-
kine responses and HSR. This process is distinct from IgE-mediated
mast cell activation mediated by FcεR1.39 One study reported 4 natural
SNPs of MRGPRX2 in human cell line refractory to mast cell activa-
tion.40 Another study reported a total of 13MRGPRX2 SNPs in diverse
races, but there was no association with phenotypes.41 In our study, a
total of 8 SNPswere found, but therewas no significant differencewhen
compared with the healthy Korean individual database. This suggests
non-IgE–mediated mast cell activation via MRGPRX2 polymorphism
may not play a significant role in ICM anaphylaxis. This hypothesis
is also in keeping with positive skin test results in a majority of patients.

There are several limitations in this study. First, we did not use
ICM tolerant controls. However, given the incidence of severe HSR to
ICM is low at less than 0.1%, using HLA frequency data from the gen-
eral Korean population is highly unlikely to affect the findings. Second,
© 2020 Wolters Kluwer Health, Inc. All rights reserved.
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we had a limited number of patients with ICM anaphylaxis due to its
rarity.42 Third, this study only confirmed the association of HLA alleles
and ICM anaphylaxis in Korean population. Further studies are needed
to confirm the genetic susceptibility of ICM anaphylaxis in other ethnic
groups since the distribution of HLA alleles varies according to ethnic-
ity. Finally, only exons and introns near the splice site and not the whole
introns ofMRGPRX2 gene were analyzed in this study, whereas several
SNPs were previously reported in the intronic region of MRGPRX2.41

Therefore, whole-genome sequencing using next-generation sequencing
method may be helpful to rule out the association of MRGPRX2 gene
with ICM anaphylaxis.

In conclusion, HLA-DRB1*15:02 is strongly associated with
ICM anaphylaxis, particularly in iohexol-induced anaphylaxis. This sug-
gests a potential role of HLA-DRB1*15:02 in inducing IgE-mediated
response to ICM. Further detailed studies will be required to assess its
diagnostic utility in preventing ICM anaphylaxis and its role in driving
allergic immune mechanism.
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