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Abstract: Drug hypersensitivity is an inflammatory or immune reaction induced by drugs. It can be fatal if not appropriately treated 
and cause the risk of long-term complications. Sulfonamides are classified as antimicrobial drugs with a broad spectrum effective for 
gram-positive and gram-negative bacteria. This antibacterial agent works by competitively inhibiting folic acid synthesis, which 
prevents the growth and proliferation of microorganisms. In its use as antibiotics, sulfonamides can also cause adverse reactions in 
specific individuals. It has been widely reported that sulfonamide antimicrobials cause hypersensitivity reactions mediated by IgE or 
T cells. This review identifies symptoms or signs that can appear, as well as genes associated with sulfonamide hypersensitivity 
reactions, as sulfonamide may cause hypersensitivity in the form of uveitis, skin rash, Stevens-Johnson syndrome (SJS)/toxic 
epidermal necrolysis (TEN), parotitis, angioedema, drug reaction with eosinophilia and systemic symptoms (DRESS), and pruritus. 
In addition, several genes were found to be associated with sulfonamide hypersensitivity, including HLA-A29, HLA-B12, HLA-DR7, 
HLA-B44, and HLA A*11:01. 
Keywords: sulfonamide, hypersensitivity, genetic influence

Introduction
Hypersensitivity is a term used to describe a symptom initiated by exposure to a stimulus that should be tolerated.1 Drug 
hypersensitivity is an inflammatory or immune reaction induced by drugs. It can be fatal if not appropriately treated and 
cause the risk of long-term complications.2,3 According to the World Health Organization (WHO), drug hypersensitivity 
is a type B adverse drug reaction (ADR) in the form of a dose-independent, dangerous, and unwanted response with 
a wide range of clinical phenotypes onset and severity.4 ADR occurs in all activities in the hospital in approximately 3– 
6% of hospitalized patients in about 10–15%.5 In the United States in 2002, drug hypersensitivity reactions reached 6– 
10%, which mainly occurred in patients without inpatient treatment at the hospital.6

The first synthetic antimicrobial drugs successfully used for various bacterial infections were sulfonamide antibiotics, 
which were first introduced in the 1930s.7 Sulfonamides are classified as antimicrobial drugs with a broad spectrum 
effective for gram-positive and gram-negative bacteria.8 This review will discuss about antibiotic and nonantibiotic 
sulfonamides. Sulfamethoxazole (SMX), sulfamerazine, sulfamethizole, sulfamoxole, sulfamethazine, sulfisoxazole, and 
sulfapyridine are antibiotic sulfonamides. Whereas furosemide, hydrochlorothiazide, sulfasalazine, acetazolamide, suma
triptan, and glyburide are classified as nonantibiotic sulfonamides.9 There are chemical molecular structure differences 
between antibiotic and nonantibiotic sulfonamides. In the antibiotic structure, an arylamine group plays a role in skin 
reactions to drugs. The arylamine group will be metabolized, which causes an immune response by acting as a hapten and 
the presence of T lymphocytes that appear when a sulfonamide-induced skin reaction occurs.10

Sulfonamides are usually prescribed to treat infectious diseases such as bronchitis, bacterial meningitis, pneumonia, diarrhea, 
urinary tract infections, eyes, and ears.11 Sulfonamide antibacterial agents are derivatives of 4-aminobenzenesulfonamide or 
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sulfanilamide.7 This antibacterial agent works by competitively inhibiting folic acid synthesis, which prevents the growth and 
proliferation of microorganisms. Because of the mechanism, sulfonamides are included in the bacteriostatic antibiotic group.8 As 
antibiotics, sulfonamides can also cause ADRs in specific individuals. In the general population, it is estimated that 3–8% of 
patients report a sulfonamide allergy.12 It has been widely reported that sulfonamide antimicrobials cause hypersensitivity 
reactions mediated by IgE or T cells. This hypersensitivity can cause severe cutaneous adverse reactions (SCARs), such as 
Stevens-Johnson Syndrome (SJS)/Toxic Epidermal Necrolysis (TEN) Drug reaction with eosinophilia and systemic symptoms 
(DRESS).13 There are risk factors associated with allergic reactions that cause sulfonamide, ie, HIV-positivity,14 cross- 
reactivity,15 genetic,16 and drug administration.5

HIV-positive patients and sulfonamide antimicrobial hypersensitivity have been detected by 3–8% of the population 
and 27% of the trimethoprim/sulfamethoxazole (TMP-SMX) treatment for Pneumocystis Pneumonia (PCP).15 Then, the 
cutaneous administration of sulfonamide drugs can cause serious adverse effects, including allergic reaction.5 After that, 
HLA-A*11:01 was responsible for Japanese patients causing hypersensitivity reactions of sulfonamide.16 Unlike 
Japanese, a study published by Strom et al showed that cross-reactivity has a severe effect causing allergic reactions. 
The percentage of sulfonamide drugs with long-term uses has 9.9% for antimicrobial and 1.6% for non-antimicrobial.

Three potentials can cause allergies due to sulfonamides, including drug molecules or their metabolites acting as 
haptens; the presence of molecular bonds with proteins that trigger an immune response; or cellular proteins that elicit 
direct cytotoxicity and induce an immune response. Based on sulfonamide metabolites, some parts are suspected of 
causing allergic reactions or hypersensitivity, marked with a red circle (Figure 1) when interacting with IgE. However, 
there is no specific explanation of the five metabolites that commonly cause allergic reactions or hypersensitivity. The 
NH2-SO2 cannot bind to IgE. Thus, the suspicion of this part causing an allergic reaction or hypersensitivity can be 
eliminated.12

In a study by Reinhart et al, several candidate genes are involved in the pathogenesis of hypersensitivity to 
sulfonamides.17 However, the pharmacogenetics for sulfonamide hypersensitivity is still being evaluated in a limited 

Figure 1 Sulfonamide metabolites that cause hypersensitivity.
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number of studies.17 In 2001, a study demonstrated the association between the human leukocyte antigen (HLA)-A30 
B13 Cw6 haplotype and TMP-SMX-induced skin lesions known as fixed drug eruption (FDE).18 This indicates a link 
between hypersensitivity reactions with a person’s genetic condition. Therefore, this review aimed to discuss the 
immunopathology and clinical manifestations of sulfonamide hypersensitivity reactions, including description, reported 
case, mechanism, diagnosis, treatment, prevention of each clinical manifestation, and the associated genes are summar
ized in Table 1.

Immunopathology
Normally, sulfonamides are metabolized by N-acetyltransferase. Sulfonamide toxicity is thought to be pioneered by drug 
bioactivation by forming hydroxylamine derivatives by the cytochrome P450 2C9 monooxygenase system, a cytotoxic 
metabolite produced by spontaneous oxidation to nitroso derivatives with a significant toxicity-enhancing effect. 
Hydroxylamine or nitroso compounds will interact with DNA or proteins to damage tissues and cause hypersensitivity 
syndrome reaction. Nitroso-derived compounds can also activate T cells through the major histocompatibility complex on 
antigen-presenting cells to produce cytotoxic T lymphocytes, which will later cause cell apoptosis and tissue damage. 
Unmetabolized sulfonamides can directly stimulate the immune system by activating T cell receptors via the major 
histocompatibility complex (MHC). The mechanism of sulfonamide hypersensitivity can be seen in Figure 2.19

Early Type Hypersensitivity Reaction
Angioedema
Angioedema is a sudden swelling in the skin and mucous membranes and the respiratory and digestive tracts.20,21 The 
process of this swelling usually lasts approximately 24 hours or more and can heal without changing skin color.22 

Therefore, angioedema is considered an early type of hypersensitivity and type I IgE-mediated hypersensitivity.9 

Approximately 25% of people in the United States will experience angioedema in their lives.23,24 Symptoms of 
angioedema include swelling around the eyes, lips, and tongue accompanied by shortness of breath and dizziness and 
can cause fainting.25

In general, the mechanism of edema formation is an increase in the permeability of the local or subcutaneous 
submucosal capillaries, which causes extravasation of plasma, eventually causing temporary swelling. Plasma extravasa
tion can be caused by various molecular mediators, one of which is mast cell mediators such as histamine. 
Hypersensitivity caused by sulfonamides can be associated with a classic allergic reaction that triggers histamine release, 
resulting in plasma extravasation.20 The algorithm diagnostic for angioedema started by reviewing all patient medica
tions. Then, stop all the medicines that cause angioedema. Measure the levels of C4 complement to determine whether it 
is hereditary angioedema (HAE) or not. Besides that, skin testing or IgE assays can be suggested.24

The first line of therapy is antihistamines (H-1 blockers) because angioedema is associated with increased histamine 
levels. In addition, glucocorticoids (prednisolone) and sympathomimetics (norepinephrine) are used as second-line 
therapies if the first therapy does not provide significant results. It is necessary to pay attention to the patient’s condition 
first; if the swelling that is felt can interfere with the breathing process, intubation or oxygen therapy can be given.20,21 It 
is necessary to avoid triggers of angioedema, such as allergens or medications. The use of recommended drugs such as 
antihistamines or corticosteroids may not need to be given, but with these administrations, they can overcome symptoms 
more quickly.25

Delayed-Type Hypersensitivity Reactions
Uveitis
Uveitis is an inflammatory process in the part of the eye known as the uvea (consisting of the iris, ciliary body, and 
choroid).26 Uveitis has many prognoses and therapeutic approaches depending on its location, severity, and etiology. It 
can be infectious, neoplastic or traumatic, and immune-mediated.27 Symptoms can include redness, painful eyes, 
conjunctival injection, and total vision loss.26 Uveitis can be induced by using drugs both systemically and locally 
from drug-induced uveitis (DIU), which is a type III hypersensitivity reaction.27 Sulfonamides are one of the drugs that 
can induce uveitis in humans through systemic administration.28
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Table 1 Summary of Clinical Manifestations of Sulfonamide Hypersensitivity Reactions

Clinical Manifestation Mechanism Type of Hypersensitivity Number of Cases References

Angioedema (Swelling around the 

eyes, lips, and tongue, shortness 

of breath and dizziness)

Increase in the permeability of the local or subcutaneous 

submucosal capillaries, which causes extravasation of plasma, 

eventually causing temporary swelling

Early-Type Hypersensitivity Reaction 

Type I hypersensitivity reaction

More than 25% of people in the US 

and 7.4% international occurrence

[19–23]

Uveitis (Redness, painful eyes, 

conjunctival injection, and total 
vision loss)

Unknown Delayed-Type Hypersensitivity 

Reaction 
Type III hypersensitivity reaction

14 patients with bilateral anterior 

uveitis without hypopyon

[24–26]

Skin Rash (Redness, pain, swelling, 
itching, and irritation skin)

Involves Ig E and T cells and sometimes Ig G Delayed-Type Hypersensitivity 
Reaction 

Type IV hypersensitivity reaction

Occurs in about 2–3% of hospitalized 
patients

[27–29]

SJS/TEN (Blisters, hemorrhagic 

erosion of mucous membranes, 

fever, and malaise)

Sulfonamides are metabolized by N-acetyltransferases, and 

associated with the formation of hydroxylamine, primarily via 

CYP2C9 that interact with cellular macromolecules which will 
initiate the formation of tissue damage

Delayed-Type Hypersensitivity 

Reaction 

Type IVc hypersensitivity reaction

1.8 and 9.0 per million person-years [30–32]

Parotitis (Parotid swelling, 
tenderness, and erythema)

Unknown Delayed-Type Hypersensitivity 
Reaction 

Type I hypersensitivity reaction

56 cases as salivary gland swelling 
with eosinophil-rich mucus

[33,34]

DRESS (fever, facial edema, 

papules on the buccal mucosa, and 

rash all over his body)

The mechanism has been seen in Figure 2 Delayed-Type Hypersensitivity 

Reaction 

Type IVb hypersensitivity reaction

17-year-old male and 23 cases [35–37]

Pruritus (xerosis (dry skin) or 

eczema, and impair sleep, cause 
fatigue and irritability for chronic 

pruritus)

Basophilic leukocyte and mast cells have been activated by 

chemical, biology, or etc. Then, histamine has released and binds 
H1R. The activation of H1R by histamine causes activation of 

phospholipase Cβ3 (PLCβ3) and phospholipase A2 (PLA2) that 

increase the development of pruritus

Delayed-Type Hypersensitivity 

Reaction 
Type I hypersensitivity reaction

23% in 26 patients [38–40]
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Figure 2 Mechanism of sulfonamide hypersensitivity.
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The most prominent case series ever reported by Tilden et al, 1991 related to sulfonamide-induced uveitis, which 
included fourteen patients with bilateral anterior uveitis without hypopyon (twelve cases occurring after TMP-SMX 
administration, one after sulfadiazine administration, and one after unspecified sulfonamide derivative administration). 
Uveitis occurred an average of eight days after starting therapy, and four patients developed uveitis within the first 24 
hours of treatment. Based on this case, uveitis is considered as a delayed hypersensitivity.29 Potocnik et al, 2019 also 
reported uveitis as a form of ADR in the use of trimethoprim-sulfonamide in horses. Quarter horse mare has bilateral 
anterior uveitis with miosis. Both eyelids were swollen with edematous conjunctiva. There are yellowish-white annular 
opacities on the cornea originating from the limbus. A light flare increases in the anterior chamber. The left pupil was 
miotic, and the right pupil was slightly dilated. From horses’ clinical signs and symptoms, sulfonamide-induced uveitis is 
suspected to be due to the same syndrome described in humans.19

In many cases, these ADRs were reported due to the combined administration of TMP-SMX. Trimethoprim, which is 
usually combined with sulfamethoxazole, has uveitogenic properties.30 Inflammation may result from the direct immu
nogenicity of sulfonamides or the result of systemic necrotizing vasculitis in the case of Stevens-Johnson syndrome.28 

However, the exact mechanism of sulfonamide-induced uveitis remains unknown.31 All patients with sulfonamide- 
induced uveitis were successfully treated with topical corticosteroids and drug discontinuation.31 In the future, patients 
who have survived this uveitis should not be given another DIU, such as trimethoprim-sulfonamides.19

Skin Rash
Drug-related hypersensitivity has a wide range of manifestations and can be fatal. The most common manifestation is 
skin rash, occurring in approximately 2–3% of hospitalized patients. The risk of this hypersensitivity depends on the 
structure of the drug, the patient’s immune system, the dose of the drugs, the route of administration, the duration of 
treatment, and the specific type of HLA.32 A rash is an area of skin that is irritated or swollen. There is a rash with signs 
of redness, pain, itching, and irritation, and there is also a rash that causes blisters on the skin.33 After beta-lactam 
antibiotics, sulfonamides are one of the most common causes of drug-related hypersensitivity.34 Drug-induced hyper
sensitivity syndrome (DHS), such as skin rash, is a type IV hypersensitivity reaction. Sulfonamide antimicrobials have 
been implicated in various hypersensitivity reactions, such as T cell-mediated rash.13

Schnyder and Pichler 2013 reported a 48-year-old man who developed a rash for three days and an intermittent fever 
with a high temperature for eight days. Three weeks before this incident, the patient took a series of drugs, including 
sulfasalazine (nonantibiotic sulfonamide group). During the initial evaluation, this man developed several other symp
toms, and after six weeks, while in remission, the results of the patch test (10% petrolatum) with sulfasalazine, 
sulfapyridine, sulfamethoxazole, and other drugs were negative, but the lymphocyte transformation test (LTT) showed 
that there was an intense proliferation of the patient’s lymphocytes against sulfapyridine and sulfamethoxazole, the 
sulfonamide group. From these results, it can be seen that the patient has an allergy to sulfonamides.35 Patients allergic to 
sulfamethoxazole (SMX) should avoid sulfasalazine, and conversely, patients allergic to sulfasalazine should no longer 
be given sulfonamide antibiotics.36

The mechanism of sulfonamide-related hypersensitivity reactions, according to Schnyder and Pichler in 2013, 
involves Ig E and T cells and sometimes Ig G. Sulfamethoxazole, one of the sulfonamide antibiotics, is a prodrug that 
is metabolized to SMX-NOH (SMX hydroxylamine), which will then be oxidized to SMX-NO (Nitroso SMX). SMX-NO 
is highly reactive by binding to cysteine insoluble and cell-bound proteins. This results in an immune response. SMX can 
stimulate T cells directly without being metabolized before. SMX drugs can directly bind to HLA receptors and T cell 
receptors, which directly and indirectly cause T cell stimulation.35 This mechanism is described in Figure 2.37

It is better to discontinue consuming drugs suspected of causing hypersensitivity that result in a rash. Methylprednisolone, 
which belongs to the class of corticosteroid drugs, can treat hypersensitivity symptoms with a rash. Corticosteroid treatment 
could be tapered off in a few weeks until the rash symptoms subside and can finally be stopped.35

SJS/TEN
Stevens-Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN) are diseases that affect the skin and mucous 
membranes as a manifestation of adverse drug reactions.38 These reactions are considered to have delayed-type 
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hypersensitivity and represent an actual medical emergency.39 SJS/TEN is a type IVc hypersensitivity reaction.9 In 
addition to sulfonamides (eg, TMP-SMX), there are several other drug classes associated with SJS/TEN, such as 
anticonvulsants (phenobarbital, carbamazepine, phenytoin), antibiotics (penicillins, tetracyclines, macrolides), and 
other drugs (allopurinol, NSAIDs, sertraline).40 Cases of drug-associated SJS/TEN are approximately 1.8 and 9.0 
per million person-years.41 In the 87 cases of TEN, 18% were thought to be TMP/SMX-related symptoms.42 Symptoms 
associated with SJS/TEN are characterized by skin erythema with blisters, hemorrhagic erosion of mucous membranes, 
fever, and malaise.38

Drugs are the most common etiologic factor in most cases of SJS/TEN. However, the relationship between drugs as 
a cause of epidermal necrosis is not known with certainty. There is a role for T cells, particularly CD8+ lymphocytes, 
identified and mediated by cytokines.38 SJS generally results from widespread keratinocyte apoptosis induced by 
cytotoxic reactions and mediated by T lymphocytes.43 Sulfonamides are metabolized by N-acetyltransferases, and 
their toxicity is associated with the formation of hydroxylamine derivatives by the cytochrome P450 (CYP)3 mono
oxygenase system, primarily via CYP2C9. Hydroxylamine will interact with cellular macromolecules such as DNA/ 
protein, which will initiate the formation of tissue damage (Figure 2).19

In helping to classify the clinical conditions, the percentage of body surface area (BSA) with blisters or erosions in 
SJS/TEN is used.45,46 SJS will have erosions <10% of BSA, SJS-TEN overlaps with 10–30% of BSA, while TEN is 
about >30% of BSA.44 In drug-induced hypersensitivity reactions, there are increased levels of TARC (serum thymus and 
activation regulated chemokine), including Th2 and Th1 chemokine. Therefore, those two values might be implicated in 
SJS/TEN.46 Besides that, patch testing is used to identify the drugs that may cause the hypersensitivity reactions.39

So far, there has been no specific therapy that is considered the best in the management of SJS/TEN. The most crucial 
aspect in the treatment of SJS/TEN is the prompt administration of the suspected drug47 or by discontinuing the use of 
the drug suspected of triggering SJS/TEN. The patient can be given symptomatic therapy such as analgesics and 
rehydration. In addition, in the treatment of SJS/TEN, corticosteroids, cyclosporine A, IV immunoglobulin, plasmapher
esis, and N-acetylcysteine can be administered.48 Regarding the prevention of SJS/TEN, there is a need for screening 
related to pharmacogenetics. Based on Cummin et al, the HLA-B*1502 allele was found in all patients with drug-induced 
SJS/TEN, and only 3% were tolerant.49 Then, preventive measures need to be taken to limit drugs known to cause 
hypersensitivity. In this case, the sulfonamides group induced SJS/TEN.

Parotitis
Parotitis is an inflammation that occurs in the parotid gland, an unusual condition caused by an autoimmune process, 
obstruction of salivary stones, or the presence of a viral/bacterial infection.50 Commonly referred to include antic
holinergics, antihistamines, and antipsychotics.51 Based on Patel et al, this case of parotitis induced with TMP/SMX 
drugs was the first recorded in the literature. In this case, a 44-year-old man had bilateral parotid swelling with 
a tenderness that appeared seven days after treatment with TMP/SMX. There was no viral or bacterial cause, and 
when the drug was discontinued, the patient’s symptoms improved.51 Until 2016, Baer et al identified 56 cases were 
salivary gland swelling with eosinophil-rich mucus.52 Based on this case, parotitis is considered delayed-hypersensitivity 
because the reaction appears after several doses have been taken by the patient.51 Based on Wu et al, an increased level of 
IgE in parotitis patients indicates type I hypersensitivity may be involved.53

The exact mechanism by which TMP/SMX induces parotitis is yet unknown. Taguchi et al reported an association 
between methimazole causing pancreatitis and underlying parotitis associated with hypersensitivity reactions. This causes 
the possibility of a disease mechanism relationship that occurs between the pancreas and the parotid gland. Since 
sulfonamides are also associated with pancreatitis, it can be concluded that the correlation of TMP/SMX-induced 
parotitis is also the result of an immune response similar to Taguchi et al.54,55 In this case, the patient’s condition was 
resolved with the discontinuation of TMP/SMX. Thus, it is known that the patient’s parotitis was caused by hypersensi
tivity and caused by TMP/SMX.51

Alternative therapy is given to the patient, such as an injection of methylprednisolone and increased fluid intake.51 It 
is necessary to take preventive measures by limiting drugs known to cause SJS/TEN. In addition, it is important to 
maintain oral hygiene, which avoids parotitis caused by viruses or bacteria.
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DRESS
Drug reaction with eosinophilia and systemic symptoms (DRESS) syndrome is a drug-induced hypersensitivity reaction 
characterized by skin rashes. It can progress to internal organs such as the liver, lungs, kidneys, lymphadenopathy, and 
hematological manifestations. Dress syndrome is classified as idiosyncratic because this syndrome results from unex
plained side effects, is independent of dose, and mainly occurs only in susceptible individuals.56,57 A study by Kardaun 
et al found that few drugs or classes of drugs that commonly cause DRESS are anti-epileptic drugs (AEDs) (35%), 
allopurinol (18%), sulfonamides and dapsone (12%), and other types of antibiotics (11%).57 DRESS is associated with 
a delayed-type IVB hypersensitivity reaction by antiviral T cells that mediated it.58

In this case, a 17-year-old male with high-risk same-sex sexual behavior was treated for one week for gonorrhea and 
one month with TMP-SMX for acne. After treatment, the patient had a fever, facial edema, papules on the buccal 
mucosa, and rash all over his body. Lab tests were also performed, and there were no signs of infection or Nikolsky’s 
indication. The patient was diagnosed with DRESS caused by sulfonamide antibiotics. The diagnosis can be made by 
examining skin rashes that occur in more than half of the body's surface area and skin histopathology. In addition, 
examination of internal organs, such as ultrasound hepatosplenomegaly, was performed because eosinophils can attack 
the body and cause damage. The most commonly damaged main organs are the liver, kidneys, and heart. Other organs 
that can also be damaged are the lungs and nervous system. Genetic testing and infection can also be performed if 
needed. The exact mechanism of DRESS is yet unknown, but it can be figured based on the etiology of genetics and viral 
reactivation (Figure 2).59,60 Based on the report and publication, 23 cases of DRESS caused by sulfonamide have been 
reported.61

So far, there has been no specific treatment for DRESS sufferers. The most crucial aspect of DRESS management is 
discontinuing suspected DRESS-inducing drugs and administering drugs to relieve symptoms such as antipyretic therapy 
and corticosteroids. Oral prednisolone is a commonly used corticosteroid at a dose of 0.5–1 mg/kg/day for 2–3 months. 
Other therapies include intravenous immunoglobulin (IVIg) and immunosuppressant agents, such as cyclosporine, 
cyclophosphamide, and rituximab. Other adjuvant therapies include rehydration, electrolyte balance, and high-calorie 
administration.64,65 In preventing DRESS, further research and investigation of DRESS are still needed.

Pruritus
Pruritus is an itchy disease that generally ranges from 6 weeks to a maximum of 6 months.62 Pruritus is the most common 
dermatological disease, causing uncomfortable itching.63,64 Pruritus has various etiologies, one of which is 
a hypersensitivity reaction; in the case of Elzagallaai et al, pruritus induced by sulfonamide side effects reached 23% 
in 26 patients.65 Pruritus has a variety of etiologies so that the diagnosis can be made by biopsy and examination of the 
history before the disease appears.66 The most common signs of pruritus are xerosis (dry skin) or eczema. But, chronic 
pruritus can also induce sleep impairment, fatigue, and irritability.66

There are many mechanisms of pruritus; histamine is one of them as a key that causes this disease. When something 
(chemical, biology, etc.) has activated, basophilic leukocyte and mast cells, histamine has been released and binds H1R. 
The activation of H1R by histamine causes the activation of phospholipase Cβ3 (PLCβ3) and phospholipase A2 (PLA2) 
that increase the development of the pruritus.64

Pruritus is associated with type I delayed hypersensitivity that causes IgE immune system reactions.67 The treatment 
can be stopped when it happens, and if it does not improve, antihistamines and corticosteroids can also be given 
necessarily. However, the treatment must be adjusted to the inducing drug and the route of administration.68 Therapy with 
antihistamines or corticosteroids can be adjusted according to the patient’s needs and medical records because pruritus 
usually resolves on its own.68

Genetic Influence
It has been explained in the previous discussion that sulfonamides can cause SCARS, including SJS/TEN and DRESS, or 
drug-induced hypersensitivity syndrome (DIHS).35 Genetic susceptibility to the incidence of SCARs has long been 
suspected because of several family case reports and previous studies showing an association with serologically 
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determined HLA.69 Individuals who are susceptible to sulfonamide-induced SCARs can be seen by the presence of 
a characteristic HLA. This HLA was studied from patients who survived SCARs.70

HLA is a membrane-bound glycoprotein that binds to antigenic peptides and presents them to T cells.71 HLA is 
encoded by the major histocompatibility complex (MHC) and plays a vital role in maintaining the immunity.72 The main 
function of HLA is to recognize foreign proteins that enter the body. When there is an interaction between the two, the 
protein complex will be brought to the cell surface to be recognized by T cells, resulting in an immune response.73 HLA 
is divided into HLA class I and class II. HLA class I consists of HLA-A, HLA-B, HLA-C, and HLA class II consists of 
HLA-DR, HLA-DQ, and HLA-DP.71 The mechanism of SCARs is suspected to be due to off-target drug binding to 
specific HLA molecules.74

Roujeau et al, in 1987, studied HLA in patients who survived TEN. There were 13 patients with sulfonamide-induced 
TEN with nine cases induced by TMP-SMX. Of the 13 patients, HLA-A29 (6 of 13 patients), HLA-B12 (10 of 13), and 
HLA-DR7 (7 of 11) were associated with the incidence of sulfonamide-induced TEN. Fischer and Shigeoka’s study in 
1983 also discussed the intervention of genetic factors in SCARs in families. There is a case of SJS in identical twins 
induced by the administration of erythromycin and sulfonamide. The mother turned out to have a history of urticarial rash 
after taking oral erythromycin for one day, and her maternal grandfather had experienced symptoms resembling SJS after 
taking sulfonamides. The same HLA A29, B44, and DR7 were found in four family members. These studies demon
strated that HLA was associated with an increased risk of SCARs after sulfonamide administration.75

Nakamura et al, in 2020, also investigated the possibility of sulfonamide binding via the peptide-binding pathway with 
HLA. This study used 15 patients who had a history of sulfonamide-associated SCARs, eight patients had SJS/TEN, and 
seven patients had DIHS. Overall, 10 out of 15 patients had an HLA A A*11:01 excess, and the association was significant. 
Thus, this study found HLA-A*11:01 to be a risk factor for sulfonamide-induced SCARs in Japanese patients. From these 
studies, it can be learned that certain HLAs are susceptible to sulfonamides that cause SCARs in specific populations.16 

Therefore, prescreening genetic testing is thought to prevent severe hypersensitivity reactions.14

Conclusion and Future Perspectives
In our study, we summarized and reviewed cases of sulfonamide-induced hypersensitivity reactions, such as uveitis, skin 
rash, SJS/TEN, parotitis, angioedema, methemoglobinemia, DRESS, and pruritus. This is a form of adverse drug reaction 
that does not occur in all individuals. There are some individuals with specific genes that can trigger this hypersensitivity 
reaction. Several genes were found that can be associated with sulfonamide hypersensitivity and need to be studied 
further regarding the mechanism that occurs, including HLA-A29, HLA-B12, HLA-DR7, HLA-B44, and HLA A*11:01. 
In the future, this study could assist in developing sulfonamide hypersensitivity research regarding the relationship 
between genes that have been mentioned to trigger this hypersensitivity reaction with a diagnosis of hypersensitivity that 
can be used.

Abbreviations
ADR, adverse drug reactions; SCARs, severe cutaneous adverse reactions; TMP-SMX, Trimethoprim-sulfamethoxazole; 
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