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ABSTRACT

A common cause of drug hypersensitivity reactions is iodinated contrast media (ICM).
ICM-induced hypersensitivity had been considered to be a non-immunological reaction,

but evidence for an immunological mechanism has increased recently. Thus, we evaluated
whether HLA-A, -B, and -C alleles were associated with ICM-induced hypersensitivity. In
total, 126 patients who underwent contrast-enhanced computed tomography studies through
outpatient clinics at a tertiary referral hospital between 2008 and 2012 were assessed.
Sixty-one patients experienced ICM-induced hypersensitivity and the remainder, 65, were
ICM-tolerant patients (control). ICM-induced hypersensitivity patients showed 51 with
immediate, 7 with non-immediate, 3 with both or mixed type. HLA-A, -B, and -C genotyping
was performed using a PCR sequence-based typing method. Four kinds of ICM were used:
iopromide, iohexol, iobitridol, and iodixanol. The most used ICM among the hypersensitivity
patients was iopromide. Significant difference in the frequency of HLA-B*58:01 (odds ratios
[OR], 3.90; p = 0.0200, 95% confidence interval [CI], 1.16-13.07) was observed between
ICM-induced immediate hypersensitivity and control. There were statistically significant
differences in the frequencies of the HLA-B*38:02 (OR, 10.24; p = 0.0145; 95% CI, 1.09-96.14)
and HLA-B*58:01 (OR, 3.98; p=0.0348; 95% CI, 1.03-15.39) between iopromide-induced
immediate hypersensitivity and control. The mechanism of ICM-induced hypersensitivity
remains unknown, but this study showed associations, although weak, with HLA-B*58:01 alleles
for ICM-induced immediate hypersensitivity and HLA-B*38:02 and HLA-B*58:01 for iopromide-

induced immediate hypersensitivity as risk predictors. Further studies are needed to validate the

associations in larger samples and to identify the functional mechanism behind these results.

Iodinated Contrast Media; Immediate Hypersensitivity; Non-immediate
Hypersensitivity; Korean; HLA Class I

INTRODUCTION

Iodinated contrast media (ICM) are important agents for diagnostic purposes in the field
of radiology, but they are known to be a common cause of drug hypersensitivity reactions
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HLA and ICM-induced hypersensitivity
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[1]. The occurrence of ICM-induced hypersensitivity has decreased since non-ionic ICM
were introduced to replace ionic ICM [2]. The prevalence of hypersensitivity to ICM was
reported to be 1.1% in Koreans [3] in our previous retrospective study. Although the rate is
not high, ICM are used widely worldwide, which can result in a large number of ICM-induced
hypersensitivity cases. ICM-induced hypersensitivity is generally classified into immediate
(acute) and non-immediate (delayed) reactions. The former occurs within 1 hour and the
latter occurs from 1 hour to 7 days after ICM exposure usually. ICM-induced hypersensitivity
reactions had been considered to be non-immunological reactions, caused by chemical and
molecular toxicity, overdose, and the physiological properties of ICM [4-6], but evidence for
an immunological mechanism has increased recently. Trcka et al. [7] reported that about 4%
of 96 patients with anaphylactic (immediate) symptoms showed positive skin and basophil
activation tests, suggesting an immunoglobulin E (IgE)-mediated allergy. T-cell mediated
non-immediate skin reactions after ICM exposure were also reported as evidence of allergic
reactions [8,9]. Immediate and non-immediate hypersensitivity after ICM exposure has
been reported to be immune-mediated reactions, based on positive skin and in vitro tests in
patients and on cell-based experiments [710].

HLA type has been mainly studied as a risk factor in non-immediate hypersensitivity
reactions [11,12]. HLA is a genetic factor that synthesizes major histocompatibility complex
(MHC). The MHC molecule on the antigen-presenting cell presents the antigen to the T cell
with an autologous peptide after processing the protein of drug metabolites. Various factors
such as antigen structure, T cell receptor (TCR), and secondary signals affect this binding
[13,14]. However, studies on HLA, which are relatively well-known and easy to test, have been
mostly conducted. Recently, a study has been reported that HLA can be a risk factor even in
immediate hypersensitivity reaction, anaphylaxis [15].

Currently, the mechanism of ICM-induced hypersensitivity is not fully understood, and studies
of associations between hypersensitivity and HLA alleles may contribute to the identification of
this mechanism. Thus, in this study, we evaluated the associations between HLA-A, -B, and -C
alleles and ICM-induced hypersensitivity in immediate and non-immediate reactions.

METHODS

Subjects and samples

The subjects were 126 patients among total of 266 patients who underwent contrast-
enhanced computed tomography studies through outpatient clinics of a tertiary referral
hospital, Inje University Busan Paik Hospital, between 2008 and 2012 (Figure 1). Ninety-
four patients were recruited prospectively, before ICM administration, or immediately after
hypersensitivity reactions, and the rest were retrospectively recruited. Sixty-one subjects had
hypersensitivity reactions to ICM (case) and the remainder (65) did not (control). Patients
with only adverse reactions considered to be physiological responses such as nausea and
chilling sensation were not included in both the case and control groups. All control were
recruited before intravenous administration of ICM and 29 case patients were recruited
before intravenous administration of ICM (8 cases) or immediate after hypersensitivity
reactions. Data regarding hypersensitivity reactions were collected prospectively from
November 2010 to August 2012. Non-immediate reactions were checked by calling subjects
48 hours after ICM administration. The remaining 32 cases were recruited retrospectively,
after searching for patients with adverse reactions noted on electronic medical records
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Recruited subjects: n = 266
Prospectively (before/after): n = 228
With hypersensitivity: n = 36
Retrospectively: n = 38

«——————— Case review & evaluation

A4

Selected case subjects: n = 61
Before/after ICM: n = 29 (8/21)
Retrospectively: n = 32

l«—— Review for controls
A4
Selected control subjects: n = 65
Before: n = 65
Retrospectively: n =0

Figure 1. The process of subject selection for ICM-induced hypersensitivity (case) and ICM-tolerant (control)
patients. All control patients were recruited before ICM administration. Case patients were recruited
prospectively, before ICM administration (8) and immediate after hypersensitivity reactions at the site (21), and
retrospectively after searching for patients with adverse reactions noted on electronic medical records (32). All
case and control patients were evaluated and selected by specialists.

ICM, iodinate contrast media.

(EMRs) from 2008 to 2012. Blood samples for genotype analyses were collected with EDTA
tubes, except for seven retrospectively recruited patients where dried blood spot papers were
used. The data collected from EMRs and history taking included age, sex, diagnosis (cancer
vs. no cancer), previous exposure to ICM, prior experiences of ICM-induced hypersensitivity,
oral premedication use before ICM exposure, ICM administration time, hypersensitivity
signs/symptoms, reaction onset time, and patient management after the reaction. The
severity of hypersensitivity was classified as mild, moderate, or severe using the grading
system in the ACR Manual on Contrast Media (ver. 8, 2012) [16].

All subjects gave informed consent to participate in the study. The study was approved by the
institutional review board of Busan Paik Hospital, Busan, Republic of Korea (IRB No. 10-122).

Sequence-based typing of HLA-A, -B, and -C

Genomic DNA was extracted from peripheral blood using the QIAamp Blood Mini Kit (QIAGEN,
Hilden, Germany) or dried blood spots on paper (FTA Mini Card; Whatman, Florham Park, NJ,
USA). Sequence-based typing of HLA-A, -B, and -C was performed with pairs of amplification
and sequencing primers, as described previously [17]. PCR was carried out in a 30-uL reaction
volume that consisted of 100 ng genomic DNA, 1x PCR buffer, 0.2 mmol/L dNTPs, 0.4 mmol/L
primers, 2.5 mmol/L MgCL, 1x Band Doctor, and 1 U EF Taq polymerase (Solgent, Deajeon,
Korea). PCR was performed using a 9700 Thermal Cycler (Applied Biosystems, Foster City, CA,
USA) with the following conditions: initial denaturation at 95°C for 2 min, followed by 30 cycles
0f 95°C for 30 s, 62-67°C for 40 s, 72°C for 1 min 40 s, and a final elongation step at 72°C for

5 min. The entire PCR product was sequenced directly using a 3130 DNA Sequencer (Applied
Biosystems). HLA-A, -B, and -C genotypes were determined by analysis of sequencing data using
the SBT Engine software (ver. 2.20; GenDx, Utrecht, the Netherlands).

Statistical analysis

HLA-A, -B, and -C allele frequencies were compared between patients with ICM-induced
hypersensitivity and control patients using x* and Fisher's exact tests. The case patients
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were categorized 3 groups; i) immediate and ii) non-immediate after using any ICM, and
iii) induced by the most commonly used ICM among case patients. The p-values < 0.05
were considered to indicate statistical significance. Odds ratios (ORs) and 95% confidence
intervals were calculated, with Haldane's modification applied when a zero-count field was
encountered. All statistical analyses were performed using the SAS software (ver. 9.4; SAS
Institute, Cary, NC, USA).

RESULTS

Four kinds of ICM were used: the non-ionic monomers iopromide, iohexol, and iobitridol, and
the non-ionic dimer iodixanol. The characteristics of patients with ICM-induced hypersensitivity
and ICM-tolerant patients using above four kind of ICM, are shown in Table 1. The sample
contained more female than male patients, and the average age of all patients was 54.9
years. The numbers of immediate, non-immediate cases, and controls with two or more ICM
exposures were 35, 6, and 44, respectively. Twenty-five patients experienced hypersensitivity
at their first ICM exposures, and six of these patients had two or more hypersensitivity
events. The average number of reactions was 1.4 (range, 1-4); 20 patients experienced two
or more hypersensitivity reactions. A total of 85 hypersensitivity events occurred in the case
group and 75 events were immediate and 9 were non-immediate. One case was a mixed type,
immediate reaction followed by non-immediate reaction. Among 61 patients with ICM-
induced hypersensitivity, 51 had immediate reactions, 7 had non-immediate reactions, 2
had both, and one had a mixed reaction. Iopromide was the most common ICM, associated
with 85 events, which accounted for 41.2% of the total. Iohexol was associated with 28.2%
of events, iobitridol with 21.2%, and iodixanol was associated with 8.2% of events (Table 1).
The ICM used was unknown in one retrospective case. Twenty-nine patients experienced
immediate hypersensitivity after administration of iopromide. The most common symptom
in both types of hypersensitivity was a skin reaction, such as urticaria and flushing. Most
patients with hypersensitivity had skin reactions, with or without other symptoms. The
other symptoms were gastrointestinal symptoms, such as nausea, cardiovascular symptoms,
including lowered blood pressure and chest discomfort, respiratory symptoms, like dyspnea

Table 1. Characteristics of patients with ICM-induced hypersensitivity (all cases, immediate, non-immediate, both, and mixed) and ICM tolerance (control)

Variables Cases (n=61) Immediate (n=54) Non-immediate (n =10) Both™* (n = 2) Mixed™* (n =1) Control (n = 65)
No. of events 85 76 10 6 2 -
Age (yr)
Mean + SD (range) 55.6 +12.4 54.8 +12.5 (29-78) 55.9 +15.8 (31-77) 46.5 + 91.9 (31-62) 31 54.9 +12.2 (26-79)
Sex
Male, no. (%) 924 (39.3) 23 (42.6) 2 (20.0) 1(50.0) - 97 (41.5)
Female, no. (%) 37 (60.7) 31(57.4) 8 (80.0) 1(50.0) 1 38 (58.5)
No. of ICM exposures
Mean + SD, range 5.1+5.2 (1-21) 5.2+5.4 (1-21) 4.7 £ 4.5 (1-13) 7.5 +7.8 (2-13) 1 5.6 +5.7 (1-26)
No. of patients with cancer 35 30 6 1 - 38
No. of patients with > 2 events 18 18 2 2 1 -
No. of ICM use (%)
lopromide 35 (41.2) 33 (44.0) 2 (20.0) 3(50.0) 1(100) 12 (18.5)
lohexol 24 (28.9) 20 (26.7) 4 (40.0) 1(16.7) - 39 (60.0)
lobitridol 18 (21.2) 16 (21.3) 2 (20.0) 1(16.7) - 12 (18.5)
lodixanol 7(8.2) 5 (6.7) 2 (20.0) 1(16.7) - 2 (3.1)
Unknown 1(1.2) 1(1.3) - - - -

ICM, iodinated contrast media; SD, standard deviation; No., number.
*Patients with both immediate and non-immediate reactions to each ICM exposure; TPatient with immediate reaction followed by non-immediate reaction in one
ICM exposure; *The events were added to the numbers of cases, immediate, and non-immediate patients.
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and rhinorrhea, and neurological symptoms, such as dizziness and loss of consciousness.
The severity was evaluated according to the ACR criteria [16], most cases were mild or
moderate and only one case was severe.

The frequencies of the HLA-B*46:01 and -B*58:01 alleles were higher, and that of -C*06:02

was lower, in patients with ICM-induced immediate hypersensitivity using at least one of the
four ICMs compared with control patients (Table 2). These frequency patterns were similar

to those in the general Korean population. The frequencies in the general Korean population
were 5.06% for HLA-B*46:01, 6.77% for -B*58:01, and 6.36% for -C*06:02 [18]. The differences
in these three alleles between patients with ICM-induced immediate hypersensitivity and
control patients were significant. The frequencies of the HLA-B*46:01, -B*58:01, and -C*06:02
alleles were associated with ICM-induced immediate hypersensitivity compared with controls,
with ORs 0f 4.69 (P=0.0423), 3.9 (P=0.0200), and 0.08 (P=0.0220), respectively. However,
only HLA-B*58:01 allele did not include 1 in 95% confidential interval (CI).

The frequency of the HLA-B*15:11 allele was higher in patients with ICM-induced non-
immediate hypersensitivity using at least one of the four ICMs compared with control
patients (Table 2). The frequency of the allele in the general Korean population was 1.55%
[18]. The frequency of the HLA-B*15:11 allele was associated with ICM-induced non-
immediate hypersensitivity compared with control (OR =38.53; P=0.0003; 95% CI, 0.22-
110.52), but it was not statistically significant.

The frequencies of the HLA-B*38:02 and -B*58:01 alleles were higher in patients with
immediate hypersensitivity after administration of iopromide compared with control patients
(Table 2). The frequency of HLA-B*38:02 allele in the general Korean population was 0.82%
[18]. The frequencies of the HLA-B*38:02 and -B*58:01 alleles were associated significantly
with immediate hypersensitivity after exposure to iopromide compared with control with
ORs 0f10.24 (P =0.0145) and 3.98 (P= 0.0348), respectively. The control included patients
exposed to all ICMs, not those exposed to the only iopromide.

The frequencies of HLA-A, -B, and -C alleles in all patients with ICM-induced hypersensitivity
and ICM tolerance and the allele frequency of Korean population [18] are provided in Table 3.
Sixteen patients each in the case and control groups were HLA-B*58:01-positive and carried
-A*33:03 and -C*03:02, except for one patient in the case group. The one severe case, based on
ACR criteria, had no risk alleles. The patient showed loss of consciousness for a few seconds
and urticaria with angioedema, nausea, flushing, sweating, and edema in the extremities.

Table 2. HLA-A, -B, and -C alleles associated with ICM-induced hypersensitivity in immediate, non-immediate, and immediate after iopromide administration

Allele Frequency (%) p-value 0Odds ratio 95% ClI
Case” (n = 61) Control' (n = 65)
Immediate (n = 54)
B*46:01 7 (12.96) 2 (3.08) 0.0423 4.69 0.93-23.62
B*58:01 11 (20.37) 4 (6.15) 0.0200 3.90 1.16-13.07
C*06:02 0 (0.00) 6(9.23) 0.0220 0.08 0.02-6.20
Non-immediate (n =10)
B*15:11 2 (20.00) 0 (0.00) 0.0003 38.53 0.22-110.52
Immediate after iopromide (n = 29)
B*38:02 4 (13.79) 1(1.54) 0.0145 10.24 1.09-96.14
B*58:01 6 (20.69) 4 (6.15) 0.0348 3.98 1.03-15.39

ICM, iodinated contrast media; Cl, confidence interval.

*ICM-induced hypersensitivity; TICM tolerance.
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Table 3. Frequencies of HLA alleles in ICM-induced hypersensitivity (case, n = 61) and ICM-tolerant (control, n = 65) patients and AF of Korean population (n = 613) [18]

Allele Frequency (%) Korean AF Allele Frequency (%) Korean AF Allele Frequency (%) Korean AF

Case Control (%) Case Control (%) Case Control (%)
A*01:01 0 (0.00) 1(1.54) 1.88 B*13:02 0(0.00)  4(6.15) 46 B*56:01 1(1.64) 1(1.54) 0.08
A*02:01 17 (27.87) 17 (26.15) 17.62 B*14:01 1(1.64) 2 (3.08) 1.96 B*58:01 12 (19.67) 4 (6.15) 6.77
A*02:03 3 (4.92) 2 (3.08) 0.73 B*15:01 12 (19.67) 10 (15.38) 8.73 B*59:01 0(0.00)  4(6.5) 171
A*02:06 8(13.11) 10 (15.38) 9.46 B*15:11 3 (4.92) 0 (0.00) 1.55 B*67:01 1(1.64) 0 (0.00) 0.90
A*02:07 3(4.92) 4 (6.15) 3.51 B*27:05 3(4.92) 1(1.54) 3.10 C*01:02  20(32.79) 19 (29.23) 17.81
A*03:01 3(4.92) 1(1.54) 1.55 B*35:01 7(1.48)  11(16.92) 6.12 C*01:03 0 (0.00) 1(1.54) 0.08
A*03:02 1(1.64) 1(1.54) 0.08 B*37:01 0 (0.00) 2 (3.08) 2.12 C*03:02 11(18.03)  5(7.69) 7.42
A*TI:01 15 (24.59) 7 (10.77) 7.91 B*38:02 5 (8.20) 1(1.54) 0.82 C*03:03 6(9.84) 16 (24.62) 11.83
A*T1:02 0 (0.00) 1(1.54) 0.49 B*39:01 2 (3.28) 2(3.08) 0.90 C*03:04 8(1311)  15(23.08) 8.97
A*24:02 24 (39.34) 34 (52.31) 22.68 B*40:01 2 (3.28) 7 (10.77) 3.83 C*04:01 2 (3.28) 8 (12.31) 4.89
A*26:01 1(1.64) 7 (10.77) 2.61 B*40:02 3(4.92) 5 (7.69) 4.94 C*05:01 1(1.64) 2 (3.08) 1.47
A*96:02 2 (3.28) 1(1.54) 2.98 B*40:03 2 (3.28) 1(1.54) 0.57 C*06:02 0(0.00)  6(9.23) 6.36
A*29:01 0 (0.00) 2 (3.08) 0.33 B*40:06 5(8.20)  11(16.92) 3.59 C*07:01 2(3.28) 4 (6.15) 0.6
A*30:01 0 (0.00) 4 (6.15) 3.92 B*44:02 1(1.64) 2 (3.08) 1.47 C*07:02 6(9.84)  13(20.00) 7.26
A*30:04 2 (3.28) 2(3.08) 2,12 B*44:03 14 (22.95) 11 (16.92) 8.16 €*08:01 1(1.64) 10 (15.38) 6.93
A*31:01 5 (8.20) 4 (6.15) 4.57 B*46:01 7 (11.48) 2 (3.08) 5.06 C*08:02 0 (0.00) 2 (3.08) 1.96
A*32:01 0 (0.00) 1(1.54) 0.57 B*48:01 1(1.64) 4 (8.15) 3.91 C*12:02 2 (3.28) 4 (6.15) 3.10
A*33:03 97 (44.26)  21(32.31) 16.07 B*51:01 15 (24.59) 8 (12.31) 9.54 C*14:02 2 (3.28) 7 (10.77) 7.99
B*07:02 7(1.48)  6(9.23) 3.10 B*52:01 3(4.92) 5 (7.69) 2.85 C*14:03 0 (0.00) 7 (10.77) 514
B*07:05 0 (0.00) 2 (3.08) 0.41 B*54:01 7(11.48) 9 (13.85) 5.71 C*15:02 0 (0.00) 2 (3.08) 2.20
B*08:01 1(1.64) 1(1.54) 0.33 B*55:02 0 (0.00) 4 (6.15) 1.31 C*15:05 0 (0.00) 2 (3.08) 0.41
B*13:01 2 (3.28) 4 (6.15) 2.98 B*55:07 1(1.64) 0 (0.00) 0.08

ICM, iodinated contrast media; AF, allele frequency.

DISCUSSION

ICM-induced hypersensitivity remains a concern in practice because of the common use

of ICM worldwide and the possible occurrence of severe or even fatal hypersensitivity
reactions, although these are rare [19,20]. This hypersensitivity had been considered to be

a non-immunological reaction [4-6], but allergic, immediate (acute) and non-immediate
(delayed), reactions have been reported [7-10]. Thus, in this study we evaluated associations
between HLA-A, -B, and -C genotypes and susceptibility to ICM-induced hypersensitivity;
immediate and non-immediate of patients using at least one of the four ICMs, iopromide,
iohexol, iobitridol, and iodixanol, and immediate reaction after administration of iopromide
which was most commonly used ICM in hypersensitivity patients. Provocation tests such

as skin prick, intradermal, and patch test are recommended for the diagnosis of ICM
hypersensitivity in some patients who were suspected IgE or T-cell medicated reaction

[21]. However, these limited tests are not for prevention but for the evaluation of causative
agents and mechanisms. Genetic biomarker test is not only easier and more convenient but
may also be used as a predictive marker to prevent the reaction. In this study we identified
weak associations between HLA class I alleles and ICM-induced hypersensitivity in patients
with immediate reactions and iopromide-induced immediate reactions as a subgroup of
immediate cases, but not in a patient with non-immediate reactions. The association showed
that HLA-B*58:01 was a risk factor in the immediate hypersensitivity. It also showed that
HLA-B*38:02 and -B*58:01 were risk factors in iopromide-induced immediate hypersensitivity.
HLA-B*58:01 was a risk factor of both ICM-induced in at least one of four, iopromide, iohexol,
iobitridol, and iodixanol, and iopromide-induced immediate hypersensitivity reactions.

The risk factors were HLA-B alleles. A recent study has been reported that HLA can be a risk
factor even in immediate hypersensitivity reactions [15]. This study analyzed only anaphylaxis
cases, but we included all subjects who experienced immediate and non-immediate reactions
regardless of moderate severity. Thus there were no overlapped results as risk factors.
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It was reported that HLA-B*46:01 and HLA-B*58:01 as protective factors and HLA-B*15:11 as
arisk factor for carbamazepine-induced SJS/TEN in the Asian population [22]. HLA-B*58:01

is also a well-known risk factor of allopurinol-induced severe cutaneous adverse reactions

in populations of various ethnicities, especially Asians [12]. The effect of HLA on the
hypersensitivity reaction mechanism may differ depending on the type of drug or the
difference in the distribution of HLA according to ethnicity. Each HLA allele would synthesize
its own structure of MHC molecule. Depending on its final shape with drug antigen and a
self-peptide, it may have a positive or negative effect on recognizing binding structure by
TCR. The hypothesis that a specific HLA can play an opposite role in recognizing different
drugs is sufficiently understandable [23]. A risk factor for iopromide-induced hypersensitivity,
HLA-B*38:02was reported as a risk factor for an oxcarbazepine-induced maculopapular
eruption in the Chinese population [24]. Fifteen of 16 patients with HLA-B*58:01 also carried
HLA-A*33:03 and HLA-C*03:02, which could be explained as linkage disequilibrium, showing
6.77% haplotype frequency for HLA-B*58:01 and -C*03:02, and 3.34% haplotype frequency for
HLA-A*33:03, -B*58:01, -C*03:02, -DRB1*13:02, and -DQBI*06:09 among Koreans [18]. Patients
in the hypersensitivity group with HLA-B*58:01 could carry the HLA class II genes -DRBI*13:02
and -DQBI*06:09, which are possibly associated with risk or an additive effect, but we did not
determine HLA class II genotypes in this study.

Most patients with previous experiences of ICM-induced hypersensitivity were pretreated
with anti-histamines, systemic steroids, or systemic glucocorticoid and showed no adverse
reaction or less severe reactions than with prior ICM use. Thus, we cannot say that patients
who did not experience an event after a first hypersensitivity reaction were not at risk at that
time, including the risk of genetic effects.

In our previous retrospective study [3], we identified cancer as a risk factor for ICM-induced
hypersensitivity, which was explained partly by frequent contrast media exposure for follow-
up studies [3]. The proportions of cancer patients in immediate, non-immediate, and control
were similar (Table 1). In this study, 25 of 61 patients with ICM-induced hypersensitivity
experienced reactions on first ICM exposure. Reports have described the detection of ICM-
specific IgE antibodies and positivity on basophil activation tests [7] in patients who showed
immediate hypersensitivity at first contact. They discussed whether the reaction after first
exposure was immunogenic, but suggested the possibility of silent sensitization due to cross-
reactivity with an unknown molecule in immediate and non-immediate reactions [10,25]. An
advantage of this study was that patients in the control group were recruited prospectively,
and the possibility of a non-immediate reaction in them was eliminated almost completely.

This study has several limitations and weaknesses, including the small sample; insufficient
information on symptoms, including severity and onset time, in the retrospectively recruited
cases; and the omission of skin and in vitro tests to determine whether the reactions were IgE
or T cell mediated. However, the skin and in vitro tests are not perfect methods with 100%
sensitivity and specificity, so there is a limitation that negative results cannot be said not to
be IgE or T cell mediated response. Therefore, based on patients' history and symptoms,

the case patients were selected for ICM-induced hypersensitivity and statistically significant
factors were found. In this study, data analysis based on ICM type was performed only in
iopromide administration cases, which was the most common cause of hypersensitivity

in this study. For the analysis, the control included patients exposed to all ICMs, not only
iopromide. However, cross-reactivity at the T cell level among the ICM may occur [26,27]
and the similarity of chemical structures among various ICM may also result in the potential
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for cross-reactivity [27]. This study also revealed that only two of 18 patients with > 2 events
occurred after using the same ICMs. Non-immediate reactions have been reported at the
level of 1-3% with monitoring for 7 days after ICM exposure [28-30], but we did not monitor
prospectively recruited subjects for 7 days. In addition, we genotyped only HLA class I,
comprised of HLA-A, -B, and -C, and not HLA class II, which presents a limitation when
interpreting the results.

In conclusion, we evaluated the associations between ICM-induced hypersensitivity and
HLA class I alleles to assess the possibility that ICM-induced hypersensitivity is an immune-
mediated reaction and found weak associations. The mechanism of the hypersensitivity
remains unclear, but this study showed an association, although modest, with HLA-B*58:01
as a risk factor in patients with mild to moderate ICM-induced immediate hypersensitivity.
It also revealed risk factors, HLA-B*38:02 and -B*58:01 for a subgroup, iopromide-induced
immediate hypersensitivity. There was no significant association between ICM-induced
non-immediate hypersensitivity and HLA Class I alleles. We did not identify. Further studies
are needed to validate these associations in larger numbers of cases and to identify the
functional mechanism behind the results. Although the mechanism of the associations
between the HLA alleles and hypersensitivity was not revealed, these results may contribute
in part to determining the cause of ICM-induced hypersensitivity.
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