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Drug reaction with eosinophilia and systemic symptoms (DReSS), also known as drug-induced hypersensitivity syndrome
(DiHS), is a severe, systemic, T cell mediated drug reaction with combinations of cutaneous, hematologic, and internal
organ involvement. Pathogenesis of DReSS is multi-factorial, involving drug-exposure, genetic predisposition through
specific human leukocyte antigen (HLA) alleles and metabolism defects, viral reactivation, and immune dysregulation.
Clinical features of this condition are delayed, stepwise, and heterogenous, making this syndrome challenging to
recognize and diagnose.
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| 1. Pathogenesis

Significant advances in the understanding of drug reaction with eosinophilia and systemic symptoms (DReSS)
pathogenesis have been made recently. DReSS is a severe, idiosyncratic, T cell mediated drug reaction, classified as a
delayed type IVb, and sometimes IVc, hypersensitivity reaction [, It is assumed that DReSS is the result of a complex
interaction between drug (or vaccine or biologic) exposure, genetic predisposition, and viral reactivation . Why some
develop this condition while others do not, despite the same exposure, is thought to be a result of the cumulative effect of
aligned risks that can be likened to a “Swiss cheese” model as illustrated in Figure 1. There are likely other risk factors
and predisposing conditions leading to this disease still unknown that need to be accounted for in this model.
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Figure 1. “Swiss cheese” risk model of DReSS/DiHS. CYP cytochrome P450, HLA human leukocyte antigen, DReSS
drug reaction with eosinophilia and systemic symptoms, DiHS drug induced hypersensitivity syndrome.

1.1. Viral Reactivation

The relationship between viral reactivation and DReSS has been learned extensively . Despite this, there is still much
controversy surrounding this topic. Even with the abundance of research on this matter, questions regarding its clinical



relevance, role as a causative factor vs. a complication, and validity of viral testing technigues, remain mostly
unanswered.

Historically, human herpes virus-6 (HHV-6) has been most associated with DReSS, although other human herpes viruses
have been reported including HHV-7, cytomegalovirus (CMV), Epstein-Barr virus (EBV), and herpes simplex virus (HSV)
B4l There are multiple ones demonstrating a connection between DReSS and viral reactivation, so much so that the
diagnosis of DIHS by the Japanese consensus group requires evidence of HHV-6 infection BEI€ However, viral
reactivation is less reported in cases outside of Japan, and some have suggested the incidence may be over-estimated
owing to testing techniques A&,

The incidence rates of HHV-6 reactivation are highly variable across studies, ranging from 36% in the multi-national
RegiSCAR one, to 62% in a Japanese-specific population A&, A 2013 one was found that less than 50% tested for viral
reactivation, but when performed, the majority showed evidence of reactivation with an HHV-6 reactivation rate of 80%
(101, A 2010 prospective one by Picard et al. 14 found 76% of DReSS patients had evidence of viral reactivation with some
combination of EBV, HHV-6 and/or HHV-7. Rates of viral reactivation in the healthy control group, comparatively, were
0%.

Viral reactivation typically occurs 2—4 weeks after symptom onset and has been associated with longer disease duration,
flares, and more severe outcomes BIBIBIRIAZNSIIAIS]  gpecifically, patients with viral reactivation were found to have a
longer disease duration, an increased number of relapses, and increased rates of lymphadenopathy, hepatitis, renal
failure, encephalitis, myocarditis, severe lymphopenia, and death, compared to DReSS patients with no evidence of viral
reactivation 41151 dikano et al. 18] found patients can experience sequential reactivation of multiple viruses that may
explain the symptom relapses seen in DReSS despite drug withdrawal. This finding has been compared to the sequential
viral reactivation seen in acute graft versus host disease (GVHD) 1281,

Multiple mechanisms have been proposed to explain why viral reactivation occurs in DReSS. In the acute phase, a
relatively immunocompromised profile is seen with the rapid expansion of immune suppressive T regulatory cells
(specifically CD4+CD25+FoxP3+) and concomitant decreases in immunoglobulins and peripheral B-cells REILT This
clonal expansion may reduce the function of anti-viral T lymphocytes leading to viral reactivation. Others have suggested
that viral reactivation may be due to immunosuppression from corticosteroid treatment 18, However, Tohyama et al. &
showed HHV-6 reactivation occurred more frequently in patients not treated with steroids compared to high-dose steroid
groups 22, While high-dose pulsed steroids have been associated with CMV reactivation in other conditions, Mizukawa et
al. 19 syggest that the rapid dose reduction in steroids may induce a rapid recovery of immune response that could
contribute to the development of CMV reactivation and symptom worsening. Indeed, several have shown the steroid
tapering phase to be a high-risk time for symptom recurrence 1418l Flares during the steroid tapering are theorized to
either be secondary to the underlying inflammation of DReSS recurring, or possibly, reactivation of pre-existent but
clinically undetectable viruses (2%, Shiohara et al. liken the latter phenomenon to the immune reconstitution syndrome
seen in HIV [, |t has been suggested that if an immune reconstitution-like syndrome is occurring in DReSS, it may
indicate that viral infection is playing a more causative role in DReSS despite being undetectable in patients at initial
presentation owed to robust host immune responses [12[20121].

Recently, there has been interest in the idea that drug-reactive DReSS-inducing T cells are virus-specific memory T cells
(221 |n other words, T cells previously generated in response to a viral infection are stimulated upon presentation with
HLA-drug complexes and mistakenly reactivate 22 This is supported by evidence from Picard et al. 1 showing the
expansion of EBV-specific CD8+ T lymphocytes in blood, skin, liver, and lungs of DReSS patients. Furthermore, in vitro
ones showed HIV-specific T cells cross-reacted with HLA-B*57:01-positive cells in the presence of abacavir 23l Kim et al.
(241 single cell RNA sequencing was used to examine the aberrant immune response in a patient with persistent DReSS
from Trimethoprim-Sulfamethoxazole (TMP-SMX). Not only did they find the activation of the Janus kinase-signal
transducer and activator of transcription (JAK-STAT) pathway, leading to successful treatment with the JAK-inhibitor
tofacitinib, but they also found HHV-6b DNA was enriched in central memory CD4+ T cells. Impressively, in vitro ones
demonstrated anti-viral medications targeting HHV6b were able to suppress TMP/SMX-induced CD4" T cell proliferation
in dose-dependent manners 24,

In summary, there is no global consensus as to if, or how, viral reactivation is associated with DReSS. As to whether it is
one of the many contributing risk factors in the development of DReSS, a consequence of the drug-induced immune
dysregulation, or a side-effect of the immunosuppression used in treating DReSS, this is still unknown [LIE221[25],



1.2. Drugs

The most common DReSS-inducing drugs are anticonvulsants, allopurinol, sulfonamides, and antibiotics 28127 |n the
RegiSCAR one, aromatic anti-epileptics made up 35% of all drug-triggers, with carbamazepine alone making up 27% in
one W19 Ccarbamazepine is the most common cause of DReSS both overall and within the anticonvulsant grouping, with
lamotrigine, phenytoin and phenobarbital also frequently reported [ARAL928129] - Ajiopurinol has been the attributable drug
in 11-18% of DReSS 1A sylfonamides are the probable causative drugs in around 12%, with sulfasalazine often
making up more than half of that grouping, although TMP-SMX and dapsone are also reported L9271 Non-antibiotic
sulfa-drugs like furosemide are less associated with DReSS, but related information do exist 2B, Sharifzadeh et al. 22
found anti-tuberculosis medications made up 42% of all antibiotic-related DReSS, with rifampin being the most common
offending agent. Vancomycin was the second most common antibiotic comprising 18% of antibiotic related ones 22,

1.3. Inmune Changes

DReSS is characterized by a variety of hematological abnormalities including leukocytosis, atypical lymphocytosis, and
eosinophilia 1. Furthermore, a heterogenous profile of cytokines and chemokines have been found in DReSS 22, While
eosinophilia is not universally present, a Th2-type response can be seen with eosinophil-associated cytokines such as IL-
4, 11-5 and IL-13 [B2BE3IB34] Serym thymus and activation-regulated chemokine (TARC/CCL17), commonly associated with
the Th2 response, may also be elevated and possibly correlate with disease activity 2228l Specifically, TARC/CCL17
recruits Th2-polarized T lymphocytes into local inflammation sites. Other cytokines reported to be elevated in DReSS
include IFN-y, TNF-q, IL-2, IL-6, and granulysin LB2IE7](38](39]

By Nishio et al. 87, CD4+ cells increased early on in DReSS and decreased thereafter. They also found CD8+ T cells and
Thl-cells increased later in disease, often concomitantly with disease flare, worsening hepatitis, and rises in anti-HHV-6
antibodies. It was proposed that CD4+ and CD8+ T cells might respond to causative drug and virus-infected cells,
respectively. This trend in CD4+ and CD8+ T cell fluctuation has been replicated by Shiohara et al. (29,

Several have been shown a dramatic expansion of the immune-suppressing CD4+CD25+FoxP3+ Treg cells in the early
stages of DReSS, both in peripheral blood samples and in cutaneous lesions LABY41 Skin homing Tregs are postulated
to limit the severity of skin disease in DReSS through their suppressive effect on cytotoxic T cells 22, While skin lesion
severity may be limited through this mechanism, this expanded population might serve to prevent the activation and
expansion of antiviral T cells, allowing latent herpesviruses to reactivate in an uncontrolled fashion 7. At the resolution
stage of DReSS, Tregs are found to be functionally impaired despite normal cell frequencies 7. Some have been shown
an association between autoimmune conditions and the decreased suppressive function of Treg cells, which could explain
a pathogenic mechanism for the development of autoimmune conditions seen in some DReSS patients [L81[411[42](43]

1.4. Genetic Predisposition

HLA alleles are one of the most important risk factors in the development of DReSS. Importantly, certain high-risk alleles
are present in some ethnicities more than others, making ethnic background an important predisposing factor to DReSS
(441 Mechanistically, it is thought that the culprit drug interacts with a particular HLA to form a complex-hapten, which is
then presented to naive T cells via the T cell receptor to stimulate an immune response 42,

One of the first examples of HLA association with drug hypersensitivity was in 2002 when the association between
abacavir-induced hypersensitivity syndrome in HIV patients and HLA-B*57:01 was found 81471 with a negative predictive
value of 100% in the PREDICT-1 trial and complete elimination of abacavir-hypersensitivity, screening for HLA-B*57:01 is
now recommended by drug regulatory agencies in every patient prior to initiating treatment “&. A 2005 one examining
Han-Chinese patients found a strong association with HLA-B*58:01 and allopurinol-induced DReSS (among other
SCARs), present in 100% examined 28l The 2012 American College of Rheumatology Guidelines recommend testing for
the HLA-B*58:01 allele in selected subpopulations (individuals of Korean descent with stage 3 or worse chronic kidney
disease and those of Han-Chinese or Thai descent) prior to the initiation of allopurinol.

Similarly, multiple ones have shown an association between HLA-A*31:01 and carbamazepine-induced DReSS, with
positivity rates ranging from 37-67% among multiple ethnicities “9IBABLB2AGI] per the Canadian Pharmacogenomics
Network for Drug Safety 54, genetic testing for HLA-A*31:01 is recommended for all carbamazepine-naive patients before
the initiation of therapy. While the link between A*31:01 and carbamazepine-induced DReSS may not be as strong as with
other alleles, it is one of the most common alleles in most populations, making it an important screening tool to prevent
DResSS 4,



Importantly, drug-HLA associations often have a high negative predictive value (NPV) and moderate-to-low positive
predictive values (PPV). To date, the highest PPV known is around 50% in abacavir-induced DReSS 2. In other words,
the low PPV of HLA allele associations suggests that additional factors contribute to the onset of disease. Furthermore,
allelic frequencies vary greatly between different ethnicities, making it important that recommendations not only be made
based on the drug, but on ethnic origin as well. With the explosion of research on this topic, the list of DReSS related
drug-HLA associations is expected to grow in the coming years, further contributing in the movement towards
personalized medicine.

Mutations in several drug detoxification enzymes have also been linked to DReSS. Aromatic anticonvulsants are
metabolized by the cytochrome P450 (CYP-450) system to arene oxide metabolites, normally detoxified by epoxide
hydrolase or glutathione transferase to inactive metabolites 28, Through in vitro lymphocyte transformation assays Shear
and Spielberg B4 showed evidence of epoxide hydrolase deficiency in anticonvulsant-induced DReSS patients B8, The
arene oxide intermediates may act as haptens to stimulate the immune response or bind to tissue macromolecules and
cause cell damage directly.

Shear et al. B4 describe a similar phenomenon in sulfonamide-related DReSS, finding high incidence of slow N-
acetylation status in these patients [24. Because of the relative N-acetyltransferase deficiency, the CYP-450 oxidative
pathway is favored, leading to toxic levels of hydroxylamine metabolites capable of causing cell damage and immune
activation. Examining patients from Taiwan, Japan and Malaysia, the CYP2C9*3 gene variant (known to significantly
reduce phenytoin clearance) was significantly associated with phenytoin-related SCARs including DReSS 52,

It has been shown increased risk of allopurinol-related DReSS in HLA-B*58:01 positive patients with reduced kidney
function, it is possible that elevated levels of drug or toxic drug metabolites may interact with specific HLA to further
increase the risk of DReSS development BB |ndeed, it does not seem that the presence of drug-specific HLA-alleles or
drug metabolism polymorphisms alone are enough to trigger DReSS, but taken together may function synergistically to
elevate risk.

| 2. Clinical Features

DReSS is characterized by stepwise multi-organ involvement that may include skin, hematological systems, and solid
organs. Most commonly it begins with a flu-like prodrome of malaise, pharyngitis, fever, and lymphadenopathy 19, The
progression of signs and symptoms can be slow and in varied combinations, but most fever in most patients (between 75—
100%) [IZLLI28162] Fever typically precedes the cutaneous eruption by several days.

Compared to other SCARSs, the lag time between drug exposure and symptom onset is more delayed, typically between
2-8 weeks (although longer and shorter times have been reported) A9, Upon re-exposure to the culprit drug symptoms
can develop in hours to days 29, | ag time may also differ depending on the drug . For example, antiepileptics and
allopurinol tend to have longer latency periods compared to antibiotics or radiocontrast media, which have been shown to

have lag times less than 14 days from exposure (631641651 | onger latency periods may correlate with more severe disease
[62]

The cutaneous manifestations of DReSS are diverse. Typically, more than 50% of total body surface area (BSA) is
involved [AMAEE] The most common morphologies reported are monomorphic maculopapular/morbilliform, urticated
papular, and exfoliative erythroderma . Shiohara et al. [64 describe the rash starting as patchy erythematous macules,
pustular, target-like or eczema-like lesions, that can become purpuric and confluent over time. An erythema multiforme
(EM)-like eruption with atypical targetoid lesions has also been described, which was associated with more severe hepatic
involvement in €8], Distribution is typically symmetric, often starting on the face, upper trunk and upper extremities and
then spreading to the lower extremities 7. Cutaneous manifestations are polymorphic in around 85%, which can include
secondary features such as pustules, purpura, vesicles, bullae and cheilitis (428159 Facial edema is also characteristic of
DReSS (reported in up to 76% ), and may be a distinguishing feature from more mild forms of DReSS or maculopapular
eruption (MPE) [IEABAIA Mycosal involvement can be seen in up to 56% of patients, however it is typically mild and
non-hemorrhagic, distinguishing it from SJS/TEN 28179 |t was reported that in pediatric DReSS, children are more likely
to have a morbilliform exanthem, fever, and lymphadenopathy, but less likely to have facial edema 172,

There are a range of hematological abnormalities seen in DReSS. Hypereosinophilia is the most common finding, present
in 52-92% of patients across multiple ones (although the majority show greater than 80%) LALQI19[26](28][62][64](70]

Eosinophil counts are often dramatically increased with an average eosinophil count of 3.5 (x10° L™1) 19 | eukocytosis
with early neutrophilia and delayed monocytosis is the next most common, followed by atypical lymphocytosis in 27-67%



of patients [ARUILEEIEAIZE]  Other less frequent findings include lymphopenia, leukopenia, thrombocytopenia,
thrombocytosis, and pancytopenia, which are associated with a more severe prognosis [281641[70]

Liver injury is the most common visceral manifestation in DReSS, seen in up to 97% ARALLIZATS] Elevated liver
enzymes (cholestatic, mixed and hepatocellular have all been reported) is the most common finding; however, liver failure
with or without subsequent transplant does occur 9. The hepatitis is typically anicteric and liver enzyme elevation may
take months to completely resolve (211,

The next most involved organ is the kidney W78 Renal involvement in DReSS ranges from mild acute kidney injury
(AKI) to severe interstitial nephritis, sometimes resulting in permanent end-stage renal disease. Elderly patients,
allopurinol-associated DReSS, and those with pre-existing kidney disease are at the highest risk of renal impairment [2.
The lung is the third most frequently impaired organ, with interstitial pneumonitis being the most common manifestation
8] Minocycline-associated DReSS has been associated with a higher incidence of pneumonitis 8, Cardiac involvement
in DReSS is becoming more frequently recognized, typically presenting as myo- or pericarditis 4. Cardiac disease is
often delayed in DReSS, occurring on average 70 days after the initial symptoms. The most common signs and symptoms
of cardiac DReSS are dyspnea, cardiogenic shock, chest pain, and tachycardia.

More incidentally there have been reports of the following: pancreatitis, colitis, cholangitis,
encephalitis/meningoencephalitis, hemophagocytic syndrome, and thyroiditis [AALLIZSIZ8]

| 3. Diagnosis
3.1. DReSS Minor/DReSS Major

There has been recent interest in further defining the spectrum of DReSS severity. Some have proposed separating into
categories of simple MPE (maculopapular eruption), DReSS minor (other terms include mini-DReSS, MPE/DReSS
overlap, and systemic MPE), and DReSS or “DReSS major” 827079, petermining predictive factors of disease severity
and the clinical features that may help delineate between these phenotypes has also been investigated. Momen et al. 62
defined DReSS major as a RegiSCAR score of 24 (with DReSS minor as 1-3) and found that DReSS major patients
experienced significantly more facial edema, higher liver enzyme elevations, and required longer courses of
immunosuppression than DReSS minor patients. It was concluded that DReSS minor should therefore be distinguished
as a milder form of the disease from DReSS major, and that facial edema can help discriminate between major and minor
forms. Skowron et al. 2 classified “systemic MPE” (SME) as MPE with the presence of fever or organ involvement
without meeting DReSS criteria. Similar to the results by Momen et al. 82, they found facial edema, hepatic involvement,
fever, and eosinophilia were significantly more frequent in DReSS compared to SMPE. Gouveia et al. Z9 defined
MPE/DReSS overlap as an exanthem plus one or two systemic symptoms or laboratory abnormalities, but a RegiSCAR
score < 4. Somewhat contrary to the previous ones, they found that while MPE/DReSS overlap presented with fewer
features of DReSS, these patients showed similar disease severity and length of hospitalization. It was therefore
concluded that this overlap syndrome should be considered within the same category as DReSS with regards to
management and follow-up.

As evidenced by these three, there is still much controversy regarding the milder forms of DReSS and how they should be
classified and managed moving forward. What can be agreed upon is that DReSS clearly exists on a spectrum, with mild
ones showing fewer systemic signs and symptoms, and patients at the opposite end potentially developing life-threatening
organ dysfunction 9. This recent focus on the variability in DReSS presentation highlights the collective shift towards a
broadened, deeper, and more inclusive understanding of DReSS.

3.2. Causality Assessment and Confirmatory Testing

There is no clear consensus on the ideal method of determining the causative drug in DReSS, although several systems
have been proposed. The Spanish Guidelines for Diagnosis, Management, Treatment, and Prevention of DRESS
Syndrome suggest using the Algorithm of the Spanish Pharmacovigilance System, which considers chronology
(suggestive if the drug was initiated less than 6 months previously and stopped less than 14 days before the index day),
known drug association, an improvement with drug withdrawal, and the positive re-challenge effect [84. Kardaun et al. @
suggest excluding a drug from consideration if the drug was taken for more than 3 months, had been stopped more than 2
weeks before the index day, or had been initiated less than 3 days before the probable index day.

There are two in vitro tests, the lymphocyte transformation test (LTT) and the enzyme-linked immunospot (ELISpot) assay,
that can be used to help identify the culprit drug. The LTT measures T cell proliferation, specifically H-thymidine, in



response to a drug after incubation (1. While laboratories have reached a consensus regarding the protocol and cut-offs
for positivity, there are no standard values for each drug 2. Sensitivity and specificity ranges from 58-73% and 82-95%,
respectively, with higher values for anticonvulsants, antituberculosis drugs and B-lactams B384l A negative result is not
overly helpful owing to its lower sensitivity, but a positive result reflects specific sensitization to the test drug that can help
support the diagnosis and determine the culprit agent if the patient took several drugs. The ELISpot determines the
number of cells that release relevant cytokines and cytotoxic markers after their activation by the culprit drug B, Positive
ELISpot assays for IFN-y production have been reported in DRESS, however no consensus exists on the criteria for
positivity, and it is less frequently employed B9, Neither test should be performed until at least 4-8 weeks after recovery
and 4 weeks after stopping steroids.

In-vivo confirmatory test options include patch testing, skin pricks, delayed intradermal and controlled re-exposure. Patch
testing was found to be positive between 57-64% of DReSS, with significant variability depending on the drug [E21(88],
While significantly less studied, delayed skin prick and intradermal testing has been shown to have positive results in
DReSS and is suggested by the Spanish guidelines if initial patch testing is negative Y. Despite the relatively good
safety profile of patch and intradermal testing, both have been known to cause the recurrence of DReSS symptoms in
some situations B8, Controlled re-exposure is absolutely contraindicated unless special circumstances exist, such as
DReSS related to anti-tuberculosis medications and beta-lactams B2, For exclusively anti-tuberculosis drug related
DReSS, reintroduction led to a relapse of symptoms in seven out of the 13 patients, with three meeting criteria for
recurrent DReSS (87,

At present, the LTT is the best documented assay for the in vitro diagnosis of DReSS and the Spanish guidelines strongly
recommend performing the LTT and/or the ELISPOT to confirm the diagnosis Y. The international consensus of in vitro
methods for the diagnosis of drug hypersensitivity reactions by the European Academy of Allergy and Clinical Immunology
(EAACI) gave a grade C recommendation to both the LTT and ELISpot 8. A comparison of skin tests and LTT confirms a
higher sensitivity and specificity of LTT in DReSS syndrome, and both the Spanish guidelines and EAACI suggest
performing in vitro tests prior to in-vivo tests. If in vitro testing is not available, patch testing may be considered first-line.

Overall, confirmatory testing is reasonable and may be advised in high-risk patients when the potential benefits outweigh
the risks. This may include patients where there is diagnostic uncertainty, multiple possible causative agents, and when
the suspected culprit drug is necessary for a critical health condition and no reasonable alternatives exist [BUBLIB7],
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