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Drug hypersensitivity reactions are an important public
health problem due to their potential to cause life-
threatening anaphylaxis and rare severe cutaneous adverse
reactions (SCAR). Drug hypersensitivity can be induced by
immunologically mediated reactions (referred as drug aller-
gies) as well as non-allergic direct mast cell-mediated drug
reactions.

Immunologic reactions have been divided into four catego-
ries according to the classical Gel and Coombs system:
type I reactions, which are immediate in onset and mediat-
ed by IgE and mast cells and/or basophils; type II reactions,
which are delayed in onset and caused by antibody-
(usually IgG) mediated cell destruction; type III reactions,
which are delayed in onset and caused by IgG drug im-
mune complex deposition and complement activation; and
type IV reactions, which are delayed in onset and are T cell
mediated [1]. According to the World Allergy Organization
(WAO), drug hypersensitivity reactions can also be catego-
rized into immediate reactions and delayed reactions based
upon the timing of the appearance of symptoms [2].

Immediate-type reactions usually occur within minutes or
hours of drug exposure. The clinical manifestations range
from pruritus, urticaria, angioedema, and bronchospasm to
anaphylaxis. Type I reactions require the presence of drug-
specific IgE or the portion of the drug that forms a hapten
complex. Drug-specific IgE is produced upon the first ex-
posure to the drug antigen, and then, it binds to basophils or
mast cells with the high-affinity Fc receptor. Upon the next
exposure to the same drug, two or more IgE molecules on
the basophil or mast cell surface may then bind to one mul-
tivalent antigen molecule, initiating a series of cellular acti-
vation events. This activation causes the extracellular re-
lease of granules with preformed inflammatory mediators,
including histamine, leukotrienes, prostaglandins, heparin,
and other cytokines [3]. IgE-mediated immunologic drug
allergy represents a smaller fraction of drug hypersensitivi-
ty compared with nonimmunologic drug hypersensitivity
[4]. According to the WAO classification system, immuno-
logic anaphylaxis can be caused by an IgE-mediated or non
-IgE-mediated mechanism, whereas nonimmunologic ana-
phylaxis involves direct mast cell activation [2]. Regardless
of the underlying mechanism, however, the clinical
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symptoms of both types of anaphylaxis are similar and of-
ten indistinguishable.

Delayed-type reactions consist primarily of type IV reac-
tions, which are T cell-mediated delayed-type drug
hypersensitivity reactions. These reactions usually take sev-
eral days or even weeks to manifest following drug expo-
sure. These manifestations range from mild maculopapular
exanthema (MPE), contact dermatitis, chronic allergic rhi-
nitis, chronic asthma, nephritis, hepatitis, and fixed drug
eruptions (FDEs) to life-threatening SCAR. SCAR includes
drug reactions with eosinophilia and systemic symptoms
(DRESS)/drug-induced hypersensitivity syndrome (DIHS),
Stevens—Johnson syndrome (SJS) and toxic epidermal
necrolysis (TEN), and acute generalized exanthematous
pustulosis (AGEP) [5].

The MPE phenotype consists of self-limited diffuse ery-
thematous macules and papules without systemic involve-
ment [6].

DRESS syndrome, meanwhile, is characterized by cutane-
ous involvement with typical skin eruptions (e.g., exfolia-
tive dermatitis and generalized maculopapular exanthema),
fever, atypical lymphocytosis, eosinophilia, lymphadenopa-
thy, and systemic involvement (e.g., liver involvement and
kidney involvement). This hypersensitivity syndrome was
first named after many different terms had already been
used to describe the syndrome, with those terms, such as
“anticonvulsant hypersensitivity syndrome,” “allopurinol
hypersensitivity syndrome,” and “sulfone syndrome,” pri-
marily depending on the culprit drug involved [7, 8]. The
term “DRESS” was initially proposed by Bocquet et al. in
1996 in order to provide a more concise description of the
syndrome [9].

SJS and TEN (SJS/TEN) are characterized as a rapidly pro-
gressing blistering exanthema of purpuric macules and tar-
get-like lesions accompanied by mucosal involvement and
skin detachment. SJS is defined as involving less than 10%
body surface area skin detachment, SIS-TEN overlap as
involving 10-29%, and TEN as involving more than 30%
[10].

AGEP, meanwhile, typically presents as a sudden eruption
of small nonfollicular pustules on a background of erythe-
ma with systemic involvement along with fever and neutro-
philia [11].

Most forms of drug hypersensitivity involve T cell-
mediated immune responses against specific drug/peptide
antigens, leading to various clinical phenotypes. T cell re-
ceptor (TCR), CD4", and CD8" T cells are involved in the
different delayed-type drug hypersensitivity reactions [12].

The molecular mechanisms and checkpoints for drug hy-
persensitivity include T cell activation and immune re-
sponses, cytotoxic proteins and cytokine/chemokine secre-
tion and the cell death mechanisms (e.g., miR-18a-5p-
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induced apoptosis in keratinocytes). In addition, genetic
polymorphisms and specific HLA loci also play an im-
portant role (e.g., HLA-B*15:02 for carbamazepine- (CBZ-)
induced SJS/TEN, HLA-B*58:01 for allopurinol-induced
SCAR, and HLA-B*57:01 for abacavir-induced hypersensi-
tivity reactions). Moreover, environmental factors, autoim-
mune disorders, and patients with a prior medical history
of viral infection have also been reported to be implicated
in susceptibility to drug hypersensitivity. Immediate-type
hypersensitivity reactions may range from urticaria and
angioedema to severe fatal reactions, such as bron-
chospasm and anaphylaxis. Anaphylaxis is a life-
threatening systemic hypersensitivity reaction mainly me-
diated by mast cells and basophil activation via IgE-
mediated, non-IgE-mediated, or nonimmunologic mecha-
nisms. Drugs are the most common anaphylaxis triggers in
adults, while foods are the most common triggers in chil-
dren and teenagers [13]. The incidence of drug-induced
anaphylaxis has been reported to range from 0.04 to 3.1%,
with a mortality rate of around 0.65% [2]. NSAIDs are the
main culprits, followed by beta-lactam antibiotics [14, 15].
Perioperative anaphylaxis also remains an issue due to the
administration of various combinations of neuromuscular
blocking agents (NMBAs), induction agents (e.g.,
propofol, etomidate, midazolam, and ketamine), and antibi-
otics [16, 17]. Nonsteroidal anti-inflammatory drugs
(NSAIDs) (with the exception of pyrazolones) are believed
to rarely be among the causes of IgE-mediated anaphylax-
is, but such anaphylaxis is more commonly related to an
aberrant arachidonic acid metabolism [18—20]. The non-
IgE-mediated immunologic mechanisms can be mediated
by IgG antibodies, as well as by complement or contact
system activation, but non-IgE-mediated anaphylaxis is
clinically indistinguishable from IgE-mediated anaphylaxis
[21, 22]. The causes of non-IgE-mediated immunologic
anaphylaxis include biologics, lipid incipients, and dextran
[2]. In contrast, nonimmunologic anaphylaxis, previously
regarded as a form of pseudoallergic drug reaction, in-
volves the direct stimulation of mast cell degranulation.
These reactions are limited to certain groups of drugs, in-
cluding NSAIDs, such as aspirin, as well as opiates, vanco-
mycin, quinolones, and NMBAs [22, 23]. For radiocontrast
media-induced anaphylaxis, the mechanisms are not entire-
ly clear and several mechanisms may be involved, includ-
ing IgE-mediated or direct stimulating histamine release or
the activation of the complement cascades [22, 24, 25].

Genetic predisposing factors have been reported in cases of
immediate-type drug hypersensitivity resulting from the
use of beta-lactams, aspirin, and other NSAIDs. Interest-
ingly, HLA class II genes (HLA-DRA and the HLA-
DRA|HLA-DRBS interregion) have been linked to immedi-
ate reactions to beta-lactams [26]. The genetic variants of
proinflammatory cytokines (/L4, IL13, IL10, IL18, TNF,
and /FNGR1), the cytokine receptor (/L4R) are also
strongly associated with beta-lactam-induced immediate
reactions [27-33]. HLA-DRB1"'13:02 and HLA-
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DRBI1 D06:09 are associated, meanwhile, with aspirin-
induced urticaria/angioedema [34]. In addition, HLA-

B44 and HLA-CwS5 have also been reported to be associat-
ed with chronic idiopathic urticaria associated with aspirin-
and/or NSAID-induced hypersensitivity [35]. Several ge-
netic predisposing factors have been reported to be associ-
ated with immediate-type aspirin hypersensitivity, with
those factors involving cytokines (TGFB1, TNF, and IL18)
and the production and release of mediators (LTC4S,
TBXA2R, PTGER4, FCER1A, MS4A2, FCER1G, and
HNMT) [36, 37]. Immediate-type hypersensitivity to
NSAIDs has also been reported to be associated with genes
belonging to the arachidonic acid pathway

(ALOX5, ALOX5AP, ALOX15, TBXAS1, PTGDR,

and CYSLTRI) [32, 38].

Recently, the number of pharmacogenetic studies of HLA-
associated drug hypersensitivity and related drug-induced
syndromes, such as fixed drug reaction, delayed rash, lupus
erythematosus, drug-induced liver disease, DRESS/DIHS,
SJS, and TEN, has been increasing. These associations are
usually drug and ethnic specific, which implies that specific
HLA molecules may have higher binding affinities for spe-
cific drug antigens and present the drug antigens to specific
TCRs, causing a series of T cell activations and adverse
immune responses.

Drugs are considered to be foreign antigens and bind to the
HLA/peptide/TCR complex to trigger immune and hyper-
sensitivity reactions. There are four hypotheses regarding
drug presentation mechanisms that have been proposed to
explain how small drug antigens might interact with HLA
and TCR in drug hypersensitivity: (1) the hapten theory, (2)
the pharmacological interaction with immune receptors (p-
1) concept, (3) the altered peptide repertoire model, and (4)
the altered TCR repertoire model [39-43].

In addition to drug antigens, hypersensitivity reactions may
be induced by other pathogens, such as Mycoplasma pneu-
monia, or viral infections. Virus-drug interactions associat-
ed with viral reactivation may also exist. For example, it is
well known that human herpesvirus-6 (HHV-6) plays an
important role in DRESS/DIHS. HHV-6 reactivation in
patients with DRESS/DIHS may increase T cell activity
after the initiation of the drug eruption and induce the syn-
thesis of proinflammatory cytokines, including TNF-a and
IL-6 [45]. Shiohara et al. reviewed the associations be-
tween viral infections and drug rashes. The sequential reac-
tivations of several herpes viruses (HHV-6, HHV-7, Ep-
stein-Barr virus (EBV), and cytomegalovirus (CMV)) were
found to be coincident with the clinical symptoms of drug
hypersensitivity reactions [46]. A new variant of cox-
sackievirus A6 (CVAG) acting as the causative agent may
induce widespread mucocutaneous blistering reactions
mimicking the features of erythema multiforme major. In
addition, the virus may also participate in HLA/drug/TCR
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Do6m8mop9bL IgE 99ds60Bdoo gob3ocmmdgdmwo
365830 sgdlool F0BYBL, MMBEs Sgmo GHo3ob
365530¢5gdl05 5353300900 SMI>J0EMBOL F5535L
39G50E0BINb [18-20]. s6r5-IgE 456306H:Mdgdwmo
039960@Ma019H0 95930900 godwgsegdmwos IgG
363G olbgMgdom, sligzg 333 gdgbE ol Lolidgdol
5930353000, ®I3s 3¢0b03MEMo© Fom0o 2oblbgaggds
IgE 25630603900 H95gd30900L956 d919dangdge0s
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interactions [44].The presence of HHV peptides in patients
with high-risk HLA alleles may trigger the activation of
cytotoxic T cells, thereby resulting in the development of
SCAR. The pathogenic factors underlying the unusual
presentations of drug hypersensitivity related to viral infec-
tions need to be further investigated.

The most commonly used laboratory test for confirming a
diagnosis of anaphylaxis consists of determining the pa-
tient's total serum tryptase level [47]. Serial measurements
of tryptase levels can be taken during an anaphylactic epi-
sode, although measurements of the baseline level are con-
sidered to be most useful. In fact, while serial measure-
ments of tryptase levels taken during an anaphylactic epi-
sode can serve as useful markers for evaluating these reac-
tions, this approach is not used so widely in clinical prac-
tice due to the limitations involved in measuring tryptase
during the acute phase of an episode. Elevated levels of
histamine, the first mediator released by mast cells, in
plasma or urine are also consistent with anaphylaxis [2].
However, plasma histamine levels are only transiently ele-
vated, making them of little utility if the patient is evaluat-
ed more than 1 hour after onset of the episode [48]. At the
same time, normal levels of tryptase or histamine do not
preclude a diagnosis of drug hypersensitivity [13].

For IgE-mediated hypersensitivity reactions, serum drug-
specific IgE (sIgE) quantification and the basophil activa-
tion test (BAT) are frequently used to assess the culprit
drug. The tests used to conduct sIgE immunoassays consist
of radioallergosorbent testing (RAST), enzyme-linked im-
munosorbent assays (ELISAs), and fluoroenzyme immuno-
assays (FEIAs) [49]. FEIAs can be performed using com-
mercial products, such as the InmunoCAP-FEIA system
[50-52]. Flow cytometry after drug stimulation determines
the levels of basophil activation or degranulation markers;
CD63 and CD203c is also usually measured [54]. Of note,
the results of the BAT for aspirin/NSAID-induced hyper-
sensitivity remain inconclusive due to the fact that they
encompass both IgE-mediated allergic reactions and
nonimmunological intolerances. [55]. Mediator release as-
says, meanwhile, measure the mediator released (histamine
or leukotriene 4), but these assays have exhibited sensitivi-
ty and specificity levels too low for them to be recom-
mended for the purposes of diagnosis [53, 56].

The discovery of biomarkers for drug hypersensitivity is
crucial for clinical purposes, including the early diagnosis
and better prediction of this disease in order to prevent
complications. We previously found granulysin to be a key
cytotoxic molecule responsible for disseminated keratino-
cyte necrosis through the action of cytotoxic lymphocytes
or NK-cell-mediated cytotoxicity with no direct cellular
contact. A significant correlation between the granulysin
levels in blister fluids and clinical severity was also found.
In addition, the serum granulysin levels in patients with
SJS/TEN have also been found to be significantly elevated
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[21. 22]. 5635-IgE 356306H:Md9dweo 0dmbmemyowm®o
36580sgdl0s FM0(393L BoMEMAOME, O30 VIO
603000969393, LGB [2]. 5605089bmEmy0m®o
965305dls05, H®MTGE0E 95O BLYZLMOGMROVIED
959430500 8Mmobligb0gdmes, IM033L FobBHMEOGHIOOL
936056995300l 3068306 BEBH0TMWSEOSL. SBgm
69543090L J0MO0MOIE 39B30MMBdYIL s3oM0bo,
3053900, 3563303060, Jobmembo,
690MM31600M3560 Bod™ 30609090 53963900 [22,
23]. ©500m3mbE®MoLEH Mo ogmogMHgdgdol dogH
365530 5gdlo0ol 25dmfizgz0L d9dsboBdo dermenmdy
3055 gLHo3w00 O BogsMIEME ModEYbodY
999560305 Bsrmo, Hmam®3 IgE-258w5egdmeo,
31939 30LE530b0L 2odMbMs30LvBREIGOOL 30MPI30MHO
LEBH0TME305 96 3MI3gdbEOL LolBYol od@H03530s
(22, 24, 25].

979369390 G030l Hoderoldogho Mrgod30900L
296300006090530 396930399600 Fobolfotrgsbfiymds
©5©IBO0d BYHI-WJGHSINOO X3IBOL
363000M3H03900U, sbL30MOBOLY S SGBLEHYOMOMEO
563900l Lfobsswdgam Lydmegdgdols
d900bg9390d0. HLA 305b0b IT g9bgdo (HLA-DRA o
HLA-DRA/HLA-DRB5 06¢g0hMgaombo)
0535390609099 05 39ES-WdgGo3900L dodsMm
9369390 6959430900l 256300569dsLmb [26].
51939 90b0dbo M999d30900L 2obgomsmgdsdo
960383693560 5000 MF0M3L 3OMIBMNYGO0NO
30A™3069090L 396930396 356053090 (IL4, IL13,
IL10, IL18, TNF, IFNGRI), 30&m30b6900L
©9393GH™M90L (IL4R) [27-33]. HLA-DRBI1 13:02 o
HLA-DRB1 06:09 5bc30609099¢0005 530606000
399m{i399 MO EH035M05/5630MmT9d93905L0056 [34].
HLA-B44 05> HLA-Cw5 053538069000
S1306060m5 s BHZS 9MIBEIOMOEIWO 6Ol
Lofobssmdgym LodwoEgdgdom yodmfzgmen
360603 0000M3500M XYM EH035M058056 [35].
S1306060L 80F5MI0) 630MMYOWO Y360
G030L ©95d30900L 49630maMgdsdo 36036y Mm3z560
5Q300 M F0Mogl sg39 30GH™30bgdL (TGFB1, TNF,
IL18), 390005&MmM900L 360H:Mm©d30sls o
390mbmogz0Lva3egdsls (LTC4S, TBXA2R, PTGER4,
FCER1A, MS4A2, FCER1G, HNMT). [36, 37]. sbg39
50b0dbmo M95d30900 53938060930
565JoMbob 55358 89G9dM0BIMD S EFOMGdIME
29690056 (ALOX5, ALOX5AP, ALOX15, TBXASI,
PTGDR, CYSLTRI) [32, 38].

1356513690 3gMHomEol dsbdow By HLA 99690056
0535300609090 §58¢robdogco 30396 -
9363bMdgMdOL M95gd30900L MHobads 0dsd)s, Boom
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before the development of skin detachment or mucosal le-
sions but then to drop rapidly within 5 days of disease on-
set. Additionally, prolonged elevation of serum granulysin
has also been found in DIHS patients, indicating that such
elevation could possibly be used for the purposes of early
diagnosis and predicting disease prognosis [57]. Further-
more, the levels of IL-15 were correlated with the disease
progression and mortality of SIS/TEN at early stage. Serum
IL-15 levels can be further utilized as a marker for early
diagnosis and prognosis monitoring. For DRESS/DIHS,
serum TARC levels in patients with DRESS/DIHS have
been reported to be significantly higher than those in pa-
tients with SIS/TEN and MPE during the acute phase and
to be correlated with skin eruptions. TARC was thus identi-
fied as a potential biomarker for the early indication and
disease activity of DRESS/DIHS and also for determining
the prognosis of systemic severity of inflammation in drug
eruptions other than SJS/TEN. For AGEP, meanwhile, no
specific markers for diagnosing or predicting the disease
have been identified at present [58].

Drug rechallenge is considered the gold standard for con-
firming a potential offending drug; however, its use is not
practical due to the possible life-threatening consequences.
As such, there is still no standard method for the confirma-
tion of drug causality. Nonetheless, HLA genotyping might
be helpful for identifying culprit drugs via specific HLA
alleles in at-risk populations [59]. Several in vitro tests can
be used to assist in the confirmation of drug causality, but
the exact sensitivity and specificity of such tests are not
well known [60, 61]. There are several tests currently avail-
able: the lymphocyte transformation test (LTT), ELISpot
(Enzyme-linked immunospot assay) intracellular cytokine
staining, and the enzyme-linked immunosorbent assay
(ELISA). [62]. The LTT is a reproducible test for measur-
ing the enhanced proliferative response of PBMC after the
sensitization of T cells to a drug [63]. However, the sensi-
tivity of the test has reportedly varied among various stud-
ies involving various drugs and clinical phenotypes and
different timings for use of the test [64, 65]. The relevance
of using the LTT in testing for SJIS/TEN was relatively
lower those using than DRESS/DIHS and AGEP [65]. Sev-
eral modifications can help to increase the sensitivity of the
LTT or ELISPOT [62, 66-68]. The data for an ELISA-
based test used to detect granulysin showed better sensitivi-
ty (86%) in SIS/TEN. [69]. Further larger studies will thus
be needed to confirm both the sensitivity and specificity.

In vivo patch tests provide a low-risk method for reproduc-
ing delayed hypersensitivity [70]. The value of patch test-
ing depends on the phenotypes and drugs involved. The
sensitivity of such testing is generally <70%, but higher
sensitivities have been reported for AGEP and for some
selected populations such as abacavir-hypersensitivity, car-
bamazepine-induced SJIS/DRESS, and fixed drug eruption
patients [61, 70, 71]. The skin tests involving a prick or
intradermal testing are considered to be crucial tools for
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FmO0Lsd BoJLoMYdIYo FoderoldogMo MgodEos,
59403690990 GH030b 4odmbsgs®o, fomgwo o,
99003539563 MBMMmO 0303wl sB0sbgds, DRESS/
DIHS, SJS, TEN bob®®3dgdo. sbgmo &odol M95g309d0
boLosMYOS [odow- S MoLo- B3YEFORO0ZYOMBOM.
13930803900 HLA 8te9329¢0900 bsliosogds
139308039960 Hodeolidogho sBEH09b9d0LsI0
35050 5530603 gGH0M S HoragbL doom
139308039960 TCR MH9393G™OJOL, Mo 0f393L T

X OJIO0L 59EH035(309L5 @S SMVLOLMMZgE 03bH
35Lmbb.

§99¢900 Fo0dMoygbl miEbm 56EH09b90L s
900> HLA/3933000/TCR 30md3c0ggLl, Gog
0(i393L 0399696 s 30396 YMAbMdGEMdOm
95943090b. Foderol Homaqbols dgdsbobagdol
90bg300 358Mm0YmMBs MMbO 303mmybs: 1. 353Egbols
09MEO05; 2. BMHTS3MEMA0IOH0 YOH0YOHNJIIYdS
08996996 093933 MM9dmb; 3. FgE3wrowo 393EGH0MMO
6536930L Im9e0; 4. dg33owo TCR Bszmgdol
dmgeo [39-43].

§99¢0olidogmo 560396900l oMo
303963M3bMdgrmdol ©95930900 dglsdwrms
399039290 0gmb bbgs 3o00m969000, HMmamMoEss
Mycoplasma pneumonia s 5bgs 306vlwyeo
069399J309%0. 51939 F9LodgdIE0s 5 YOO 3JMmbogl
306L0L ©95dG035305L. FoFIWOMS, 5©5F056OL
3960391306 10-6 36093690M356 BHMEOL 0535dMdL
DRESS/DIHS Lobo®mdol gobgoms@gdsdo.
50b0dbmo 306vlols Mgs5gG035305 BOol T
IXOIRYOOL 5H035300L MbgL @ ofj393L
3625609000 30¢™306700L LOBMGDBL, HMAMOOEFSS
TNF-a s IL-6 [45]. Gom3s65l dog6 s0hgdowos
sbME05309 300l 06x399d3090Ls s odolidog®
399mb5go®l ImMob. 39639l 306lgdol 99dymdo
M95d@o3zs30s (HHV-6, HHV-7, EBV, CMV) 33b3w090s
$o0ewolidog®mo 30396M3M3bMdYMdOl Mgod30900L
30603796 Lod3GHMIYPPMNB ghmo [46].
304330600 A6 0f393L8 IMEGHOBMOIN O
96000990l Abgo3L M9od3090L. S1939 020 Tglsderms
dmbsfoegmdgl HLA/fs0scoo/TCR

OO 5300630 [44]. 50590560l 39639l 306H9LOL
3ML9dMd53 Bowoero Molzol HLA s¢rgegdols dmbg
353096330 Ggloderms godmofizomb 3o@M@GMJlozMMo
X OJOIO0L 59BH035300 S Fggas© SCAR
954309000 25630000690s. 30Oy 0633993090056
053533060900 (odwoldogmo 30396~

93" dbMdYMdOL H95gd30900L 3smMygbr®o

399 EHMMJd0 330003 IMoMbM3L Fqlfogersl dmdsgsendo.
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evaluating drug hypersensitivity reactions, including IgE-
mediated or delayed-type hypersensitivity, in both the Eu-
ropean and American guidelines [20, 72-74]. However,
these skin tests are usually not suggested for SCAR patients
due to the risk of relapse. [70, 75].

Anaphylaxis is a medical emergency and epinephrine is the
treatment of choice for anaphylaxis to prevent its progres-
sion to a life-threatening condition [13, 76]. Epinephrine
should be administered as soon as possible without delay to
avoid mortality [77]. The intramuscular injection of epi-
nephrine into the middle of the outer thigh is recommended
to treat anaphylaxis in most settings and in patients of all
ages [78]. Glucagon is indicated for patients receiving beta-
blockers with refractory symptoms [79]. The use of cortico-
steroids was previously believed to decrease the risk of bi-
phasic and protracted reactions; however, a systematic re-
view of the literature failed to retrieve any randomized con-
trolled trials to confirm their effectiveness [80]. An emer-
gency department-based study also failed to find a decrease
in the rates of return visits or biphasic reactions among pa-
tients treated with glucocorticoids [81]. These adjunctive
therapies, including corticosteroids, antihistamines, and
bronchodilators, could help to relieve symptoms, but
should not be substituted for epinephrine or delay the use
of epinephrine [82, 83].

For the treatment of severe delayed-type drug hypersensi-
tivity, there are no optimal treatment guidelines. The effica-
cy of systemic immunosuppressants or immunomodulatory
treatments (e.g., corticosteroids, cyclosporine, intravenous
immunoglobulins (IVIg), and plasmapheresis) still remains
controversial. Systemic corticosteroids could be the most
common treatment option, but the prior use of corticoster-
oids was found to prolong disease progression with no defi-
nite benefit in terms of survival [84-86]. IVIg is one of the
most commonly utilized therapies for SJIS/TEN and is fre-
quently the adjunctive therapy used for severe cases or pe-
diatric patients [87]. In a meta-analysis, however, [VIg,
even high doses of IVIg, failed to achieve statistically sig-
nificant results supporting the conclusion that it is clinically
beneficial [87, 88]. [VIg has been found to yield better out-
comes in pediatric patients, but children with TEN usually
have lower rates of mortality and better prognoses than
adult patients [87, 89]. Cyclosporine, has been found to
decrease the mortality rate and the progression of detach-
ment in adults [90]. However, one recent cohort study re-
vealed a statistically insignificant survival benefit for cy-
closporine therapy compared to supportive care [91]. In
contrast, the first meta-analysis of 7 studies regarding the
effect on mortality of cyclosporine in the treatment of SJS/
TEN showed a beneficial effect [92]. A trend identified in
the same study also indicated that cyclosporine demonstrat-
ed better survival than IVIg [92]. There have also been an
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965530¢5gd00L OsRBMBOL allvEYIbs Y3z9esby
bdoGo 259MmYyqbgd® BdMMIGMOO BHgLEL

o685 9bL 3530960l FMsBHT0 BHM03EH>DOL
L5gMHNM MbOL FobloBL3Ms [47]. g30DM©OL ML
b0 G&M033>Bob Mbol LgM oo gobmdzgdo,
099935 d5DolOO EMbOL gobLDBWIMS Yy39wsByY
960383690 m3560s. 300060396 36rogdEH03580 dobo
MbOoL goblisBrzMols gosBbos oM 339290
d9D0M3900 (3539 930DMPOLLL. 30LEsdobols
9353900 Mmby, ®™MIgeros JsLEME0GJO0L Jog
3900gMmBOo 300390 905BHMM05, 5BsR0wsglool
©@OMUL 3esbdobs s Fo6rdo sliggzg 8mds@gdweros [2].
0935 9965 500b0dbML, HMA 3¢sBdsdo 3olEsdobols
©Mbg ©OHMYB00 3OOl oo, 5doGH™md Jolo
396L5BZMS MIXMdIL0S §30DBMPOL fYgd0IH
9600 L5500 456393 Mdsdo [48]. 53539 O™V,
A03E5BoL 96 30LE530bol braMTs OO EMby
§odeolidog®mo 30396HIMH3bMdYXMBdOL 0sABMDBL oM
399mMobogl [13].

IgE-953995¢090v0 3039603303bMdgmmdol
4959430900L OML 453md[3930 Hodrol sdmbobgbs
bdoGo go8m0yggbgds Hodsen-13goxn03mcm0 IgE-l
29bUsBE3Ms (SIgE) o 35BMB0gdol 5gE035300L
A9bBo (BAT). gL 250m330093900 dmo353L:
50MOHRMLMMdI6EME GguBL (RAST), 396M396¢
~53938060939 09bmbm®mdI6EGHwMw GabEL (ELISAs),
REYMOMRIO96EM 0819bmEHILEL (FEIAS) [49].
FEIAs 958m33w935 049690L ImmunoCAP-FEIA
LoLE9sb [50-52]. Fodeoldog®o LEodmwrszool
3900092 BM30GHMIYGHO05 2oBLEBOZMH3L
05BMB0GdOL 53035300 b IMIBMW 300l
956396900l Mbgl. 51939 4oBMIowos CD63 s
CD203c [54]. 05530930l 5dGH035300L GgbGHol
390093900 530600600 godmfizgMwo
303963MdbMd9MdOL EOHML 56M15153856M0L0S,
5096 030 dM0393L OMYMO3 IgE-358w)seqdme,
31939 9M509bMEMa0MH M9god309dL [55].
390003™M900L 359Mmbms30LBGOOL BHIBEGO BMTogl
30L@530b0b 96 w9go3mEHM0gbgdol Mbgl, 3o
50b0dbmwo 330930l IM3AbMBGEMIOLS
139(30830390M30L EMbBY IBIW0S OsABMBOL
sboY9bsco [53, 56].

300603796 3654303580 gosdfg39@0o 96083690 mds
9603995 HoderobdogMo 30396Mm3yMdbmdgemdols
00350 396M900L 50dMBIBIL 5EMIMEO EO0sR6MBOL
5L5PIB W FoONMGOIOOL 153050

L5300 GdWSQ. 503MmPBBES, HMI yMbmwobobo
0oM8M5y9bL JoM0mo© 30GMEMJLOZMNO
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increasing number of case reports regarding the benefit of
treatment with anti-TNF-a biologic agents for patients with
TEN [93-98]. One recent systemic review showed that glu-
cocorticosteroids and cyclosporine are the most promising
therapies in terms of survival benefit, but no such benefits
were observed for [VIg, plasmapheresis, thalidomide, cy-
clophosphamide, hemoperfusion, tumor necrosis factor
inhibitors, or granulocyte colony-stimulating factor [99].

Meanwhile, IL-15 was demonstrated to be a major cytokine
orchestrating SJS/TEN, indicating that further novel thera-
peutics including IL-15 blockers [100]. That said, further
prospective, randomized controlled studies are needed to
provide more definitive conclusions regarding treatment in
patients with SIS/TEN.

Systemic corticosteroids have been considered the treat-
ment of choice for patients with DRESS/DIHS, but they
may be associated with an increased risk of complications
such as opportunistic infections [101]. CMV and HHV-6
viral loads were also reported to be increased in patients
receiving systemic corticosteroids, while EBV loads were
higher in patients not receiving systemic corticosteroids
[102]. Antiviral medications such as ganciclovir can be
given in addition to steroids and/or IVIg in cases of severe
disease with confirmation of viral reactivation [103]. Sev-
eral previous studies have reported the effectiveness of
treatment with IVIg [104]. Plasmapheresis and other im-
munosuppressive drugs, such as cyclophosphamide,
cyclosporine, interferons, muromonab-CD3, mycopheno-
late mofetil, and rituximab, may also be potential therapies
[104]. Among the above treatments, the use of cyclospor-
ine was successful in 2 recent cases with rapid response,
and so, its use could be considered for patients with con-
cerns about using longer courses of systemic corticoster-
oids [105]. Supportive treatment with topical steroid-based
treatments for AGEP is suggested due to the mostly benign
and self-limiting course of the condition [106, 107]. Mean-
while, the administration of systemic steroids for a short

period can be considered for severe and refractory cases
[58].

The avoidance of undesired events seems economically
meaningful. In particular, pharmacogenetic testing can help
prevent serious drug reactions. Genetic testing before car-
bamazepine treatment, for example, has been found to be
cost-effective. however, that physicians generally did not
perform the required genetic testing before using carbam-
azepine, but rather went ahead and directly prescribed the
more expensive alternative drugs. This approach prevents
the use of drugs that are known to be highly effective in
favor of others of less certain efficacy, while burdening the
health-care system with unnecessary costs.

Several studies have shown association of HLA (Human

M9 3esL, OHMIgEog 35bIboldygdgwos
3905¢06m3oGId0L 39303ILIdNE 673OMBYY
3oAMGHMJLo3MNOO0 WoIBME0GJOOL 56 NK-

Mx 0900930l Imddggdom. 51939 360d3zbgermzsbo
3938060 5065 2056990 Bobol Indo@gdmen
©Mbgls s 30bolzMEmo LYMHscOL Loddodgl JmMOb .
505L056539, 35309639080 SJS/TEN Lobo®mdom
d6053H0L 2056990 Bobol mby 860d3b9emgba
950505 3560L5 O WMEHM3560L IBOSBYBOL
3963000690597, 899009 30 03EJOL 9350V 9O0L
5099096 5 mgdo. DIHS bob®mdol 353096¢&9dd0
5006036905 IMo@0bL M bmEobobols
29bsbg M 03939 o IMdsEgdwo mby, M3
5QMGME0 ©0536MBOL sldoLy s 3OMPbMBOMYdOL
1539950905l 0deng3s [57]. IL-15 omby 30
5353006909905 553500900l 3OMAMILID
1033000 056MBSLBM6 SJS/TEN Lob®mdol soMgmem
b3oOsDbY. 5d0E™A Jobo, HMyMGE JsM39MOl
3990mygqbgds, 9glodergdqer0s dmdsgz5¢d0 S MO
©053bMBOL OYIBOLS s 3OMPBMBOL
dmboBmmobaol dobbom. TARC ombg DRESS/DIHS
LobM™Aol IJmbg 353096390do 360369 m3bs
95050, 3000609 SJS/TEN oo MPE Lobo®mdgdols
OB (3539 BoBSTO S 353906090 3960L
©H0569090m9b. 533505, TARC gobbogrmamos
MO 3 3039630MM0 30MI63gMH0 93500900l
5QM9ME0 2593w gbols s 3MHMPbMBoLEMZ0L
DRESS/DIHS bob®mdobol. AGEP dgdmbggzsdo
13930803900 F5M39600 XIORIOMIOM 56 SGHOL
©o9bowo [58].

39903(3930 Hodol 0s3bmBol sgbols mgMmls
L3obsMEH© JoBbYME0s 30IM3M 35300 Bgldo.
0839, 3654303 s dolo godmygbgds dglisderms
Logmabaolsmgzgol Lsdodo M9sd3090000 OV IL.
5803 ™3 go8mdf3930 Hodwol sgbols
U3obIMEHWWO FGoOMPO 56 5GOL XM 300093
3909993539099c00. 049939, MBS 5©0b0dbML, G®md HLA
395030306905 Fgladarms s39bdseml {odwols
509650 MHoL3-XFMBOL 3M3Es(30580
139309830360 HLA sergemgdol 3sdm3zegboo [59].
31939 3990M0949gb9gds BmAoge™MO in vitro GglGogs,
0335 8500 BgbloGoMIOMBS s B3YFOBOINOMDS 56
560l o9boo [60, 61]. 5055050 99mYqbgdoo
A9bGHYB05: WOIBMEOGHJOOL BHEMBLRMO 5300l GHgbGo
(LTT), @96m396®-5353d06090wwo  0dMbm@gb¢o
(ELISpot), 3963963-535330609d1¢00
03996mbmOMdIBEGH Mo 33eg3s (ELISA) [62]. LTT
bmdogl PBMC dmds@gdogan 3sbvgbls
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leukocyte antigen )/KIR (Killer immunoglobulin-like re-

ceptros) profiles with the development of different diseases
— both infectious, such as HIV, HCV], HPV, CMV, HBV
and non-infectious. To investigate combinations of HLA
and KIR genotypes associated with allergy to anesthetic
agents will clarify immunogenetic mechanisms of develop-
ment of drug-related allergies and will stimulate develop-
ment of novel preventive and treatment strategies for drug
hypersensitivity. We must compare intravenous specific
IgE and skin allergy tests’ results and detect risk-factors for
allergic reactions to anesthetic agents (The questionnaire
will include questions, including: gender, age, allergy in
family members, food, latex and drug allergy, allergy on
cosmetics and environmental factors, concomitant chronic
and infectious diseases). The relevance of these reactions
urges the need of discovering other biomarkers of DHRs
and to elucidate all other factors involved in DHR patho-
genesis to prevent DHR onset pre-clinically. Factors such
as age, gender, viral infections among others are thought to
play a role in DHR onset.

The importance of the proposed study is defined by the
following factors: no precise data available about associa-
tion between genetic predisposition and allergy to anesthet-
ic agents; this will be initial immunogenetic studies which
can lead to analyze several pathologies in Georgia; also it
can be used to study genetic peculiarities of the population.
Obtained results will contribute to our knowledge about
immunogenetic factors associated with the allergic reac-
tions to anesthetic agents which will help in development
of preventive strategies.
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