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Abstract

Background: Beta-lactam (BL) antibiotics hypersensitivity is common in children. Clinical manifestation of BL hypersen-
sitivity varies from mild to severe cutaneous adverse drug reactions (SCARs).

Objective: To determine the association of HLA genotype and BL hypersensitivity and the prevalence of true drug allergy
in patients with history of BL hypersensitivity.

Methods: A case-control study was performed in 117 children with aged 1-18 years. Children with history of non-SCARs
BL hypersensitivity were evaluated for true drug hypersensitivity including skin test and drug provocation test. Tolerant
control patients were children who could tolerate BL for at least 7 days without hypersensitivity reaction. HLA genotype
(HLA-A, HLA-B, HLA-C and HLA-DRB1) were performed in 24 cases and 93 tolerant controls using PCR-SSO (poly-
merase chain reaction - sequence specific oligonucleotide probes).

Results: There were association of HLA-C*04:06 (OR = 13.14, 95%CI: 1.3-137.71; p = 0.027), and HLA-C*08:01 (OR = 4.83,
95%CI: 1.93-16.70; p = 0.016) with BL hypersensitivity. HLA-B*48:01 was strongly associated with immediate reaction from
BL hypersensitivity (OR = 37.4, 95%CI: 1.69-824.59; p = 0.016) while HLA-C*04:06, HLA-C*08:01 and HLA-DRBI*04:06
were associated with delayed reaction (p < 0.05). Among 71 cases who were newly evaluated for BL hypersensitivity, only 7
cases (9.8%) had true BL hypersensitivity.

Conclusions: Less than 10% of children with suspected of BL hypersensitivity have true hypersensitivity. There might be a
role of HLA-B, HLA-C and HLA-DRBI genotype in predicting BL hypersensitivity in Thai children.
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Introduction

Beta-lactam (BL) antibiotics including penicillin and ceph-
alosporin antibiotics are commonly used for bacterial infection
in children. Approximately 10-20% of children receiving beta-
lactam antibiotics develop hypersensitivity reaction."” Drug
hypersensitivity reactions can be classified simply as immediate
or delayed reaction. Immediate reactions occur within 1 hour
after intake of the drug and are often mediated by IgE antibod-
ies.* Clinical symptom of immediate reaction can be local organ
involvement such as urticaria, angioedema, bronchospasm,

gastrointestinal symptoms, and multi-organ involvement as
anaphylaxis. Non-immediate or delayed reactions occur later
than 1 hour. Its clinical can be maculopapular rash, fixed
drug eruptions, and severe cutaneous adverse drug eruptions
(SCARs) including exfoliative dermatitis, acute generalized
exanthematous pustulosis (AGEP), Stevens-Johnson syndrome
(SJS), toxic epidermal necrolysis (TEN), and drug reaction with
eosinophilia and systemic symptoms (DRESS).? In children, it
is difficult to distinguish rashes from viral exanthem and drug
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induced hypersensitivity. As a result, antibiotics hypersen-
sitivity is over-diagnosed and leading to administration of
alternative antibiotic with increasing costs and development of
drug resistance due to the increased usage of broad spectrum
antibiotics.®

Recently there is increasing evidence on the role of phar-
macogenomics testing in pediatric patients to predict the dose
requirement, efficacy and adverse drug reaction.” However,
ethnicity also has an impact on the genetic frequency. HLA-
B*15:02 has been demonstrated to have a strong association
with carbamazepine induced SJS/TEN in Han Chinese® and
Thais>'® but not in Japanese or European population.'’ Rec-
ommendation to screen for HLA-B*15:02 before prescribing
carbamazepine'>”® has been used in several Asian countries
including Thailand. We have recently demonstrated the role of
pharmacogenetics testing in predicting phenytoin hypersensi-
tivity'* and phenobarbital hypersensitivity.'>'® However, there
is limited study investigating the association between HLA
genotypes and BL hypersensitivity in children. The present
study aimed to determine the association of HLA genotype and
beta lactam hypersensitivity in children and demonstrated the
prevalence of true drug hypersensitivity in patients with history
of BL hypersensitivity.

Methods
Subjects

A case-control study was performed in 117 children at
Department of Pediatrics, Faculty of Medicine Ramathibodi
Hospital, Mahidol University, Bangkok, Thailand. Cases were
Thai children aged 1-18 years with confirmed diagnosis of BL
hypersensitivity defined as positive BL hypersensitivity in-
vestigation in addition to having history of suspected BL hy-
persensitivity or having the diagnosis of SCARs from BL. The
diagnosis of SCARs were confirmed by either an allergist or a
dermatologist, and their decisions were based on the clinical
criteria for SJS/TENY and DRESS.! Tolerant controls were
healthy Thai children with no allergic reaction to BL drug
provocation (drug tolerance). This study was reviewed and
approved by the human rights and ethic committee of Faculty
of Medicine, Ramathibodi Hospital, Mahidol University (ID
01-57-17).

True BL hypersensitivity investigation

All subjects with suspected BL hypersensitivity without
clinical of severe cutaneous adverse drug eruption (SCARs)
were evaluated for the confirmation of true BL hypersensitiv-
ity as previously reported.” Briefly skin prick test was initially
performed followed by intradermal skin test if the result of
skin prick test was negative. Drug provocation test (DPT) was
performed in cases with negative skin test result.

HLA Genotyping

After written informed consent was obtained, the genomic
DNA was extracted from the peripheral blood and diluted to
20 ng/pL, according to the established DNA extraction protocol
protocols of the manufacturer. The HLA genotype determina-
tion and the data analysis was performed by WAKflow software
(Wakunaga, Osaka, JAPAN). HLA genotyping was based on the

reverse sequence-specific oligonucleotide probes (SSO). The
HLA genotyping is typed to 2-fileld (4 digits).

Statistical analysis

Data analysis was performed using SPSS 18.0 software
package and R console 3.1.1 statistical software for window
(http://cran.r-project.org/). Descriptive statistic were used for
demographic data. Genotype carrier rate were compared be-
tween the drug allergy group and the drug tolerance group.
The associations of HLA alleles/ genotype carrier rate with BL
hypersensitivity were determined by Fisher’s exact test, and the
strength of association was estimated by calculating the odds
ratios (ORs) and 95%confidence intervals (CIs). Haplotype
association analysis were carried out using ‘haplo.stats’ pack-
ages. The test associations were determined from P-values.
ORs and 95% CIs were obtained using inferred counts of
haplotypes. A p-value less than 0.05 was considered statistically
significant.

Results

One hundred and seventeen subjects were enrolled : 71
children with suspected of BL hypersensitivity who were
evaluated for true BL hypersensitivity,15 cases of previously
confirmed BL hypersensitivity, 2 cases with the diagnosis of
SCARS (1 SJS and 1 DRESS) and 29 children with known
BL tolerance. All 71 children who underwent for true BL
hypersensitivity had histories of reactions after exposure to
BL as follow: 30 with urticaria/angioedema, 3 with anaphy-
laxis, 37 with maculopapular eruption and 1 with fixed drug
eruption. Only 7 (9.8%) out of 71 children with suspected of
BL hypersensitivity were confirmed to have BL hypersensitiv-
ity (Figure 1) A total of 24 children with confirmed BL hyper-
sensitivity (case) and 93 children with BL tolerance (control)
were analyzed in the case control study. There was no signif-
icant differences in the mean age between case and control
(9.04 £ 4.31 year vs 8.03 + 4.12 year, p = 0.51). Amoxicillin
was the most common cause of true BL hypersensitivity in
our study (58.3%), followed by amoxicillin-clavulanic acid
(16.7%), ceftriaxone (8.3%), cloxacillin (8.3%), ampicillin/
salbactam (4.2%) and meropenem (4.2%). Fourteen (58.3%) of
24 children had immediate reactions. Urticarial rash appeared
in 14 children, two children were diagnosed anaphylaxis,
maculopapular eruptions were presented in 5 children and
SCARs were diagnosed in 2 cases (1 case with DRESS, 1 case
with SJS) (Table 1).

Association of HLA genotype Carrier Rates and the BL hyper-
sensitivity

The HLA-A, HLA-B, HLA-C and HLA-DRBI genotypes
of BL hypersensitivity are listed in Table 1. There are trends
of higher carrier rates of HLA-B*48:01 and HLA-DRBI1*04:06
in the BL hypersensitivity than those in the BL tolerant con-
trol group (8.3% vs. 0%, OR 20.78; 95%CI: 0.96-448.06; p =
0.053, pc = ns). Significant association of HLA-C*04:06 and
HLA-C*08:01 with the BL hypersensitivity was demonstrated.
The carrier rates of HLA-C*04:06 were 12.5% and 1.1% in chil-
dren who had BL hypersensitivity and those who could toler-
ate BL, respectively (OR = 13.14, 95%CI: 1.3-132.71; p = 0.027,
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Figure 1. The flow of patient enrollment.
Table 1. HLA class I genotypes of beta-lactam hypersensitivity reaction
D Drug Clinical ~ Type P"lfeizitve HLA- A HLA- B HLA- C HLA- DRB1
1 cloxacillin anaphylaxis I DPT A*02:03 A*29:01 B*18:01 B*37:01 C*06:02  C*07:01 DRBI1*10:01 DRBI1%14:10
2 amoxicillin anaphylaxis I ID A*02:01  A*02:03 B*15:02  B*18:01 C*07:04 C*08:01 DRBI*12:02  DRBI*15:02
3 amoxicillin urticaria I DPT A*11:01 A*11:01 B*13:01 B*39:01 C*03:04 C*07:01 DRBI1*04:03 DRBI1*15:01
4 amoxicillin urticaria I DPT A*02:07 A*11:01 B*15:02  B*56:02 C*01:02 C*08:01 DRBI*14:01  DRBI*15:02
5  amoxicillin urticaria I SPT A*02:01 A*02:07 B*15:01 B*40:02  C*03:03 C*15:02 DRB1*04:05 DRBI1%16:02
6  amoxicillin urticaria I D A*02:01  A*26:01 B*38:01  B*52:20 C*07:01 C*12:02  DRBI*14:04  DRBI*15:01
7 amoxicillin urticaria I ID A*11:01  A*34:01 B*15:141 B*40:87 C*07:01 C*07:02  DRBI*12:01  DRBI*15:02
8  ceftriaxone urticaria I DPT A*02:07 A*24:07 B*35:05  B*48:01 (C*04:01 C*08:01 DRBI*04:05  DRBI*07:01
9  amoxicillin urticaria I SPT A*02:03 A*33:03 B*13:01 B*44:03  C*04:06 C*07:01 DRBI1*07:01 DRBI1%12:02
10 amoxicillin urticaria I D A*02:07 A*33:03 B*44:03  B*46:01 C*01:02 C*07:01  DRBI*07:01  DRBI*12:02
11 amoxicillin urticaria I D A*11:01  A*24:02 B*15:01  B*46:01 C*01:02 C*04:01  DRBI1*04:05  DRBI*16:02
12 amoxicillin urticaria I SPT A*11:01  A*11:01 B*27:06  B*48:01 C*01:02 C*03:04 DRBI*12:02  DRBI*15:02
13 amoxicillin urticaria I D A*11:02  A*33:03 B*13:01  B*44:03 C*07:01 C*12:02  DRBI*07:01  DRBI*14:01
14 cloxacillin urticaria I SPT A*23:14  A*33:59 B*40:01  B*58:01 C*03:02 C*03:04 DRBI*07:01  DRBI*1I:01
15 Amoxi/clavu  urticaria D ID A*02:07 A*11:01 B*38:02 B*46:01 C*01:02  C*07:01 DRBI1*11:01 DRBI1*16:02
16  amoxicillin urticaria D DPT A*02:07 A*11:01 B*07:05 B*13:01 C*03:04 C*04:06 DRBI*12:02 DRBI1*16:02
17  Amoxi/clavu  Fix drug D D A*11:01  A*11:01 B*08:01  B*15:02 C*07:01 C*08:01 DRBI*03:01  DRBI*12:02
18 Amoxi/clavu  MPE D ID A*11:.01 A*24:02 B*27:06 B*40:01 C*03:04 C*07:01 DRB1*04:06  DRBI1*16:02
19  ceftriaxone MPE D ID A*02:03 A*33:03 B*13:01 B*44:03  C*04:06 C*07:01 DRBI1*07:01 DRBI1*16:02
20  amoxicillin MPE D DPT A*11:01 A*11:01 B*35:03 B*40:01 C*03:03  C*04:01 DRB1*04:06  DRBI1*12:02
21 amoxicillin MPE D DPT A*11:01  A*24:02 B*40:01  B*54:01 C*01:02 C*07:01  DRBI*04:04  DRBI*04:05
22 Amoxi/clavu = MPE D DPT A*01:01  A*24:07 B*13:01 B*15:02 C*07:01 C*08:01 DRBI1*12:02 DRBI1%15:02
23 Ampi/sulbac  SJS D ND A*11:01  A*24:02 B*18:01  B*52:01 C*05:01 C*12:02  DRBI*0403  DRBI*04:84
24  meropenam DRESS D ND A*24:02  A*74:01 B*15:02 B*15:02 C*08:01 C*08:01 DRBI1*12:02 DRBI1%14:22

amoxi/clavu = amoxicillin-clavulanic acid, ampi/sulbac = ampicillin/salbactam, I = immediate reaction, D = Delayed reaction, MPE = maculopapular eruption, SJS =
Stevens - Johnson syndrome, DRESS = Drug reaction with eosinophilia and systemic symptoms. SPT = skin prick test, ID-intradermal skin test, DPT = drug provo-
cation test. ND = not done. Alleles with significant higher carrier rate compared with tolerant control are highlighted in bold.
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Table 4. The association of HLA haplotype and BL hypersensitivity

Delayed reaction

Immediate reaction

All case

OR (95%CI) P-value

=93)

Tolerance
(n

Case
(n=10)

OR (95%CI) P-value

Tolerance
(n=93)

Case
(n=14)

OR (95%CI) P-value

=93)

Tolerance
(n

Case
(n=24)

Haplotypes

0.186

10.22
(0.59-17762)

0.007*

25.1
(2.40-262.56)

0.006*

18.40
(1.95-173.53)

A*33:03-B*44:03

(1.08)

(10)

(1.08)

(21.43)

(1.08)

(16.67)

0.019*

9.54
(1.77-51.32)

0.176

371
(0.61-22.46)

0.017*

5.86
(1.44-23.86)

B*15:02-C*08:01

(4.3)

(30)

(4.3)

(14.28)

(4.3)

(20.83)

0.406

2.47
(0.25-24.56)

0.046*

6.07
(1.20-30.75)

0.054

4.45
(1.025-19.32)

B*44:03-C*07:01

(4.3)

(10)

(4.3)

(21.43)

(4.3)

(16.67)

0.266

5.06
(0.42-61.36)

0.016*

12.41
(1.86-82.59)

0.016*

9.10
(1.56-53.16)

4
(16.67)

A*33:03-B*44:03-C*07:01

(2.16)

(10)

(2.16)

(21.43)

(2.16)

Values presented as N (%), P-value corresponds to Chi-square test or Fisher’s exact test. OR, odd ratios were calculated using dominant model; 95%CI, 95% Confident Interval; P, P-value; ns, not significant; * P < 0.050*

pc =ns). HLA-C*08:01 carrier rates were 25% and 6.4% in chil-
dren who had BL hypersensitivity and those who could toler-
ate BL, respectively (OR = 4.83, 95%CI: 1.93-16.70; p = 0.016,
pc = ns) (Table 2). HLA allele frequency and the OR among
those with the HLA-B*48:01, HLA-C*04:06, HLA-C*08:01,
HLA-DRBI1*04:06 were demonstrated in Table 2. The hap-
lotype analysis revealed that the frequencies of the HLA-A*
33:03-B*44:03, HLA-B*15:02-C*08:01 and HLA-A*33:03-B*44
:03-C*07:01 haplotypes in the BL hypersensitivity group were
statistically significantly different from those in the tolerant
control group. The OR of BL hypersensitivity among patients
with the HLA-A*33:03-B*44:03 haplotype was 18.40 (95%CI,
1.95-173.53; p = 0.006), the OR among those with the HLA-B*
15:02-C*08:01 haplotype was 5.86 (95%CI, 1.44-23.86; p
= 0.017, and the OR among those with the HLA-A*33:03-
B*44:03-C*07:01 haplotype was 9.10 (95%CI, 1.56-53.16; P =
0.016 ; Table 4).

Association of HLA Allele Carrier Rates and the BL induced
immediate or delayed hypersensitivity reaction

In subgroup analysis according to type of reaction, all chil-
dren who carried HLA-B*48:01 had immediate reaction from
BL (OR 37.4; 95%CI 1.69-824.59; p = 0.016) and all children
who carried HLA-DRB1*04:06 had delayed reaction from BL
(OR 55; 95%CI 2.43-1241.19; p = 0.008, pc = ns). Significant
association of HLA-C*04:06 and HLA-C*08:01 with the BL
induced delayed hypersensitivity reaction were demonstrated
(Table 3). The haplotype analysis revealed that the frequen-
cies of the HLA-A*33:03-B*44:03, HLA-B*44:03-C*07:01 and
HLA-A*33:03-B*44:03-C*07:01 haplotypes in the BL induced
immediate reaction group were statistically significantly dif-
ferent from those in the tolerant control group. The OR of BL
hypersensitivity among patients with the HLA-A*33:03-B*44:03
haplotype was 25.1 (95%CI, 2.40-262.56; p = 0.007), the OR
among those with the HLA-B*44:03-C*07:01 haplotype was
6.07 (95%CI, 1.20-30.75; p = 0.046, and the OR among those
with the HLA-A*33:03-B*44:03 -C*07:01 haplotype was 12.41
(95%CI, 1.86-82.59; p = 0.016 ; Table 4). Haplotype analysis
in BL induced delayed reaction revealed that only HLA-B*
15:02-C*08:01 haplotype were statistically significantly differ-
ent from those in the tolerant control group with the OR 9.54
(95%CI, 1.77-51.32; P = 0.019).

Comparison of HLA allele carrier rates in the BL hypersensi-
tivity and in the general Thai population

Comparison to the HLA allele carrier rate in the general Thai
population, HLA-B*48:01 and HLA-C*04:06 were significantly
associated with BL hypersensitivity (OR = 11.71, 95%CI: 2.15-
63.71; p = 0.023, pc = ns and OR = 4.74, 95%CI: 1.30-17.25; p
=0.039, pc = ns, respectively. However, there was no significant
association of HLA-C*08:01 with BL hypersensitivity (Table
5). In subgroup analysis according to type of hypersensitivity
reaction, HLA-B*48:01 was significantly associated with BL
induced immediate hypersensitivity reaction (OR = 21.47,
95%CI: 3.78-121.87; p = 0.008, pc = ns , while HLA-C*04:06 was
significantly associated with BL induced delayed hypersensitiv-
ity reaction (OR = 8.28, 95%CI: 1.65-41.69; p = 0.037, pc = ns)
(Table 6).
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Discussion

We have demonstrated that the prevalence of true BL hy-
persensitivity is only 9.8% in children who had history of
suspected of BL hypersensitivity. This finding was similar to
a previous study in 783 patients with symptoms suggestive of
BL hypersensitivity. Only 62 cases (7.9 %) were confirmed to
have BL hypersensitivity.”” BL antibiotics are one of the most
common drug allergies since they are the most prescribed drugs
worldwide.?® Investigation for drug hypersensitivity reaction
require both skin test and drug provocation test. Among 7
children who were confirmed to have BL hypersensitivity reac-
tions in our study, 3 (42.8 %) children were diagnosed by skin
tests and 4 (57.2 %) by drug provocation test. As a result, both
skin test and drug provocation have to be included for drug
hypersensitivity investigation.

The current study have shown the associations of HLA-B*
48:01, HLA-C*04:06, HLA-C*08:01 and HLA-DRBI1*04:06 and
BL hypersensitivity. HLA-B*48:01 has been shown to be associ-
ated with the BL induced immediate hypersensitivity reactions
while HLA-C*04:06, HLA-C*08:01 and HLA-DRB1*04:06 were
shown to be associated with the BL-induced delayed hyper-
sensitivity reactions. Previous studies have demonstrated the
associations with Th2 cytokine-related genes and beta-lactam-
induced immediate hypersensitivity reactions.” However, there
is limited study reporting on the association of beta-lactam-
induced immediate reaction and HLA class I genotype. The
association with HLA-DRBI*09 and immediate hypersensi-
tive reaction to penicillin has been reported in Chinese pop-
ulation.”> However, we could not demonstrate the association
between HLA-DRBI*09 and the BL-induced immediate hy-
persensitivity reaction. There were no children in the current
study who developed immediate reaction from BL who car-
ried HLA-DRBI*09. Since the HLA-B*48:01 allele frequency in
Thai population is only 0.2%* and the BL-induced immediate
hypersensitivity reaction ranging from acute urticaria to severe
systemic allergic reaction or anaphylaxis. Based on our result,
we would suggest using antibiotic other than beta-lactam anti-
biotics in Thai children who were known to carry HLA-B*48:01
for avoiding the severe immediate drug hypersensitivity reac-
tion.

HLA-C*08:01 is a common allele in Thai population with
the allele frequency of 15.75%.* HLA-C*08:01 was reported
to be associated with co-trimoxazole-induced severe cutane-
ous reactions in HIV infected Thai adults.** We have shown
the association of HLA-C*08:01 and the BL-induced delayed
hypersensitivity reactions. HLA-C*08:01 allele frequency in
our tolerant control is 3%, which is significantly lower than
Thai general population (15.75%), this is the usual patterns of
association where the pharmacogenetics risk increase frequen-
cy in case and decrease frequency in control groups, when
compared with frequency in general population. The low allele
frequency of HLA-C*08:01 in tolerant control may explain the
reason why the significant association of HLA-C*08:01 and BL
hypersensitivity was demonstrated only in the comparison with
tolerant control but not in population control. We hypothesize
that HLA-C*08:01 possibly be the risk allele for BL hypersensi-
tivity. Since all tolerant control were challenged with BL, conse-
quently children who carry at risk allele (such as HLA-C*08:01)
would develop BL hypersensitivity and converted to cases group,

resulting in the low HLA-C*08:01 allele frequency in our toler-
ant control. However, a further study with a larger number of
children with BL hypersensitivity and tolerant control should be
replicated to validate this observation.

We have shown the association of HLA-C*04:06 and BL-
induced delayed hypersensitivity reactions. Two out of 10
children who had delayed hypersensitivity reaction from BL
carried HLA-C*04:06 while only 1 in 93 tolerant control chil-
dren carried this allele. However, there is no previous report
on the association of HLA-C*04:06 and drug hypersensitivity.
HLA-C*04:06 is an uncommon HLA allele in Thais and world-
wide, HLA-C*04:06 allele frequency was reported as low as 0 to
0.82%.”

The allele frequencies of HLA-DRB1*04:06 in Thai popula-
tion were reported ranging from 0.2-4.3%.% A recent study has
reported the association of HLA-DRB1%*04:06 in statin-related
myopathy in Japanese patients.® However, there is no previ-
ous report on the role of HLA-DRBI1*04:06 and BL hypersen-
sitivity reactions. We have demonstrated the associations of
HLA-C*04:06, HLA-C*08:01 and HLA-DRBI*04:06 and the
BL induced delayed hypersensitivity reactions. BL induced
delayed hypersensitivity reactions is the T cell mediated drug
hypersensitivity requiring T cell-HLA interaction. A recent
study have demonstrated the shared peptide binding of HLA
Class I and II alleles associate with cutaneous nevirapine hy-
persensitivity.”” However, we did not evaluate for the similar-
ities between binding specificities for our identified HLA risk
alleles.

The current study have shown that the frequencies of the
HLA-A*33:03-B*44:03, HLA-B*15:02-C*08:01 and HLA-A*33:
03-B*44:03-C*07:01 haplotypes in the BL hypersensitivity
group were statistically significantly different from those in
the tolerant control group. HLA-A*33:03-B*44:03 and HLA-
B*15:02-C*08:01 haplotype were reported as haplotype risk al-
leles for cold medicine-related Stevens-Johnson syndrome with
severe ocular complication® and for co-trimoxazole-induced
severe cutaneous reaction* in Thailand. Since BL is commonly
used for the treatment of respiratory tract infections. It is high
possibility that our enrolled patients had been prescribed with
other cold medicines along with BL resulting the association of
these haplotypes and BL hypersensitivity in the current study.

The strength of our study is that all of BL hypersensitivity
cases except for BL induced SCARs underwent investigation
for drug hypersensitivity including skin test and drug provo-
cation test and all of the control cases were BL tolerant control.
However, our study still has limitations. Firstly, we have enrolled
a limited number of SCARs. Secondly, there were no BL tolerant
control children carried HLA-B*48:01, and HLA-DRBI1*04:06
alleles due to these HLA alleles are uncommon in Thais which
may have an effect on the wide range of 95%CI for these two
alleles. A larger sample size in both case and tolerant control
may be needed to validate our result.

In conclusion, we have shown that true BL hypersensitivity
is approximately 10% in children with history of BL hypersen-
sitivity. HLA-B*48:01, HLA-C*04:06, HLA-C*08:01 and HLA-
DRBI*04:06 may be associated with the BL hypersensitivity in
Thai children. These findings highlight the potential role for
HLA genotype in predicting the BL hypersensitivity in children.
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