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Abstract

Medication-related harm or adverse drug reaction is a great global health concern today. They are frequent and, most often, devastating. With the
rising incidences of drug-related adverse outcomes, it is imperative that clinicians have the knowledge and understanding of these occurrences
to prevent, diagnose, and manage them properly. Skin is a very commonly affected organ system, and incidences of cutaneous adverse drug
reactions are between 1-5% depending on the geographic location. Up to 60% or more of all adverse drug reactions may represent cutaneous
reactions. These may fall into either of the dose-dependent or dose-independent categories. Being the most prescribed and utilized drug group,
antibiotics have been implicated as one of the major drug groups causing cutaneous drug reactions. There is ample evidence that antibiotics cause
severe and non-severe cutaneous adverse drug reactions. A review of the present literature was done using MEDLINE/PubMed, Google Scholar,
and other search engines to gather evidence to find how extensive the problem is and how much the burden is. Which will enlighten clinicians
from all backgrounds and medical students and help them deal with cutaneous adverse drug reactions more prudently.
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Background and Introduction

Using medications in patient care is a cornerstone of modern
therapies, which brings with it the risk of unwanted medication-
related harm or adverse effects (AEs) to drugs [1,2], and not
having a causal relationship with the treatment [3]. Up to one in
ten patients experience these negative outcomes of medications.
Annual cost related to medication-related herm was estimated
to be about $42 billion USD. WHO has launched programs
targeting reduction of medication related harms [4]. A noxious
and unintended response to medicinal products occurring at
therapeutic doses is called adverse drug reaction (ADR) [5-7].
ADRs are common in healthcare settings and now pose a global
public health threat [5]. They cause morbidity and mortality
beside incurring additional cost [8]. Most ADRs are preventable
[6,9]. Antibiotics were found to be a main culprit causing cADRs
[10,11]. Many of the fatal ADRs are caused by antibiotics (ABs) [5].

Among all types of ADRs, the cutaneous adverse drug
reactions (cADRs) are the commonest and may represent up to
30% to 60% of all ADRs [12,3]. Sokolewicz etal., (2021) reported
even more higher rates (60-70%) [14]. Incidences of cADRs

vary globally, being 1-3% in the developed countries and 2-5%
in developing countries [11, 15, 16]. Many cases of cADRs go
unreported or remain underreported. Any undesirable structural
and/or functional change in the skin or its appendages or mucous
membranes are considered as cADR, and this may include drug
eruption during drug therapy [13]. Clinical manifestations
of the skin, mucous-membranes, and adnexa due to drug or
its metabolites are considered as cADR. Majority of these are
mild-moderate and are self limiting, but 2-6.7% could become
potentially life-threatening like- erythroderma (ED), drug reaction
with eosinophilia and systemic symptoms (DRESS), and Stevens-
Johnson syndrome (S]JS) and toxic epidermal necrolysis (TEN)
[17]. cADRs occur most commonly due to antibiotics (ABs) [12,
18-19]. In a systematic review antimicrobial were leading cause
of cADRs (45.46%) [20]. A nationally representative public health
surveillance done in the US found that over 46% of emergency
department (ED) visits were due to adverse drug events related to
anticoagulants, antibiotics, and anti-diabetes agents. Antibiotics
were responsible for moderate to severe allergic reactions. AB-
associated ADRs are common in children too. More than 56% of
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children <5 years of age experienced ADRs due to ABs and almost
32% of children aged between 6-19 years experienced ADRs due
to ABs. Overall, 18.2% patients on antibiotics had moderate to
severe allergic reactions, and another 63.3% had the mild allergy
[21]. Noel, Sushma, and Guido (2004) [22] reported that, in a
prospective hospital-based study, 32% of the cADRs were due
to chemotherapeutic agents like ABs [22]. ADRs involving skin
is also common in developing countries like- Bangladesh, India
[11, 20, 23-26]. A study conducted in the outpatient department
of Dhaka Medical College Hospital, Bangladesh found that about
43% of ADRs were caused by ABs, and Skin and Appendages was
the second most affected system (32%) next to the GIT (56%)
[23]. cADRs like Stevens-Johnson syndrome (S]S) and toxic
epidermal necrolysis (TEN) can be fatal and are mostly caused
by idiosyncratic drug reactions. A 10-year population-based
prospective cohort study done between April 2002 and March
2011 in Ontario, Canada, found that, among 708 hospitalized
patients, the incidence rate of SJS was 80% (n=567) and TEN 20%
(n=141). About 26% of those patients were admitted to critical
care, and 127 (17.9%) died in the hospital [27].

There is a suboptimal understanding of the classification
of ADRs among healthcare workers. Differentiating between
the classes of ADRs is essential for proper identification and
management of them [28]. A review of the existing literature was
done to find the extent of AB-associated cADRs. A search of the
relevant works of literature was made using MEDLINE/PubMed,
Google, Google Scholar, and grey literature, using the keywords
such as: “cutaneous adverse drug reaction”, “antibiotics associated
ADRs,” “skin and ADRs.” Only articles published in English were
included. Also, original research, systematic reviews, meta-
analysis, and review articles were considered.

Method

We searched MEDLINE/PubMed, Google Scholar, Google, and
grey literature from 2010 to 2022 but did not exclude commonly
cited important articles published before 2010. The search
was done using the keywords such as: “cutaneous adverse drug
reaction,” “antibiotics associated ADRs”, “skin and ADRs”, and
“antimicrobials”. Only articles published in English were included.
Also, original research, systematic reviews, meta-analysis, and
review articles were considered. We attempted to define various
types of cADRs as well as calculate the average and standard
deviations for various types of cADRs, both severe and nonservice,
besides calculating the frequency of antibiotics or antimicrobials
causing cADRs.

Review
Cutaneous Adverse Drug Reaction and Types

Antibiotics are one of the most prescribed and widely used
drug groups [29-30] especially in hospitalized patients [31-
32]. Their discovery and availability have revolutionized the
treatment of infections since the days of Fleming [33]. Positive

impact of AB use is evidenced by the declining rates of global
infant and child mortality [34]. Classifying cADRs is difficult
and confusing. Depending upon pathophysiology, morphology,
time of occurrence and severity they can be classified in many
ways. One simple way is clinically dividing them into two broad
categories, Type-A (augmented) and Type-B (bizarre) by Rawlins
and Thomson (1977) [17, 35, 37]. Drug reaction to ABs may be of
either immediate or delayed hypersensitivity type also [38].

Type A reactions

Type-A or augmented ADRs are predictable, dose-dependent
reactions, sometimes called side effects or drug toxicities. They
are extensions of normal pharmacological actions, mostly
due to overdosing, like bradycardia with beta-blockers, and
hypoglycemia with insulin. Drug-induced generalized rashes,
mucositis, alopecia, nail changes are some examples of Type-A
cADRs. These ADRs are mostly transient and are reversible with
dose cessation [17,35,37].

Type-B reactions

Also known as bizarre type ADRs and are unpredictable and
less common. They are not related to the known pharmacology
of the drugs. Often dose-independent, abnormal responses to
drugs and commonly known as drug hypersensitivity reactions.
Depending upon the mechanism they are subcategorized as
non-immunologically mediated and immunologically mediated
reactions [17,35,37].

ABs can cause non-immunological and immunological ADRs
[18]. Among the two major types of ADRs, dose-dependent, non-
immunological ADRs are the commonest (up to 80%) [13] and are
usually predictable., e.g., superinfection with broad-spectrum ABs
like tetracyclines, ototoxicity with aminoglycosides etc. Others can
be unpredictable and idiosyncratic (20%-25%) [13]. Immunologic
ADRs comprised of only 5%-10% of all cADRs [12,18] and can be
subcategorized into four main types (Type I-1V) (Figure 1) [12, 18,
39] as following:

Type I hypersensitivity reaction

Also known as immediate hypersensitivity reactions as they
occur within minutes to hours of drug exposure. Preformed drug
(antigen) specific immunoglobulin (IgE) antibodies (Ab) cause
mast-cell and/or basophil degranulation releasing inflammatory
mediators like histamine leading to rapid vasodilation and
increased vascular permeability. The result is drug-induced
angioedema, urticaria and anaphylaxis. Previous exposure and
sensitization with the drug are required [12,17] (Figure 1).

Type II hypersensitivity reaction

Delayed in onset and is less common. Abnormal binding of
IgG or IgM Ab to normal tissues leads to complement activation
leading to inflammation and tissue damage. Drug-induced bullous
pemphigoid is an example [12,17] (Figure 1).
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Figure 1: Types of Hypersensitivity Reactions
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induced SJS and TEN, and HLA-B 1508 in allopurinol-induced SJS/TEN are also suggested [44].
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Type III hypersensitivity

Occur 1-3 weeks after drug exposure. There is drug and Ab
immune complexes deposition in various tissues like blood
vessels, skin, kidneys, joints leading to local tissue damage by
activating complement cascades. There may be palpable purpura
in the skin [12,17] (Figure 1).

Type IV hypersensitivity

Also known as cell-mediated delayed hypersensitivity.
Mediated by T-cell response, triggered by an inflammatory
response to endogenous or exogenous antigen (Ag). Other white
blood cells like- monocytes, eosinophils and neutrophils may
also be taking part. e.g., contact dermatitis, maculopapular drug
reactions, SJS/TEN, acute generalized exanthematous pustulosis
AGEP [12,17] (Figure 1).

Morphological Classification of cADRs

Based on clinic-morphological appearance cADRs can be
classified into 5 categories: (i) exanthematous, (ii) urticarial, (iii)
bullous, (iv) pustular and (v) miscellaneous. As well, some authors
have categorized them into simple and complex categories. Any
cADR that is mostly limited to the skin and/or mucosa are simple
type. They hardly involve systemic tissues. When any cADR involves
other systems of the body besides skin, they are called complex.
They are characterized by fever, malaise, lymphadenopathy,
tachycardia, hypotension, joint-pain, respiratory difficulty, kidney,
and liver effects [17].

Exanthematous cADRs

The most common type of drug eruptions (>90%). A
heterogeneous type including- (a) morbilliform eruptions (ME),

(b) symmetric drug-related intertriginous and flexural erythema/
exanthem (SDRIFE), (c) drug-induced hypersensitivity syndrome
(DHS) or drug reaction with eosinophilia and systemic symptoms
(DRESS), (d) drug-induced erythroderma or exfoliative dermatitis
(ED), (e) contact dermatitis, (f) leukocytoclastic vasculitis [12, 17,
40-41].

Morbilliform Eruptions

This is the most common type of AB-induced cADR. Another
name is exanthem [41]. Characterized by small, diffuse, fine pink
to red macules and papules, hence called maculopapular eruption.
It may coalesce into patches and plaques. Rarely vesicles and
pustules [40] may appear. Usually, appear within 7-14 days of
drug exposure and stay for 5-10 days and appear more early on
re-exposure. They are pruritic, start as symmetrical involvement
on the trunk and then may spread to the proximal extremities
as well distal parts. It can be widespread but does not involve
mucosa normally. Some systemic features like fever, itchiness, and
leukocytosis or lymphopenia may be present in some cases. The
exact pathology is not known. Overexpression of certain cytokines
like interleukin (IL-5 and IL-13), and eosinophilia is evident in
affected skin. As well, perforin and granzyme B-like molecules
may be found. The commonest causative agents are antibiotics,
then antiepileptics and NSAIDs [12,17,40].

Symmetric Drug-Related Intertriginous and Flexural
Erythema/Exanthem (SDRIFE):

This reaction is also recognized as baboon syndrome. It is a
delayed hypersensitivity reaction. There are pruritic, erythematous
skin eruptions, especially on the flexural intertriginous areas [42]
like inguinal and/or gluteal regions. Well-demarcated lesions with
eczema, scaling or desquamation of affected skin are common
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features. Penicillin and cephalosporins are the causative agents
in about 50% of the cases. Clindamycin, erythromycin, nystatin,
fluconazole, and metronidazole may also cause SDRIFE. The
precise mechanism is unclear, but it’s believed that there is a type-
IV hypersensitivity reaction involved, which is evidenced by CD4+
T cell infiltration. It is a self-limiting condition and there is no
systemic involvement [12, 17].

Drug-Induced Hypersensitivity Syndrome (DIHS)

DIHS is also known as drug reaction with eosinophilia and
systemic symptoms (DRESS), hypersensitivity syndrome (HSS),
drug-induced delayed multiorgan hypersensitivity syndrome
(DIDMOHS). It is an idiosyncratic, severe cutaneous adverse drug
reaction (ScADR) (Choudhary, McLeod, Torchia, & Romanelli,
2013). Characterized by a triad of fever, skin eruption and systemic
organ involvement. Systemic signs like lymphadenopathy (50%
cases), hematological abnormalities, and organ damage like
hepatitis (75-90% cases) may also be seen. Symptoms appear
between 2-6 or 9 weeks after drug exposure. Skin eruptions follow
high fever (38°C-40°C) in almost 100% of cases. Concomitant
viral infection with viruses like herpes virus, CMV, EBV and
ethnic predispositions are proposed. Drugs like sulfonamides,
fluoroquinolones and minocycline or their metabolites may

cause this rare but life-threatening syndrome. Following a high
fever, there is an appearance of pruritic exanthem, which is a
diffuse, erythematous macular or maculopapular rash. It may
be accompanied by facial edema. Occasionally, pustules, blisters,
lichenoid, eczematous, and exfoliative skin lesions are visible
(Figure 2). Besides internal organ damage, there could be palpable
lymph nodes present. The liver, kidney, and lungs are the most
affected systemic organs. The heart, gastrointestinal, and central
nervous systems may also show evidence of damage, though less
commonly. On laboratory examination, leukocytosis, eosinophilia,
atypical lymphocytes, thrombocytopenia, and abnormal liver
function test (LFT) and renal function test (RFT) may be found.
If mucosal involvement is at all present, it is less severe than SJS/
TEN. DRESS brings high risk of developing autoimmune diseases
during recovery thus requiring long-term monitoring [12, 17, 41-
43]. The pathogenesis of DRESS is not well understood. There
may be a genetic deficiency of drug metabolizing enzymes, which
leads to an accumulation of drug metabolites that bind covalently
to macromolecules in the cells causing cell death. Activated
eosinophils, as well-activated inflammatory cascade induced by
interleukin-5 by drug-specific T-cells, may also contribute. Genetic
associations like HLA-B 1502 in carbamazepine.

s N
Figure 2: DRESS Due to Penicillin

N J

Drug-Induced Erythroderma or Exfoliative Dermatitis inflammatory infiltrates surrounding blood vessels with

(ED)

A rare and severe skin disorder that occurs due to various
causes like- viral infections, previous dermatoses (like- psoriasis
and eczema), drug reactions, malignancies, and idiopathic
disorders. There is extreme skin irritation, diffuse erythema, and
desquamation of skin on almost whole or most body surfaces
(>90%). There is pruritus, scaling, fever, lymphadenopathy, and
visceral enlargement. Occasionally, edema, hyperkeratosis and
mucosal involvement may be present [40, 45-47]. Histopathology
shows hyperkeratosis, parakeratosis, acanthosis, and chronic

eosinophils [40]. Drugs like- antivirals, antibiotics, carbamazepine,
thalidomide [46] and NSAIDs [48] may cause ED. Among
antimicrobials, common culprits are sulfonamides, antimalarials,
penicillins, isoniazid, thioacetazone, and streptomycin [40, 48].

Contact Dermatitis (CD)

This immune-mediated delayed allergic skin reaction [49]
appears within 48 to 72 hours drug re-exposure. The rash is
vesicular and pruritic (may be intense) with red spots at points
of contact, occasionally spread beyond and having visible borders.
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These may lead to erythema and scaling. There is a dramatic flaring
with erythema, vesicles, and bullae in acute cases; chronic cases
may make the skin thickened with cracks and fissures. Common
triggering agents include poison ivy, nickel, oxybenzone, neomycin,
and topical benzocaine [50]. The pathophysiology involves T cell-
mediated responses to such antigens that involve CD4* and CD8"
alphabeta* T lymphocytes, as well CD4 /CD8 gamma delta* T cells.
Other immune cells may also be involved [51].

Leukocytoclastic Vasculitis (LcV)

It is a small-vessel vasculitis of the dermal capillaries and
venules. May be of idiopathic origin (up to 50%) or caused by
infections, neoplasms, autoimmune disorders, and drugs [52]. It is
the commonest of all vasculitic skin lesions [53]. There is palpable
purpura on the lower limbs and small vessel involvement. About
30% of the patients have extracutaneous involvement. Antibiotics
like beta-lactams, erythromycin, clindamycin, vancomycin, and
sulfonamides are common offenders [52]. As well imipenem-
dilatating and levofloxacin-induced LcV have been reported
[54-55]. Lesions appear after 1-3 weeks of initiation of the
offending drug [52]. The pathophysiology includes immune
complex deposition in small vessel walls. Besides activation of
the complement system, there is the recruitment of neutrophils,
leading to injury to vessel walls. Secondary erythrocyte exudation,
fibrin, and serum also do take place. Lysosomal enzymes like
collagenases and elastases, and reactive oxygen species may lead
to fibrinoid necrosis of small vessel walls. Lymphokines support
the evolution of the process, as well IL-1, IL-6, IL-8, and TNF are
increased in circulation [52].

Lesions present as erythematous macules with palpable
purpura on both sides of the dependent body parts, like the lower
limbs and buttocks. Rarely unilateral or localized lesions are seen.
Hemorrhagic vesicles and bulla, pustules, nodules, and crusted

ulcers may be revealed too. The size of the lesions varies from 1
mm to 1 cm. May appear at once in crops
lesions with different stages [52].

or in cycles showing

Urticarial cADRs
Urticaria

It is the second most common type of cADRs. Presents as
itchy wheals (hives) on any part of the body, which are usually
erythematous (Figure 3b). The lesions may or may not accompany
angioedema [41] (Walsh, 2014). Disappears within 24 hours
without any marks on the skin. The hives show a triad of signs: a
central swelling surrounded by erythema, an itching or burning
sensation, and transitory nature. The pathophysiology involves
release of inflammatory mediators from mast cells and basophils
due to immune mechanism like Type-I hypersensitivity (Ig E
mediated) or a non-immune mechanism like direct degranulation
of immune cells by drugs like NSAIDs. Initially, single, or multiple
urticarial lesions of varying sizes may appear, which may be
small pink papules, macules or larger red wheals [12,17,40].
Histologically, dermal edema with neutrophil, lymphocyte, and
eosinophil infiltrates. Edema of subcutaneous tissue is called
angioedema. Angioedema and urticaria coexist in 50% of cases.
Angioedema presents as pinkish or pale swelling of the skin where
the skin is loose, like- the face, genital area, and mucosa involving
the mouth, larynx, and trachea. Anaphylaxis is an immediate
Type-I hypersensitivity reaction, which can lead to respiratory
collapse, shock, and death. Multiorgan involvement in anaphylaxis
leads to hypotension, bronchospasm, and GIT symptoms. Culprit
drugs are antibiotics like- penicillin, cephalosporins, tetracyclines,
and sulfonamides besides other drugs like- general anesthetics,
phenytoin, morphine, codeine, NSAIDs, ACE inhibitors [12, 17-18,
40-42].

Ve

Figure 3a: Target Lesion of EM

Figure 3b: Drug Inducer Urticaria
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Serum Sickness

A Type-llIl hypersensitivity reaction initiated by immune
complexes and characterized by fever, rash, and joint involvement.
Appears after 1-2 weeks of exposure to drugs like immune-
modulating agents, e.g., rabies vaccine, antivenoms etc. The rash is
urticarial and may presentas maculopapular or vascular eruptions.
There is arthritis in hands, feet, ankles, knees, and shoulder joints.
Besides, there could be accompanying clinical features like-
lymphadenopathy, neuropathy, vasculitis, and headache. Being a
self-limiting condition, it usually resolves within several weeks
after the drug causing it is stopped [17].

Serum Sickness-Like Reaction

An immunological skin reaction to drugs due to antigen-
antibody (Ag-Ab) complex formation, characterized by the sudden
appearance of rash with joint inflammation with or without fever.
Ag-Ab complex induces Type-IV hypersensitivity reaction. It is
dissimilar to serum sickness in many ways. There is an urticaria-
like skin rash characterized by erythematous papules and macules
of varying sizes which are not transient and may persist for several
days. Eye and lip edema may be present without respiratory
symptoms or anaphylaxis. Causative agents are- B-lactams like
amoxicillin and cephalosporins [17].

Bullous Eruptions

The Bullous drug reactions are characterized by fluid-filled
blisters or bullae on the skin and mucous membranes. They are
particularly challenging as most of these are the most severe
cADRs [56-57]. Bullous eruptions include different morphological
types, namely- fixed drug eruption, erythema multiforme, drug-
induced bullous pemphigoid, drug-induced pemphigus, drug-
induced linear IgA bullous dermatosis, drug-induced dermatitis
herpitiformis, Stevens-Johnson syndrome and toxic epidermal
necrolysis, bullous DRESS, contact dermatitis [17,56].

Fixed Drug Eruption (FDE)

A common type of cADR characterized by one or more round
to oval erythematous macules, patches, or plaques with or without
overlying blistering. There is the preference for face, lips, genitalia,
buttock, and upper extremities, but it may occur anywhere.
The lesions appear 24 hours to several days after the offending
drug exposure. The eruptions tend to recur with repeated drug
exposure in the same location, hence the name FDE. Common
drugs causing FDE are- NSAIDs, paracetamol, antihistamines, and
antimicrobials. Generalized FDE mimics TEN [12,17-18,41].

Erythema Multiforme (EM)

Also known as erythema nodosum (EN). The characteristic
feature of EM is targeting lesions, with a darker centre and paler
periphery having concentric erythematous rings (Figure 3a). Two
types- EM minor and EM major. The major type shows mucosal

involvement. Commonly caused by viral infections like herpes
simplex virus, but also may be caused by drugs like- sulfonamides
and penicillin Abs [12,41].

Drug-Induced Bullous Pemphigoid (DIBP)

It is an autoimmune condition with patches and tense clear
blistering on the affected skin that do not break easily. The
bullae may overly erythematous or urticarial plaques. Sudden
onset may look like EM and rarely involves mucous membrane.
ABs, analgesics, frusemide, captopril, penicillamine, dipeptidyl
peptidase-4 inhibitors (gliptins), and sulfasalazine are common
agents causing DIBP. This is common among young adults in
contrast to the idiopathic type, which is common in older adults.
The mechanism is not fully understood yet, but there is a genetic
predisposition (specific HLA alles involved) [17,57].

Drug-Induced Pemphigus (DIP)

Characterised by flaccid blisters which break easily and
often only erosions and/or crusting is visible. Nikolsky’s sign
(detachment of the epidermis from the dermis by a shearing
force) [18] may be positive. Mucous membranes may be involved
in 10-15% of cases. The pathophysiology involves the formation
of autoantibodies reacting with desmogleins. ABs like penicillin,
cephalosporins and vancomycin cause DIP. Blistering resolves
after discontinuation of the drugs, but rarely may persist like non-
drug induced pemphigus [12,57].

Drug Induced Linear IgA Bullous Dermatosis (LABD)

LABD resembles the idiopathic variety. Presents with tense
small and large blisters, often in ring-like arrangements on the
trunk, arms, and legs. It may also involve the palms and soles,
but rarely mucous membranes. It may become more severe and
resemble TEN. Histopathological examination usually does not
show circulating IgA autoantibodies to the basement membrane
zone. Lesions appear 1-2 weeks after starting the drug and
disappear in 1-3 days. Rechallenge with the drug causes a more
severe reaction with a shorter latency time and longer clearance
time. Vancomycin is the major culprit, but other drugs may also
cause LABD. Suggested mechanism is- drug activating CD8* T cells,
which release Interleukin (IL)-5, it then influences IgA expression.
The IgA antibody then targets numerous antigens [57].

Stevens-Johnson Syndrome (SJS) and Toxic Epidermal
Necrolysis (TEN)

Also known as Lyell Syndrome [40]. These are very rare but
fatal cADRs, considered among the severe cADR class because
of high morbidity, mortality, and long-term consequences. The
incidence of SJS is 1-2 cases per million person-years, and TEN
is 0.1-1.2 cases per million person-years [40]. SJS and TEN are
considered to be two spectrums of the same condition depending
on the percentage of skin detachment. In SJS <10% of the body
surface area (BSA) is involved, whereas TEN involves >30%
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BSA. SJS/TEN overlap is a condition placed in between these
two spectra and involves between 10-30% of BSA. There is
widespread keratinocyte death in the epidermis leading to loss of
the epidermis with mucosal erosions [40-41].

SJS/TEN develop 7-21 days of drug exposure. Present as
painful, erythematous, target-like dusky or purpuric macules and
papules, which progress to flaccid blisters rapidly. In about 95% of
cases, hemorrhagic erosions [40] may appear, and Nikolsky’s sign
is positive. Besides, patients present with nonspecific symptoms
like- high fever, respiratory problems, and severe malaise. The
lesions start appearing on the face and/or thorax and then spread
symmetrically to involve the rest of the body. Mucous membranes
in the mouth, conjunctiva, genital and anal region may show
lesions before cutaneous lesions appear. In severe form, internal
organs like kidneys, liver, lungs, GIT, bone marrow and joints may
be affected [17]. About 10% patients with SJS may die, whereas

this may reach up to 40% with TEN. Sulfonamides, penicillins,
fluroquinolones are common ABs that are implicated as the cause
(Figure 4) [12, 41]. Other drugs like- anticonvulsants, NSAIDs
(oxicam), allopurinol, and nevirapine are associated with high
risk. SJS/TEN is dose-independent ADR [40]. The mechanism is
T cell-mediated immune reaction. Drugs or its toxic metabolites
working as haptens provide antigenic stimulus. This initiated a
delayed hypersensitivity reaction. Drug-specific CD4* T cells are
found in the dermis and CD8* cells in the epidermis. The massive
release of cytokines and soluble factors like perforin, granzyme
B, and granulysin from the immune cells cause widespread
apoptosis, especially of the keratinocytes. Granulysin released
from cytotoxic T lymphocytes and Natural Killer (NK) cells causes
damage to mitochondria and, ultimately, apoptosis. Genetic factors
and some HLA alleles may be involved in the pathophysiology of
this spectrum [40].

s ™
Figure 4: Levofloxacin Induced SJS
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Pustular cADRs a prevalence of 0.65 to 4.8%. Clinically and histopathologically

Drug-Induced Palmoplantar Pustulosis:

Psoriasiform drug eruption is a drug-induced -chronic,
debilitating, immune-mediated, inflammatory skin condition with
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resembles psoriasis. There is cellular infiltration, papillomatosis,
and epidermal hyperplasia with elongation of rete ridges. Hyper-
granulosis and parakeratosis may also be found (Kim & Rosso,
2010). Drugs like beta-blockers, lithium, tetracyclines, NSAIDs,
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adalimumab, and synthetic antimalarials may cause Palmoplantar
pustular psoriasis [58-59]. Drug-induced psoriasis and drug-
aggravated psoriasis are two variants. Former abates on stoppage
of the offending drug but the next one continues to progress [60].

Acute Generalized Exanthematous Pustulosis (AGEP)

AGEP is a rare skin drug reaction with sterile, non-follicular,
superficial, small pustules on an erythematous base accompanied
by fever, itching, burning, and occasional systematic symptoms.
The incidence is 1-5 patients per million per year. At the onset,
there is edematous erythema on the affected skin, usually on the
armpits, neck, and groin (intertriginous regions) then spreading to
the trunk and limbs. Facial edema, purpura, vesicles, and EM-like
lesions may be visible too. Pustules are followed by desquamation.
Rare mucosal involvement (up to 20%), mostly oral. Up to 90% of
AGEP is due to drug exposure, and the lesions appear within 1-2
days of offending drug exposure. There is peripheral neutrophilia
and leukocytosis in 90% of patients [12, 17, 40-41]. Offending
drugs may include antibiotics (Walsh, 2014) like aminopenicillins
(ampicillin, amoxycillin), pristinamycin, quinolones, sulfonamides,
tetracyclines, and other drugs like terbinafine, ketoconazole,
fluconazole, diltiazem, and hydroxychloroquine [12, 17, 40].

Thelesions show spontaneous resolution on discontinuation of
the drug within two weeks followed by superficial desquamation.
Pathogenesis is unclear, but AGEP is a type IV hypersensitivity
reaction. It is suggested that there is activation, expansion, and
migration of drug-specific drug CD4 and CD8 T cells to the site
of reaction. This leads to the apoptosis of keratinocytes and the
formation of vesicles. Neutrophils play a significant role, especially
in adaptative immune reactions. CD4* helper T cells and CD8*
cytotoxic T cells produce cytokines, IL-17, IL-22, GCSF and TNF-a.
These are involved in the recruitment of neutrophils [40].

Acute Localized Exanthematous Pustulosis (ALEP)

Itis a localized form of AGEP. There are multiple non-follicular
sterile pustular lesions on the background of an erythematous
rash. Appears suddenly after drug exposure, affecting the face,
neck, or chest. Like the onset, remission is also quick, within days
even in the absence of treatment. There may accompany fever and
neutrophilic leukocytosis without systemic organ involvement
[40].

Drug Induced Sub Corneal Pustular Dermatosis (SPD)

Also known as Sneddon-Wilkinson disease as it was described
by Sneddon and Wilkinson in 1956 for the first time. SPD is a rare,
chronic, relapsing pustular skin reaction where the eruptions
constitute subcorneal pustules containing neutrophils. The
lesions present as discrete, flaccid pustules or grouped vesicles on
the flexor surfaces [61]. Etiology is unknown [62].
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Miscellaneous
Drug Induced Lupus (DI-SLE)

Exposure to certain drugs may lead to systemic lupus
erythematosus (SLE) like symptoms or DI-SLE, which is an
autoimmune reaction. A genetically susceptible person develops
DI-SLE on exposure to environmental triggers. In 1954 hydralazine
was described to cause lupus-like symptoms. More than 100
offending agents have been implicated, like procainamide,
minocycline,
alpha, rifampin,

isoniazid, quinidine, interferon-

phenytoin,

methyldopa,
penicillamine, chlorpromazine,
carbamazepine, ethosuximide, propylthiouracil, and sulfasalazine.
Statins, antiarrhythmic medications, ACE inhibitors, proton pump
inhibitors, gold salts, NSAIDs, and oral contraceptives are also
among the suspected culprits. Of all lupus cases, 6% to 12% are DI-
SLE, and the annual incidence is 15,000 to 30,000 new cases per
year in the US. Anti-histone Abs may be found (in 75%), though
anti-dsDNA Abs are less common to be found. Patients present
with fever, arthralgia/arthritis, and myalgia like symptoms with
rare involvement of internal organs like kidneys and CNS. Skin
presentation includes annular-polycyclic or psoriasis-like lesions
on photosensitive areas accompanying anti-SSA Abs and ANAs.
Symptoms abate soon after discontinuing the drug causing DI-SLE
[17, 63].

Drug Induced Alopecia

Alopecia means loss of hair on the scalp or on the body
[64]. Drug induced alopecia is mostly a reversible condition,
without any scarring, where there could be diffuse loss of
hair on the introduction of a new drug. Commonly caused
by chemotherapeutic agents. Heparin, warfarin, ACEls, beta-
blockers, valproic acid, carbamazepine, phenytoin, lithium,
cimetidine, retinoids, antithyroid drugs, cholesterol-lowering
drugs, interferons, anti-infective agents, amphetamines, NSAIDs,
bromocriptine, levodopa, some antipsychotics, and anti-anxiety
drugs may also cause hair loss. Either there is a falling of actively
growing hairs (anagen effluvium) due to abrupt cessation of
mitotic activity in rapidly dividing hair matrix cells or shedding of
resting or bulb hairs (telogen effluvium) due to precipitating the
follicles into premature rest [65-67].

Drug-Induced Photosensitivity

An interaction between the drug or its active metabolite
and sun exposure gives rise to this type of reaction. Two main
mechanisms have been described: (1) photoallergic and (2)
phototoxic reactions. The former type includes sensitization by
the drug towards T-cell-mediated or antibody-mediated response.
The sensitizing drug/metabolite binds to certain proteins to
form photo-antigens. A little amount of the drug may suffice to
induce the reactions. There is a latent time of several days after
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the exposure. Drugs like thiazide diuretics, NSAIDs, simvastatin,

itraconazole, griseofulvin, other antifungals, antimalarials,
beta-blockers, escitalopram, isotretinoin, TNF inhibitors, and
antibiotics like tetracyclines, cefotaxime, fluoroquinolones, and
sulfonamides may cause these reactions. Minocycline may rarely
cause SLE-like photoallergic reactions as well as isoniazid and
ethambutol may lead to photoallergic rash like pellagra. The
lesions may be eczematous eruptions or lichenoid reactions [12,
17]. Phototoxic reactions have different mechanisms and are
the results of direct cellular damage by the photoactive agents.
More common than the former type and develop very quickly
(within hours) of drug exposure. It is dose dependent reaction
and shows no cross-reactivity between similar agents. There is
erythema on the skin, looking like exaggerated sunburn. There
may be hyperpigmentation, onycholysis, pseudo-porphyria and
telangiectasis [12, 17].

Drug-Induced Vasculitis

Presents with palpable purpura of varying sizes, petechiae,
papules, and plaques and progressing to pustules or bullae. The
bullae may ultimately evolve into ulcerative-necrotic lesions and
heal, leaving hyperpigmented areas. Drugs working as antigens
may induce inflammatory damage to the blood vessel walls in the
skin. There might be underlying diseases like connective tissue
disease, inflammatory bowel disease or other malignancies.
Cutaneous small vessel vasculitis (CSVV) also known as
leukocytoclastic vasculitis, affects post-capillary skin venules.
Signs of vasculitis appear between 7-21 days after drug exposure.

Lesions often appear on the areas of stasis, like on the lower legs,
but may involve ankles, lower trunk, and upper limbs. A patient
may experience burning pain and/or itching. Systemic symptoms
include fever, arthralgia, myalgia, and anorexia with rare renal
or other organ involvement. In CSVV, there is fibrinoid necrosis
of vessel walls with upper dermal perivascular infiltration by
neutrophils. Eosinophils may also be found in the infiltrates. IgM
and/or complement C3 deposits on vessel walls is seen in 80%
of cases [40]. Drugs causing vasculitis are antibiotics, diuretics,
NSAIDs, anticonvulsants, antipsychotics, TNF-a inhibitors,
rituximab, and INT-B. The proposed mechanism suggests that
complement activation causes the drug-induced immune complex
deposits in the vessel walls, stimulating proinflammatory
cytokines, chemokines, and vasoactive amines. All these lead to
neutrophil recruitment, degranulation of immune cells releasing
collagenase and elastase enzymes, besides generating reactive
oxygen species. The result is inflammation and fibrinoid necrosis
of vessel walls [40].

Severe Cutaneous Adverse Drug Reactions (SCADRs)

Another way of categorizing cADRs is by dividing them into
non-severe cADRs and severe cADRs or ScADRs. Severe cADRs
are a group of potentially lethal ADRs involving the skin, mucous
membranes, and internal viscera. This may lead to pronounced
disability, needing hospitalization, intensive care, and specialized
care. ScADRs include SJS, TEN, SJS/TEN overlap, DRESS, AGEP,
GBFDE, and drug-induced acute ED. Various types of severe cADRs
were described by Zhao et al., (2019) (Figure 5) [68].

e N
Types of Severe cADRs (%)
0% 5% 10% 15% 5% 0% 35% 40%
B Ancther sewéne drig eruption B Erythroderma Tomie epidenmal mecnodysis
B Stevens-lohnsons syndrome B Exanthematous pustulosis W Severe erythema multiforme
Figure 5: Types of Severe cADRs (Ref Zhao et al., 2019)[68]
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Cutaneous Adverse Drug Reactions to Some Common

Antibiotics

The following table shows the common cADRs caused by some
commonly used antibiotics (Table 1) [69].

Discussion

The present review included forty-two published articles that
mentioned AB or AM associated cADRs, and ScADRs. In almost all

the papers, ABs were one of the major causes of cADRs or ScADRs.
The lowest frequency was found to be between 5% - 10% [15, 26,
42] and highest being 81.13% [70] followed by 73.8% [71]. Several
other studies also found a very high frequency of AB-associated
cADRs like-Wongetal., (2019) [72] 66.1%, Dimri, Raina, Thapliyal,
& Thawani, (2016) >69% [11], and Verma et al., 56% [73] (Table
2). Some of the studies did not mention the overall percentage or
rate of cADRs caused by AB/AM but mentioned rates related to the
individual drugs [74] (Table 2).

Table 1: Common cADRs of Some Commonly Used Abs.

Antibiotics Types of cADRs
Penicillins Diffuse maculopapular erythematous eruptions.
Cephalosporins Candidal vulvovaginitis, Pruritus ani, Urticaria, Maculo-papular eruption, TEN, EM, SJS, FDE, ED, Pemphigus, AGEP.
. Maculopapular and erythematous rash, ED, FDE, Skin pigmentation & hyperpigmentation (minocycline), Phototoxic
Tetracyclines .
drug eruptions.
Macrolides Phototoxicity, Angioedema.
Fluoroquinolones Morbilliform eruptions, Pruritus, Vasculitis, Leg pigmentation, Urticaria, Phototoxic reactions, Angioedema.
Clindamycin Morbilliform eruptions, Urticaria, Anaphylaxis and EM.

Trimethoprim-Sulfame-
thoxazole

Generalized pruritic maculopapular rash in HIV patients. EM, S]JS, TEN, EN, ED, FDE, Acute febrile neutrophilic dermat-

osis.
Rifampin Pruritus, Urticaria, Acneiform eruptions, Bullous pemphigoid-like lesions, Mucositis, ED, Exudative conjunctivitis.
Metronidazole SJS and TEN. Blistering, peeling, or loosening of the skin, red skin lesions, often with a purple center, redness of the face,
neck, arms, and occasionally, upper chest.
Gentamicin: allergic dermatitis, contact sensitivity, ulcerative dermatitis, urticaria, rash, and exfoliative erythroderma.
. . Tobramycin: contact dermatitis, exfoliative dermatitis, rash, urticaria, toxic epidermal necrolysis (given concomitantly
Aminoglycosides

with meropenem), DRESS syndrome (given concomitantly with piperacillin/tazobactam), and fixed exanthema. Amika-
cin: DRESS

Table 2: Papers with Antibiotic/Antimicrobial Associated cADRs or ScCADRs with % of Cases.

Fre-
quency
of ABs/

AMs

Year Author Drugs Implicated (%)
Zheng L, Jin H, Guan
2022 Y, Yang ] [75] Antibiotics: herbal injections, and nutritional support drugs. 28.85%
Huang PW, Chiou MH,
Chien MY, Chen WW, Co-trimoxazole, beta-lactam antibacterials, allopurinol, carbamazepine, phenytoin, diclofenac, lamo-
2022 Chu CY [76] trigine, phenobarbital, mefenamic acid, NSAIDs. 28.00%
. . . o i o ) o ) .
Dubrall D, Schulz M, Rashes, Eruptions, and Exanthems: Penicillin (50.6%), 3rd .(38.4 %), 2nd- (25.8%), and 1st-generation
Schmid M. Sachs B (5.3%) cephalosporins.
[7,}] Anaphylactic/Anaphylactoid Reactions: 1st- (52.6%) and 2nd-generation (33.2%) cephalosporins, and
2022 3rd-generation cephalosporins (9.1%) and penicillins (4.7%) 50.60%
Jain SK & Mishra A Antimicrobial agents, NSAIDs, and antiretroviral drugs. Ceftriaxone sodium (8.62%), glycopeptide 5.6% -
2022 [26] antibiotics including Vancomycin (5.60%), (Ofloxacin + Ornidazole) (4.74%) 8.62%
Macho’n N, Lewand-
owska J, Zdanowska
N, Placek W,0w-
czarczyk-Saczonek Amoxicillin with clavulanic acid (10%), Amoxicillin (9.29%), Paracetamol (6.43%), Metronidazole 5%-
2022 A[42] (5%), and Carbamazepine (5%). 10%

How to cite this article: Badar Uddin U, Zeenat Un N. Cutaneous Adverse Drug Reactions to Antibiotics: How Much is the Extent of the Problem?. JOJ
Dermatol & Cosmet. 2023; 5(4): 555666.DOI: 10.19080/]0JDC.2023.05.555666



http://dx.doi.org/10.19080/JOJDC.2023.05.555666

Juniper Online Journal of Dermatology & Cosmetics

Antibiotics (36.5%) and anticonvulsants (10%), Not identifiable (42.3%). vancomycin (32.42%),
meropenem (31.96%), ceftriaxone (16.44%), and polymyxin B (13.24%). Teicoplanin, clindamycin,
tazocin, metronidazole, ciprofloxacin, cefepime, amikacin, trimethoprim-sulfamethoxazole, cephalo-
thin, and linezolid. oxacillin, amoxicillin + clavulanate, clarithromycin, ampicillin, gentamicin, rifam-
Martins JC; Seque CA; picin, levofloxacin, azithromycin, penicillin, pyrimethamine, and erythromycin all together (5.94%).
2022 Porro AM [78] Antifungals, NSAIDs, analgesics, neuroleptics, chemotherapeutic drugs, and others. 36.55%
Tee CT, Abdullah
NHB, Kristum-
moonthy P, Lee CS
2022 [79] Antibiotics (29.3%), Allopurinol, phenytoin, carbamazepine, co-amoxiclav, and cephalexin. 29.30%
Rana S, Gupta K, Antimicrobials (39%) with fixed dose combination of fluoroquinolones with nitroimidazoles (42%)
Agarwal N, Ahamed topping the list, followed by fluoroquinolones alone, beta-lactams and sulphonamides. Analgesics
2021 ANM [80] (17%), antiepileptics (12%), antitubercular drugs (7%), and miscellaneous (25%). 39.00%
Rossi G; Cartell AS; Antibiotics (29.0%), anticonvulsants (14.5%), dipyrone (7.2%), 33.3% the drug related to CADR was
2021 Bakos RM [81] undetermined. 29.00%
Aromatic anticonvulsants in (44.3%), {3-lactam antibiotics in (15.7%), and non-f3-lactam antibiotics in
(8.6%). Among (-lactams Amoxicillin (36.36%), Cefazolin (18.18%), Benzathine penicillin G (18.18%);
Ceftriaxone, Meropenem and Piperacillin-tazobactam (9.09%) each. Among non-B-lactams Ciprofloxa-
2021 Mejia et al,, [82] cin (33.33%), Azithromycin, Erythromycin, Clindamycin and Vancomycin each (16.67%) 24.30%
Alvarez-Arango et
2021 al,, [83] Vancomycin. 12.00%
f-lactams caused 15% of all cADRs cases and 56% of all AB induced cADRs, the remaining 44% by
other ABs.
Amoxicillin alone (26.19%) or combined with clavulanic acid (21.43%), cephalosporins (8.33%)- 2nd
and 3rd generation, cefuroxime, and ceftriaxone, respectively.
Lincosamides (21.43%), including lincomycin or clindamycin and tetracyclines (5.95%). Folic acid an-
tagonists’ trimethoprim-sulfamethoxazole (4.76%), macrolides (2.38%), and clarithromycin (1.19%).
Fluoroquinolones (2.38%), metronidazole (2.38%), vancomycin (1.19%), nitrofurantoin (1.19%) and Not
rifampin (1.19%). men-
2021 | Sokolewicz etal.,, [14] vancomycin (1.19%), nitrofurantoin (1.19%) and rifampin (1.19%). tioned!
Vancomycin-associated Red Man syndrome were 22%. Vancomycin (3 cases), Ceftriaxone (2 cases),
Amoxicillin-clavulanate (1 cases), Ceftazidime (1 case), Clindamycin (1 case), Piperacillin-tazobactam
2021 Same et al,, [84] (1 case). 7.00%
Penicillins (42%), sulfonamides (25%), fluoroquinolones (4.3%), tetracyclines (4.2%), and macrolides
2020 Jourdan et al., [30] (3.5%). Cephalosporin (2.3%), Vancomycin (1.9%), Clindamycin (1.2%) 21.80%
Antiretrovirals and antibiotics were the most common drug classes causing SJS and TEN, with nevi-
rapine (40.7%) and co-trimoxazole (33.5%). Ciprofloxacin (0.9%), erythromycin (0.7%), Crystalline-
penicillin injection (0.5%), cephalexin, ampicillin-cloxacillin, amoxycillin-clavulanate, doxycycline,
2020 Oshikoya et al., [85] cefixime, ceftriaxone, ceftazidime, and levofloxacin each 0.2%. 37.40%
2020 Yang et al., [86] Antimicrobials (28.85%) common cADRS, and antiepileptic drugs (36.15%) for S-CADRs. 28.85%
AMs (58%), ABs (51.8%), and NSAIDs (19%). ABs caused 86.7% of SJS/TEN. Antiepileptics caused
69.2% of DRESS. ABs included amoxiclav, cloxacillin, ampicillin-sulbactam, ceftriaxone, ceftazidime,
cefixime, clarithromycin, teicoplanin, vancomycin, gentamicin, clindamycin, metronidazole, cotrimox-
2020 Liccioli et al., [87] azole, azithromycin. 58.00%
Common cADRs (8.99%) due to ABs (amoxicillin, avibactam, benzylpenicillin, cefaclor, cefadroxil,
ceftazidime, ceftobiprole, ceftriaxone, clarithromycin, daptomycin, delamanid, doxycycline, ertapenem,
linezolid, meropenem, oritavancin, phenoxymethylpenicillin, rifabutin, rifaximin, teicoplanin, tigecycli-
ne, trimethoprim, and vancomycin.
Uncommon cADRs (8.26%) were due to Amikacin, azithromycin, cefotaxime, cefpodoxime, cefuroxime,
ciprofloxacin, clindamycin, dalbavancin, fidaxomicin, flucloxacillin, Fosfomycin, levofloxacin, methena-
Ancuceanu R, Dinu M, | mine Hippurate, moxifloxacin, ofloxacin, pivmecillinam, sodium fusidate and tedizolid. Rare (3.06%):
Furtunescu F, Boda ethambutol, minocycline and oxytetracycline. Very rare: antibiotics (gentamicin, metronidazole,
2019 D [88] metronidazole benzoate) 8.99%
Penicillins were associated with the most immediate (33.0%) and delayed (39.0%), sulfonamide anti-
2019 Wong et al. [72] biotics, fluoroquinolones [% of SCADRs] 66.10%
PIPC/TAZ (20.7%), meropenem (16.0%), doripenem (15.4%), vancomycin (19.0%), daptomycin
2019 Hagiya et al., [89] (11.8%), and teicoplanin (10.9%). 2.50%
Non-severe-cADRs: antibiotics (48%), Chinese medicine (16%), allopurinol (9%). Severe cADRs: seda-
2019 Zhao et al,, [68] tive-hypnotics and antiepileptics (39%), antibiotics (22%), and allopurinol (15%). 48.00%
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Hasan |, Joarder RH,
Rabbani R, Bachar Antibiotics (81.13%) (Cefuroxime, Ceftriaxone, Meropenem, Ciprofloxacin, Levofloxacin) caused most
2019 SC[70] ADRs including serious reactions (S]S & TEN). NSAID ketorolac 5.66% and paracetamol 5.66%. 81.13%
Antimicrobials (46%), NSAIDs (18%), and antiepileptics (10%). AMs: rifampicin followed by isoniazid,
Modi A; Desai M; nevirapine, norfloxacin, ofloxacin, metronidazole, and fixed dose combinations like zidovudine + lami-
2019 Shah S; Shah B [90] vudine + tenofovir and tenofovir + lamivudine + efavirenz. 46.00%
Kim HS & Tang MM Antibiotics (46.36%), Analgesics (32.99%), Anti-epileptics (2.2%), Antiplatelet/anticoagulants
2018 [91] (1.86%). 46.36%
Selvarajah LR &
2017 Choon SE [92] Antibiotics (37%), Anticonvulsants (18.6%): Cotrimoxazole, phenytoin and rifampicin. 37.00%
Thakkar S, Patel TK,
Vahora R, Bhabhor P,
2017 Patel R [93] Total 240 drugs suspected. Antimicrobials (35.18%): fluoroquinolones, penicillins, nitroimidazoles. 35.18%
Antibiotics (29.2%), sedative hypnotics and anticonvulsants (26.0%), and antipyretic analgesics
(17.1%,) Gout suppressants (11.0%). Chinese medicine (2.2%), others (2.1%), unknown drugs (1.7%),
2017 Deng et al,, [94] unconfirmed drugs (1.5%) and biological agents (1.4%). 29.20%
2017 Salem et al., [95] Antibiotics (38.8%), Antiepileptics (17.9%), Analgesics/NSAIDs (16.4%) and Allopurinol (8.9%). 38.80%
. Antimicrobials (54.07%) [Penicillins (14.07%), Cephalosporins (8.15%), Glycopeptides (7.40%) and
Graudins LV, Ly ], ; .
2016 JTrubiano J, Aung AK rest TMP-SMX, Macrolides, Quinolones, and others.
[9é] 8 NSAID, Carbamazepine, Phenytoin, Lamotrigine, Allopurinol etc. are non-antibiotics representing
45.93%. 54.07%
Dimri D, Raina RS,
Thapliyal S, Thawani
2016 V[11] 69.4% cADRs due to ABs, 6.31% due to NSAIDs. Cephalosporins caused 39.5%, quinolones=19.7%, 69.40%
Sulfonamide antibiotics and glycopeptides were implicated in 20% of AA-cADR. Beta-lactams (45.2%),
Cephalosporins (16.1%), Sulfonamide antimicrobials (12.9%) Fluoroquinolones (4.8%), Glycopeptides
(12.9%), Macrolides (4.8%), Carbapenems (1.6%), Azoles (4.8%), Lincosamides (3.2%), Nitroimidaz-
2016 Trubiano et al,, [71] oles (3.2%). 73.80%
Chopra D, Sharma'V,
Kapoor R, Dwivedi
2015 S[25] AB 51.5%, NSAIDs 13.4%. ABs include beta lactams like- amoxicillin, cefixime, cephradine. 51.50%
Antiretroviral (75.56%), Antibacterial (10%), Antiepileptic (06.67%), NSAIDs (04.44%), Antihistamin-
2015 Pawar et al,, [15] ic (1.11%), Others (2.22%). 10.00%
Sharma R, Dogra D,
2015 Dogra N [16] Antimicrobials in 40%, NSAIDs in 35.3%, steroids 14.67%, anticonvulsants 5.33%. 40.00%
Antimicrobials, analgesic, anti-inflammatory and antipyretic drugs. Penicillins, cephalosporins, quino-
2014 Dilek et al., [97] lones, macrolides, metronidazole, trimethoprim-sulfamethoxazole. 45.90%
Patel TK; Thakkar SH; | Antimicrobials (45.46%), NSAIDs (20.87%) and anti-epileptic drugs (14.57%). Sulfa (13.32%), $-lact-
2014 Sharma DC [20] ams (8.96%) and carbamazepine (6.65%). 45.46%
Verma R, Tiwari S,
Gupta CM; Verma N Antimicrobial drugs (56%), analgesic/anti- inflammatory/antipyretic (17.6%), antiepileptic drugs
2014 [73] about (15%), tryptomer & isotretinoin about 11.7%. 56.00%
Penicillins for SJS or SJS-TEN overlap, TEN, and AGEP, glycopeptides for DRESS. Cephalosporins for all 4
2014 Lin et al,, [74] ScADRs types (S]S, TEN, AGEP, DRESS). 14.20%
Nandha R, Gupta A, | Antimicrobials (48.30%), NSAIDs (21.90%), and antiepileptics (13.20%). Cotrimoxazole 23.07%, Amo-
2011 Hashmi A [10] xicillin 8.79%, Fluoroquinolones 5.49%, Tetracyclines 2.19%. 48.30%
Ding WY, Lee CK, Antibiotics in (38.8%), anticonvulsants in (23.8%), Allopurinol in (13.9%), carbamazepine in (10.3%),
2010 Choon SE [98] phenytoin in (9.6%) and cotrimoxazole in (9.3%) ADR cases. 38.80%
Fiszenson-Albala et Antibiotics are 55%. Penicillins (23%), antibacterial and hypoglycemic sulfonamides (12%) and che-
2003 al., [99] motherapy (10%). Diuretics, antiplatelet drugs, and hydroxychloroquine (< 5% each). 55.00%
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Among all the ABs, penicillins were the most implicated

drug group, others being cephalosporins, sulphonamides,
fluroquinolones, macrolides, glycopeptides, tetracyclines and
others [42, 80, 93, 96-97, 100]. One of the articles mentioned
vancomycin induced severe cADR, red man syndrome (RMS)
[83]. Wong et al,, (2019) [72] in their study found that penicillins

were responsible for most of the immediate type cADRs (33.0%).

Penicillins also caused delayed type of ScADRs (Figure 6) [72].
Penicillins were also responsible for SJS or SJS/TEN overlap in
over one third of ScCADRs cases [74]. Several other papers also
found penicillins or other -lactam ABs as main culprits for cADRs
[77,100]. In a retrospective analysis of 608 cases in central China
[68] described that ABs were responsible for both non-severe
cADRs (48.0%) and severe-cADRs (22.0%) [68].
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Delayed Type ADR (%) and Causative Drugs (Wong et al., 2019)
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i Dermutitin Fd ™ Serum Sy AR pOAR
mieriiln  mlolpbonamaden  BOpptakigeney i W Merokse W T
Figure 6: Delayed Type of cADRs (%) and Causative Drugs [72]
N J

A retrospective descriptive study in a teaching hospital in
Sudan found significant numbers of severe cADRs involving
various antibiotics where ciprofloxacin was the greatest offender
(41.46% of FDE, EM-Major, SJS and TEN). Other ABs or AMs
involved were artesunate (12.2% of EM-Major, SJS, TEN), penicillin
(7.32% of EM-Major, SJS), sulfamethoxazole-trimethoprim (7.32%

of SJS, TEN, SJS/TEN overlap), norfloxacin (7.32% of TEN),
amoxycillin (4.88% of S]S, TEN), ceftriaxone (4.88% of SJS, TEN)
and ampicillin-cloxacillin, amoxicillin-clavulanic acid, Fansidar
(sulfadoxine and pyrimethamine), erythromycin, clarithromycin
and tetracycline caused 2.4% each of SJS, TEN and EM-Major
reactions [101].
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There is a wide variation in the frequency of various types
of cADRs in the studies reviewed. Not all types of cADRs were
observed in the range of the papers. In the present review,
Maculopapular rash (MPR) or Exanthema were the most prevalent
type of non-severe cADR (33.98% + 12.72%) followed by Drug-
induced urticaria (DIU) (17.36% * 13.97%), fixed drug eruptions

(FDE) (10.22% * 10.10%), angioedema (8.79% #* 15.41%),
Erythema multiforme (EM)/ Erythema nodosum (EN) (8.56%
+ 11.31%), Erythema dyschromicum perstans (EDP) (5.21% =*
4.09%), Drug-induced vasculitis (DIV) (7.04% * 8.93%), Post-
drug phototoxic and photoallergic reactions (PDPAPR) 3.86% =*
5.39%), and other types (8.95% * 8.66%) (Figure 8).
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In one of the articles, rate of MPR was almost 59% [90].
Fiszenson-Albala et al., (2003) [99] also mentioned a high MPR
frequency of 57%. Several others mentioned rates >40.0% [10, 77,
81, 86, 91, 102] (Table 2). Two of the papers mentioned >50.0%
cADRs as DIU [91, 97]. Kim and Tang (2018) [91] also mentioned
relatively higher rates ofangioedema (55.67%). Dimrietal., (2016)

[11] found in their retrospective analysis of cADRs reported in
a tertiary care teaching hospital that the most prevalent type of
skin reactions were exanthematous eruptions or MPR (33.3%)
followed by Itching or Pruritus (14.4%), DIU (13.5%), other types
(>17.0%) (Figure 9) [11].
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Figure 9: Figure-Types of cADRs in a Tertiary Hospital (Dimri et al., 2016)[11]
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Drug-induced urticaria (DIU), Drug-induced vasculitis (DIV),
Erythema dyschromicum perstans (EDP), Erythema multiforme
(EM)/ Erythema nodosum (EN), Maculopapular rash (MPR) or
Exanthema, Fixed drug eruption (FDE), Post-drug phototoxic and
photoallergic reactions (PDPAPR), Exfoliative dermatitis (ED)/
Erythroderma, Lichenoid dermatitis (LD), Acneiform eruptions
(AE), Red man syndrome (RMS) (Table 3). When it comes to
severe cADRs, the most prevalent types were DRESS (18.81%),
SJS/TEN overlap (14.6%), SJS (19.82%) and TEN (12.67%)
(Figure 10). These were followed by AGEP, SDRIFE, and other

Table 3: Types of Cutaneous ADRs and Rates (%).

types 7.9%, 2.86%, and 7.86% respectively (Table 4). In a Nigerian
study Oshikoya et al., (2020) mentioned very high frequency of
SJS (>90%) [83]. In a study at an Italian tertiary care paediatric
hospital from 2010 to 2018, a very high frequency of SJS (>55%)
and DRESS (>31%) was observed [87]. Rojas Mejia et al,, (2021)
[100] described very high rates of DRESS-DIHS (60%) in their
study of ScADRs in Latin America [100]. Besides, three other
studies mentioned high rates of DRESS (>30.0%) [42, 74, 92].
Among these Lin et al,, (2014) [74] and Rojas Mejia et al., (2021)
[100] studies were concerning SCADRs only.

Author & Year AGEP DIHS or DRESS SDRIFE SJS TEN SJS/TEN | Other cADRs & ScCADR
Zheng et. al,, [75] 0.23%
Huang et. al,, [76] 1.90% 23.70% 47.30% 21.40%
Dubrall et al.,, [77]
Jain SK; Mishra A [26] 2.59% 2.59%
Macho'n et al, [42] 2.86% 37.14% 2.86% 2.14%
Tee etal, [79] 48.80% 63.40%
Rana et al,, [80] 2.90% 15.50%
Rossi G; Cartell AS; Bakos RM (2021) [81] 8.70% 1.40% 4.30%
Rojas Mejia et al., [100] 8.50% 60.00% 7.10% 17.10% 1.40% 5.70%
Alvarez-Arango et al,, [83] 0.20% 0.70% 0.30% 0.02%
Oshikoya et al., [85] 90.45% 9.60%
Yang et al., [86] 6.67% 12.12%
Liccioli et al,, [87] 3.70% 31.50% 55.55% 5.50% 3.80%
Wong et al, [72] 0.00% 0.00% 0.03% 0.00% 0.04%
Zhao et al,, [% of Severe cADRs] [68] 26% 3.00% 2.00% 29%
Modi et al,, [90] 4.83% 0.37%
Kim HS, Tang MM [91] 0.34% 0.51% 0.17% 1.18%
Selvarajah LR, Choon SE [% of Severe cADRs] [92] 32.56% 13.95%
Thakkar et al., [93] 0.58% 3.51% 1.75%
Salem et al.,, [95] 15.40%
Chowdhury etal,, [103] 10% 16.00% 46.00% 19.00%
Graudins et al., [96] 12.90% 12.90% 17.60% 49.90% 67.00% 2.30%
Dimri et al,, [11] 17.10%
Trubiano et al., [71] 20% 17.50% 15% 35.00% 5% 5.00%
Chopra etal,, [25] 0.70%
Pawar et al,, [15] 4.44%
Sharma R, Dogra D, Dogra N 16] 0.66%
Dilek et al., [97]
Lin et al, [74] 16.20% 33.80% 33.80% 16.20%
Patel TK; Thakkar SH; Sharma DC [20] 0.14% 0.22% 6.84% 5.20%
Verma et al,, (2014) [73] 17.60% 2.90%
Nandha R, Gupta A, Hashmi A 10] 1.09% 15.38%
Ding WY, Lee CK, Choon SE [98] 6.80% 28.10% 5.70%
Fiszenson-Albala et al., [99] 10.00% 2.00%
Average 7.90% 18.81% 2.86% 19.82% 12.67% 14.60% 7.86%
rug-induced urticaria (DIU), Drug-induced vasculitis (DIV), Erythema dyschromicum perstans (EDP), Erythema multiforme (EM)/ Erythema nodosum (EN), Macu-

lopapular rash (MPR) or Exanthema, Fixed drug eruption (FDE), Post-drug phototoxic and photoallergic reactions (PDPAPR), Exfoliative dermatitis (ED)/ Erythrod-
erma, Lichenoid dermatitis (LD), Acneiform eruptions (AE), Red man syndrome (RMS).
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Table 4: Types of SCADRs with Rates.

Author & Year AGEP ?)I:gs"sr SDRIFE sJs TEN | SJS/TEN Oth‘;rcf\%';"s &
Zheng et. al,, (2022) [75] 0.23%
Huang et. al,, (2022) [76] 1.90% 23.70% 47.30% 21.40%
Dubrall et al,, (2022) [77]
Jain SK; Mishra A (2022) [26] 2.59% 2.59%
Macho'n et al,, (2022) [42] 2.86% 37.14% 2.86% 2.14%
Tee etal, (2022) [79] 48.80% 63.40%
Rana et al, (2021) [80] 2.90% 15.50%
Rossi G; Cartell AS; Bakos RM (2021) [81] 8.70% 1.40% 4.30%
Rojas Mejia et al., (2021) [100] 8.50% 60.00% 7.10% 17.10% 1.40% 5.70%
Alvarez-Arango et al,, (2021) [83] 0.20% 0.70% 0.30% 0.02%
Oshikoya et al,, (2020) [85] 90.45% 9.60%
Yang et al., (2020) [86] 6.67% 12.12%
Liccioli et al,, (2020) [87] 3.70% 31.50% 55.55% 5.50% 3.80%
Wong et al,, (2019) [72] 0.00% 0.00% 0.03% 0.00% 0.04%
Zhao et al,, (2019) [% of Severe cADRs] [68] 26% 3.00% 2.00% 29%
Modi et al,, (2019) [90] 4.83% 0.37%
Kim HS, Tang MM (2018) [91] 0.34% 0.51% 0.17% 1.18%
Selvarajah LR, C}lz%nRif [(9220]17) [% of Severe 32.56% 13.95%
Thakkar et al., (2017) [93] 0.58% 3.51% 1.75%
Salem et al, (2017) [95] 15.40%
Chowdhury et al., (2016) [103] 10% 16.00% 46.00% 19.00%
Graudins etal,, (2016) [96] 12.90% 12.90% 17.60% 49.90% | 67.00% 2.30%
Dimri etal, (2016) [11] 17.10%
Trubiano etal,, (2016) [71] 20% 17.50% 15% 35.00% 5% 5.00%
Chopraetal, (2015) [25] 0.70%
Pawar et al,, (2015) [15] 4.44%
Sharma R, Dogra D, Dogra N (2015)[16] 0.66%
Dilek et al,, (2014) [97]
Lin et al,, (2014) [74] 16.20% 33.80% 33.80% 16.20%
Patel TK; Thakkar SH; Sharma DC (2014) [20] 0.14% 0.22% 6.84% 5.20%
Verma et al,, (2014) [73] 17.60% 2.90%
Nandha R, Gupta A, Hashmi A (2011)[10] 1.09% 15.38%
Ding WY, Lee CK, Choon SE (2010) [98] 6.80% 28.10% 5.70%
Fiszenson-Albala et al., (2003) [99] 10.00% 2.00%
Average 7.90% 18.81% 2.86% 19.82% 12.67% | 14.60% 7.86%

Acute generalized exanthematous pustulosis (AGEP), drug-induced hypersensitivity syndrome (DIHS) or drug reaction with eosinophilia and sys-
temic symptoms (DRESS), symmetrical drug-related intertriginous and flexural exanthema (SDRIFE), Stevens-Johnson syndrome (SJS), toxic
epidermal necrolysis (TEN), SJIS-TEN overlap, generalized bullous fixed drug eruption (GBFDE).

Huang et al, (2022) [76] in a retrospective analysis of 18 (2004) [74] in their retrospective analysis of 74 cases of SCARs
years ScADR data from Taiwan found very high rates of SJS, DRESS  involving 528 patients found that 33.8% of cases had SJS, 16.2%
and TEN (47.3%, 23.7% and 21.4% respectively) [76]. Lin et al, TEN, and 16.2% AGEP [74]. Several other papers also found high
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rates of SJS [73, 96, 98]. Graudins, Ly, Trubiano, & Aung (2016) Penicillins were responsible for highest number of cases of SJS and
[96] in their ten-year follow-up of delayed cADRs found high rates  TEN followed by cephalosporins. Cephalosporins caused most of
of TENS (49.4%), SJS (17.6%), AGEP (12.9%), and DRESS (12.9%) SGEP, and glycopeptides caused highest number of DRESS cases
and most of which were due to ABs (>50%) [96]. Lin etal,, (2014)  (Figure 11) [74].Zhao etal.,, (2019) [68] too found high occurrence
[74] described ScADRs involving penicillins, cephalosporins, of AB associated ScADRs in an observational retrospective study
quinolones, glycopeptides, cotrimoxazole and other ABs. of 608-case in central China (Figure 12) [68].
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Figure 10: Types of Drug Induced Severe cADRs and Frequency (%)
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Figure 11: ScADRs and Antibiotics Involved (% of cases) from Lin et al., (2014)[72]
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eosinophilia and systemic symptoms (DRESS), symmetrical drug-
related intertriginous and flexural exanthema (SDRIFE), Stevens-
Johnson syndrome (S]S), toxic epidermal necrolysis (TEN), SJS-
TEN overlaps, generalized bullous fixed drug eruption (GBFDE).

Conclusion

Antibiotics are among the most widely prescribed and
used drugs globally. This group of extensively used weapons
against infection besides producing desired effects, also leads
to a substantial number of undesired effects or adverse effects.
Antibiotics may cause adverse effects involving almost every
body system. Among all the antibiotic-associated adverse drug
reactions, cutaneous drug reactions are the most prominent ones.
Healthcare providers, especially physicians who treat patients,
must be aware of the incidences, types, and recognition of various
types of cutaneous drug reactions of antibiotics. This isn’t just
important for dermatologists; it’s crucial for all areas of medicine
that use antibiotics a lot. The present review explored the
published evidence and tried to establish that antibiotics cause
a significant number of cutaneous adverse drug reactions, both
non-severe and severe. With the limited scope of this review, it
was impossible to dig into the issue more deeply. More large-scale
systematic studies could find more evidence and help the medical
community understand things better.
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