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Abstract
Hypersensitivity reactions including IgE-mediated and delayed cell-mediated reactions to aminoglycosides, clindamycin, 
linezolid, and metronidazole are rare. For aminoglycosides, allergic contact dermatitis is the most frequent reaction for 
which patch testing can be a useful step in evaluation. For clindamycin, delayed maculopapular exanthems are the most 
common reactions. There are case reports of clindamycin associated with drug rash with eosinophilia and systemic symp-
toms (DRESS), acute generalized exanthematous pustulosis (AGEP), acute febrile neutrophilic dermatosis, and symmetrical 
drug-related intertriginous and flexural exanthema (SDRIFE). For linezolid, cases of hypersensitivity were exceedingly rare 
and included urticaria, angioedema, anaphylaxis, delayed rashes, and DRESS. For metronidazole, only rare cases were found 
across a broad spectrum of reactions including allergic contact dermatitis, fixed drug eruption, angioedema, anaphylaxis, 
serum sickness-like reaction, SJS/TEN, AGEP, SDRIFE, and a possible case of DRESS. IgE-mediated reactions and ana-
phylaxis to these types of antibiotics are uncommon, and reports of skin testing concentrations and desensitization protocols 
are largely limited to case reports and series. Non-irritating skin testing concentrations have been reported for gentamycin, 
tobramycin, and clindamycin. Published desensitization protocols for intravenous and inhaled tobramycin, oral clindamycin, 
intravenous linezolid, and oral and intravenous metronidazole have also been reported and are reviewed.
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Introduction

Aminoglycosides, clindamycin, linezolid, and metroni-
dazole cause hypersensitivity reactions relatively infre-
quently when compared with beta-lactam antibiotics and 
sulfonamides. Due to the infrequent nature of these drug 
allergies, a review of the current literature on hypersensi-
tivity reactions to these antibiotics is lacking. This review 
covers the most commonly reported hypersensitivity reac-
tion types including epidemiological data and published 
evaluation/diagnostic strategies and desensitization pro-
tocols for each of these antimicrobial groups. 

Aminoglycosides

streptomycin, gentamicin, tobramycin, neomycin, 
amikacin, kanamycin, plazomicin, paromomycin

Overview

Structure:  Aminoglycosides have a hexose ring with 
amino group substituents to which various amino sugars 
are attached via glycosidic linkages [1, 2]. Aminoglycosides 
are classified into two main structural groups including the 
streptidine group consisting of streptomycin and the deox-
ystreptamine group consisting of gentamicin, tobramycin, 
neomycin, amikacin, kanamycin, plazomicin, and paromo-
mycin [1–6] (Fig. 1).

Mechanism:  Aminoglycosides are bactericidal and inhibit 
protein synthesis by binding to the 30S ribosomal subunit 
[2].
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Indications:  Aminoglycosides are particularly useful 
for infections caused by Gram-negative bacilli including 
Enterobacteriaceae, Pseudomonas species, Acinetobac-
ter species, and Haemophilus influenzae. When combined 
with other agents, aminoglycosides can have effects | 
against gram-positive organisms such as Staphylococcus 
aureus, Streptococci, and Enterococci [2]. Some amino-
glycosides, particularly streptomycin and amikacin, are  
also active against mycobacteria [1, 7]. In addition to oral 
and intravenous (IV) administration for systemic infec-
tions, many aminoglycosides come in other forms. For 
example, gentamicin and tobramycin are available in topi-
cal forms to treat ophthalmic, otic, and skin infections [7]. 
Tobramycin and amikacin are available in inhaled forms,  
such as nebulized solutions and inhalation powders or sus-
pensions to treat pulmonary infections [7].

Known Pharmacologic Adverse Reactions:  The primary 
toxicities of aminoglycosides are nephrotoxicity and oto-
toxicity [1]. Given the need for serum drug concentration 

monitoring and the availability of alternative and less toxic 
agents, the widespread use of aminoglycosides is limited [2].

Hypersensitivity Reactions

Allergic reactions to aminoglycosides occur infrequently 
but are most commonly found to cause allergic contact der-
matitis [8]. Other cutaneous reactions as well as systemic 
reactions including anaphylaxis have been published in case 
reports [8].

Allergic Contact Dermatitis Allergic contact dermatitis, a 
type IV hypersensitivity reaction, is the most frequent reac-
tion associated with this class of antimicrobials [8]. Amino-
glycosides such as neomycin, tobramycin, and gentamicin 
are widely used in the USA for their topical application as 
creams, ointments, eye, or ear drops likely contributing to 
sensitization. Overall, aminoglycosides, including neomy-
cin, tobramycin, and gentamicin, were found to be the most 
frequent topical ophthalmic medications to cause allergic 

Fig. 1  Chemical structure of 
aminoglycosides. Structural 
groups: a streptidine; b, c, and d 
deoxystreptamines
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contact dermatitis [11, 12]. The occurrence of positive patch 
test reactions to aminoglycosides increases with age [1].

Neomycin is one of the most common sensitizers among 
topical medications in general [1, 9, 10]. Neomycin-induced 
contact dermatitis occurs especially in patients with atopic 
eczema, chronic conjunctivitis or otitis, leg ulcers, and 
long-term cutaneous use of the drug [1]. The prevalence of 
neomycin hypersensitivity has increased with its increased 
accessibility. Neomycin contact dermatitis reactions are 
more prevalent in the USA ranging from 7 to 13% compared 
to Europe ranging from 1.2 to 5.4% [14]. Contact reaction 
rates for neomycin have decreased in Canada and are now 
similar to Europe, a trend likely influenced by the reduced 
availability of over-the-counter and prescription neomycin 
topical products in Canada [15].

Gentamicin in eye and ear drops is implicated in con-
tact dermatitis but less often than neomycin [11]. Corazza 
et al. describe a case of a patient previously sensitized to 
topical neomycin with widespread eczematous dermatitis 
from gentamicin cream with confirmed positive patch test-
ing to gentamicin [13]. Many of the reports of localized and 
systemic reactions to aminoglycosides occurred in patients 
with known prior exposure to some dosage form of an ami-
noglycoside, usually a topical dosage form, likely causing 
sensitization [7].

IgE‑Mediated Reactions Although there is no definitive 
evidence of IgE-mediated immediate hypersensitivity to 
aminoglycosides [1], there are a couple cases of patients 
experiencing immediate generalized rashes following admin-
istration of IV aminoglycosides [16–18]. Two reported cases 
of hypersensitivity reactions to inhaled tobramycin occurred 
in pediatric patients with cystic fibrosis who had previously 
experienced immediate generalized urticarial reactions to IV 
tobramycin or IV gentamicin [16, 17]. The rashes resolved 
when discontinuing the IV aminoglycosides but immediately 
recurred when these patients were subsequently adminis-
tered inhaled tobramycin [16, 17]. Another case involved a 
patient with cystic fibrosis developing recurrent eosinophilia 
and severe persistent bronchospasm after repeat administra-
tion of inhaled tobramycin. This patient also had similar 
symptoms when later administered IV tobramycin [18].

There have been a few reported cases of possible ana-
phylaxis to aminoglycosides. Connolly et al. describe a case 
of immediate urticaria, hypotension, and loss of conscious-
ness following IV gentamicin for surgical prophylaxis [19]. 
Christiansen el at describes a patient previously exposed 
to gentamicin in bone cement with hypotension, general-
ized erythema, and angioedema a few minutes after IV 
gentamicin also used for surgical prophylaxis [20]. Henao 
et al. report a case of urticaria, angioedema, and respira-
tory distress after multiple days of IM gentamicin for a 
superinfected third-degree burn [21]. Jung et al. describe 

a patient with a history of generalized urticaria within 1 h 
after administration of an IV aminoglycoside who experi-
enced initial ear-itching and facial erythema followed by 
generalized urticaria, dyspnea, chest discomfort, and dizzi-
ness 10 min after intradermal testing with streptomycin at a 
concentration of 1 mg/mL [22].

Other Hypersensitivity Reactions Other cutaneous manifes-
tations like urticaria and DRESS have been reported [23, 
24]. Añíbarro and Seoane describe a case of a patient who 
experienced immediate urticaria following topical nasal 
application of neomycin and who had positive skin prick 
test (SPT) to neomycin sulfate [23]. A case of DRESS weeks 
after starting amikacin was described and consisted of a 
maculopapular rash, facial edema, fever, hypereosinophilia, 
transaminitis, and coagulopathy [24].

Cross‑Reactivity Cross-reactivity among aminoglycosides is 
common due to similarities in chemical structure (Fig. 1). 
Cross-reactivity approaches 50% or more in the deox-
ystreptamine group (consisting of gentamicin, tobramycin, 
neomycin, amikacin, kanamycin, plazomicin, and paromo-
mycin) [1]. For patients found to be allergic to neomycin, 
65% had a cross-allergic reaction to tobramycin on patch 
testing [7]. Therefore, all deoxystreptamine-containing ami-
noglycosides are contraindicated if a patient has a known 
hypersensitivity to another deoxystreptamine-containing 
aminoglycoside [1, 7].

Cross-reactivity is less common to streptomycin, found to 
be 1–5% on patch testing [1]. Therefore, deoxystreptamine-
sensitive individuals are less likely to develop allergic cross-
reactions to streptomycin therapy.

Evaluation

Aminoglycoside hypersensitivity is relatively uncommon, 
and evaluation is often warranted only if there is an immi-
nent need for treatment with this class of antibiotics, a clini-
cal scenario most often encountered in patients with cystic 
fibrosis [25].

Immediate‑Type Skin Testing There are no validated skin 
tests for the diagnosis of immediate hypersensitivity to ami-
noglycosides. There are case reports of patients who experi-
enced immediate clinical hypersensitivity reactions to gen-
tamicin, tobramycin, neomycin, and streptomycin in which 
IgE-mediated allergy was confirmed by positive SPT [19–
21, 23]. If SPTs are negative, intradermal tests (IDTs) can be 
performed with nonirritating concentrations. Nonirritating 
concentrations have been established for gentamicin and 
tobramycin and are shown in Table 1 [16, 26–28]. For SPTs 
and IDTs to streptomycin, cases have used 0.1–1 mg/mL 
initially, potentially increasing if negative to concentrations 
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as high as 20 mg/mL; however, the irritant properties of 
higher concentrations have not been studied [28]. A cau-
tious approach must be taken when evaluating anaphylactic 
reactions to streptomycin since systemic reactions have been 
observed after SPTs [1, 22]. Larger studies are needed to 
better determine the optimal concentration for skin testing 
of aminoglycosides and the negative and positive predictive 
value of these tests.

Patch Testing Patch testing involves application of non-
irritating drug concentrations within a soluble vehicle such 
as petrolatum or water to the skin for 48 h to detect delayed 
hypersensitivity reactions. Patch testing can be useful in 
patients with contact dermatitis reactions. Neomycin is one 
of the most common contact allergens and is included in 
commercial patch test panels [28]. The concentration often 
used is 20% in petrolatum for neomycin, gentamicin, and 
tobramycin, and 1% in petrolatum for streptomycin [1]. In 
patients with suspected allergic contact dermatitis, patch test 
panels revealed neomycin as the offending agent in 2.5 to 
3.6% of patients [1]. However, neomycin contact allergy has 
been reported with an even higher prevalence in some case 
series [29].

Management/Desensitization

Due to the infrequent nature of aminoglycoside hypersen-
sitivity and availability of alternative agents in most cases, 
desensitization procedures are not generally performed. Case 
reports have demonstrated success when utilized for patients 
with cystic fibrosis with IgE-mediated hypersensitivity to 
tobramycin requiring IV or inhaled tobramycin for severe 
infections without suitable alternatives.

Protocols for IV tobramycin desensitization have been 
reported. Earl and Sullivan described tobramycin desen-
sitization in a pediatric patient receiving treatment for a 
lung abscess who experienced generalized urticaria to both 
IV and inhaled tobramycin (Table 2) [16]. Eight patients 
within the Adult Cystic Fibrosis Unit at St. James’s Hospi-
tal in Leeds, UK, underwent a 7-step rapid IV tobramycin 
desensitization protocol with tenfold increases in concentra-
tion, each step over 20 min, until the therapeutic dose was 

achieved. This was successful in 7 patients, although the 
8th patient felt unwell and developed fever during desensi-
tization and was unable to complete the full desensitization 
protocol [30].

An inhaled tobramycin desensitization protocol has also 
been performed successfully in a pediatric patient with 
cystic fibrosis pulmonary exacerbation [17] (Table 3).

Clindamycin

Overview

Structure:  Clindamycin is a derivative of lincomycin with 
a 7(S)-chloro-substitution of the 7(R)-hydroxyl group [31] 
(Fig. 2).

Mechanism:  Clindamycin is bacteriostatic and inhibits 
bacterial protein synthesis by binding to the 50S ribosomal 
subunit [31].

Indications:  Clindamycin is used in the treatment of res-
piratory, bone and soft tissue, neck, facial, abdominal, and 
pelvic infections caused by Gram-positive bacteria, includ-
ing strains of MRSA, most anaerobic bacteria, and certain 
protozoa [1, 31].

Table 1  Reported concentrations utilized for antibiotic skin testing. 
Concentrations have been established as nonirritating for gentamicin, 
tobramycin, and clindamycin

Full-strength  
concentrations  
commercially available in 
the USA

Nonirritating 
concentration

Gentamicin [26–28] 40 mg/ml 4 mg/ml (1:10)
Tobramycin [16, 28] 40 mg/ml 4 mg/ml (1:10)
Clindamycin [27] 150 mg/ml 15 mg/ml (1:10)

Table 2  Intravenous tobramycin desensitization protocol for immedi-
ate hypersensitivity [16]

Each dose was in 20 mL of normal saline and infused over 20 min. 
Ten minutes after each infusion was completed, the subsequent dose 
was given, for a total of 8 h

Step Dose (mg) Cumulative 
dose (mg)

1 0.001 0.001
2 0.002 0.003
3 0.004 0.007
4 0.008 0.015
5 0.016 0.031
6 0.032 0.063
7 0.064 0.127
8 0.128 0.255
9 0.256 0.511
10 0.512 1.023
11 1 2.023
12 2 4.023
13 4 8.023
14 8 16.023
15 16 32.023
16 32 64.023
17 16 80.023
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Known Pharmacologic Adverse Reactions:  The most 
common adverse effect associated with clindamycin is diar-
rhea. Clindamycin is frequently implicated in antibiotic-
associated diarrhea due to Clostridium difficile colitis which 
can cause pseudomembranous colitis. Due to these increased 
risks, the use of clindamycin is often restricted to patients 
with severe infections or to patients with beta-lactam hyper-
sensitivity. Some other adverse effects include metallic taste 
in the mouth, transient elevations in liver transaminases, 
granulocytopenia, and thrombocytopenia [1, 31].

Hypersensitivity Reactions

Delayed Maculopapular Exanthem The most common type 
of hypersensitivity reaction to clindamycin is a delayed mac-
ulopapular rash usually 7–10 days after initiation of the drug 
[1, 32]. Various case reports describe maculopapular skin 
eruptions with clindamycin [33–36]. Studies in the 1970s 
reported an incidence of rashes with clindamycin in approxi-
mately 10% of patients [37]. A more recent and much larger 
study of 3896 clindamycin administrations from a single US 
hospital reported a likely more realistic incidence of 0.47% 
with most of the rashes as delayed cutaneous reactions [38].

IgE‑Mediated Reactions Type I IgE-mediated hypersensitiv-
ity and anaphylactic reactions to clindamycin are rare with 
just a few cases described in the literature [39–41]. Bulloch  
et al. describe a patient with hypotension, confusion, dysp-
nea, and copious oral secretions 3 min after a dose of IV 
Clindamycin for a periodontal abscess [39]. Ebo et al. report 
a case of perioperative clindamycin anaphylaxis with local-
ized hives along the infusion site, hypotension, hypoxia, 
and vomiting within 5 min after antibiotic administration 
[40]. Chiou et al. describe a case of clindamycin anaphylaxis 
during general anesthesia with sudden bronchospasm and 
hypotension which progressed to pulseless electrical activity 
necessitating cardiopulmonary resuscitation [41].

Other Hypersensitivity Reactions Other immunologic drug 
reactions that have been reported include fixed drug erup-
tions [42]. Other rare hypersensitivity reactions to clinda-
mycin include DRESS/DiHS [43–45], SDRIFE [46], AGEP 
[47–53], and acute febrile neutrophilic dermatosis or Sweet 
Syndrome [54–56].

DRESS is a rare delayed hypersensitivity reaction often 
occurring 2–8 weeks from drug exposure and characterized 
by skin eruption, fever, eosinophilia, lymphadenopathy, and 
internal organ (i.e., liver, kidney, lung) involvement [43–45]. 
DRESS is most commonly caused by aromatic anticonvul-
sants (i.e., phenobarbital, carbamazepine, phenytoin), lamo-
trigine, and sulfonamides, but a few case reports diagnosed 
DRESS in the setting of clindamycin [43–45].

Table 3  Inhaled tobramycin desensitization protocol for immediate 
hypersensitivity [17]

Each dose was in 5  mL of normal saline and given via nebulizer 
every 2 h

Step Dose (mg)

1 0.3
2 0.6
3 0.9
4 1.2
5 1.5
6 3
7 6
8 12
9 24
10 48
11 96
12 150
13 200
14 250
15 300

Fig. 2  Chemical structure of clindamycin [31]
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AGEP is an uncommon cutaneous hypersensitivity reac-
tion with diffuse, pinpoint, sterile, non-follicular pustules 
overlying erythematous skin with systemic manifestations 
including leukocytosis with neutrophilia, fever, transami-
nitis, and renal insufficiency [47]. AGEP is usually drug-
induced and often related to antibiotics such as beta-lactams 
or macrolides. Historically, AGEP has rarely been associated 
with clindamycin. There have been increasing numbers of 
case reports of AGEP with clindamycin in the recent litera-
ture [47–53].

Acute febrile neutrophilic dermatosis or Sweet syndrome 
characterized by fever, leukocytosis with neutrophilia, and 
tender erythematous skin lesions with histologically dense 
dermal neutrophilic infiltration. This rare disorder is often 
idiopathic but can be associated with autoimmune and 
inflammatory disorders, malignancy-associated, or drug-
induced. The most commonly associated drug is granulo-
cyte-colony stimulating factor (GCSF) which stimulates the 
production of neutrophils, but case studies on a wide variety 
of drugs have been described including a few associated with 
clindamycin [54–56].

Cross Reactivity There are no data on potential cross- 
reactivity of clindamycin with other antibiotics.

Evaluation

Immediate‑Type Skin Testing Nonirritating concentrations 
have been established and are shown in Table 1 [26]. How-
ever, there are limited data regarding the diagnostic value 
of SPT and IDT in evaluating clindamycin hypersensitivity. 
Studies have shown that clindamycin skin testing is not use-
ful in evaluating delayed maculopapular rashes, as would be 
expected with a non-IgE-mediated, T cell-mediated delayed 
hypersensitivity reaction [57, 58]. Among 13 patients with 
delayed reactions, none of the patients had a positive SPT 
although 3 of the patients had a positive oral challenge [58]. 
Among 14 patients with histories suggestive of immediate 
reactions, none of the patients had a positive SPT although 6 
of the patients had a positive oral challenge with immediate 
reactions [58]. Two of the 31 patients had delayed reactions 
of erythema, edema, and pruritus that occurred after 72 from 
the clindamycin intradermal skin testing [58].

Patch Testing Patch testing can be helpful for delayed cuta-
neous reactions that involve T cell-mediated hypersensitiv-
ity, particularly in patients with several potential culprit 
drugs. Patch testing with clindamycin, however, has yielded 
mixed results with sensitivity ranging between 15 and 30% 
[59, 60] but can be a non-invasive first step in evaluating 
possible delayed hypersensitivity reactions to clindamycin 
[59, 60]. Case studies have used clindamycin concentrations 

of 10 and 30% in petrolatum for patch testing [59, 60]. Given 
the high likelihood of false negative results on patch test-
ing, careful monitoring is required when reintroducing the 
antibiotic since patch testing might not be enough to confirm 
absence of delayed reactions [1].

Lymphocyte Transformation Test Cases of delayed allergic 
reaction to clindamycin have been confirmed with positive 
in-vitro lymphocyte transformation tests (LTTs) [43, 61]. 
LTT is sometimes used clinically in other countries but 
mostly used as a research tool in the USA.

Management/Desensitization

Most cases of clindamycin delayed maculopapular exanthems 
do not require treatment and spontaneously resolve with ces-
sation of the drug [1].

As immediate reactions to clindamycin are exceedingly 
rare, desensitization is rarely necessary. Desensitization could 
be utilized for patients who are determined to have immediate 
hypersensitivity to clindamycin either due to convincing his-
tory or positive testing. A rapid oral clindamycin desensitiza-
tion has been successfully performed for a pediatric patient 
using a 9-step approach over 4.5 h until a cumulative dose of 
300 mg of clindamycin was given [62] (Table 4).

Linezolid

Overview

Structure:  Linezolid is an oxazolidinone, a heterocyclic 
molecule with a nitrogen and oxygen in a 5-membered ring 
bridged with a carbonyl group [63] (Fig. 3).

Mechanism:  Linezolid inhibits protein synthesis by bind-
ing to the 50S ribosomal subunit and preventing the forma-
tion of the 70S initiation complex. Linezolid is bactericidal 
against Streptococci and bacteriostatic against Staphylococci 
and Enterococci [63].

Indications:  Linzolid is indicated for Gram-positive infec-
tions, especially clinically important for resistant microor-
ganisms such as methicillin-resistant Staphylococcus aureus 
(MRSA) and vancomycin-resistant Enterococcus (VRE). 
Linezolid is used for bacterial pneumonia, bacteremia, bone/
joint infections, and complicated/uncomplicated skin/soft 
tissue infections [63].

Known Pharmacologic Adverse Reactions:  The most 
common adverse effects include diarrhea, headache, and 

Clinical Reviews in Allergy & Immunology (2022) 62:463–475468



1 3

nausea. Anemia, leukopenia, pancytopenia, and throm-
bocytopenia may occur in patients who are at risk for 
myelosuppression and who receive regimens > 2 weeks. 
Pseudomembranous colitis and neuropathy have also been 
reported. Serotonin syndrome can occur, and concurrent 
use is contraindicated with many anti-depressants [63].

Hypersensitivity Reactions

Hypersensitivity reactions rarely occur with linezolid.

IgE‑Mediated Reactions Immediate hypersensitivity 
reactions to linezolid have been reported with symptoms 
including urticaria, skin flushing, and angioedema [64–66]. 
In one study, rash and pruritus were reported in 1.7% of the 
828 patients who received linezolid as well as two cases of 
anaphylactoid-type reactions (one with bullous arm lesions 
and one with throat swelling) [64]. Bishop et al. reported 
that 1 of 44 patients experienced a severe skin rash from 
linezolid therapy that required drug discontinuation [65]. 
Yang and Xu report a case of a patient with angioedema 
and urticaria 12 h after initiation of linezolid for an Ente-
rococcus faecium infection [66].

Other Hypersensitivity Reactions There was a case of a 
patient with diffuse confluent non-blanching petechiae and 
purpura 9 days after starting linezolid with a punch biopsy 
showing a perivascular inflammatory infiltrate without noted 
changes of leukocytoclastic vasculitis [67]. There have also 
been case reports of linezolid-associated reactions such as 
interstitial nephritis and DRESS [68].

Cross Reactivity There are no data on potential cross- 
reactivity of linezolid with other antibiotics.

Evaluation

There are currently no standardized skin testing reagents or 
in vitro assays for assessment of linezolid-specific hypersen-
sitivity. There are no reports of skin testing for evaluation of 
immediate reactions to linezolid.

Table 4  Oral clindamycin desensitization protocol for immediate 
hypersensitivity [62]

Intervals between doses were 30 min, for a total of 4.5 h

Step Dose (mg) Concentration (mg/mL) Volume (mL)

1 0.005 0.02 0.25
2 0.05 0.02 2.5
3 0.5 0.2 2.5
4 5 2.0 2.5
5 10 20 0.5
6 20 20 1
7 40 20 2
8 80 20 4
9 150 Oral capsule N/A

Fig. 3  Chemical structure of linezolid [63]

Clinical Reviews in Allergy & Immunology (2022) 62:463–475 469



 

1 3

Management/Desensitization

There are a few cases of linezolid desensitization described in 
the literature. The protocol by Bagwell et al. is highlighted in 
Table 5 [69]. Guvenir et al. used a similar protocol as Bagwell 
et al. with the same 3 diluted solutions of linezolid but over 
a total of 13 steps (2 doses from the 0.02 mg/mL solution, 
4 doses from the 0.2 mg/mL solution, and 7 doses from the 
2 mg/mL) until the goal dose of 10 mg/kg was reached [70]. 
Cawley and Lipka treated a patient with multidrug-resistant 
Enterococcus faecium bacteremia by oral desensitization using 
an IV form of the drug. Due to lack of IV access and because 
of limited availability of the oral suspension from the manu-
facturer, a desensitization protocol was implemented in which 
the IV formulation of linezolid was given orally. The patient 
was successfully desensitized using an escalating, 14-dose 
procedure [71]. In all of these cases, the patients were able to 
successfully take linezolid without any reaction.

Metronidazole

Overview

Structure:  Metronidazole is a nitroimidazole with struc-
tural similarities to tinidazole, clotrimazole, ketoconazole, 
miconazole, and albendazole [72] (Fig. 4).

Mechanism:  Metronidazole is bactericidal. Metronidazole 
diffuses across cell membranes and is partially reduced by 
anaerobic bacteria and protozoa generating toxic free radi-
cals and disrupting nucleic acid synthesis [72].

Indications:  Metronidazole is one of the main drugs for 
the treatment of anaerobic infections and is also used for 
protozoal infections. It is used for gastrointestinal infections, 
Clostridium difficile, Helicobacter pylori, bacterial vagino-
sis, Trichomoniasis vaginalis, giardiasis, and amebiasis [72].

Known Pharmacologic Adverse Reactions:  Some 
adverse effects of metronidazole include gastrointestinal 
symptoms, metallic taste, dark urine, dizziness, headaches, 
disulfiram-like reaction with alcohol, and hematological 
alterations [72].

Hypersensitivity Reactions

Hypersensitivity reactions to metronidazole are rare with 
only a small number of case reports in the literature. How-
ever, a variety of different reaction types, both immediate 
and delayed, have been reported [8].

IgE‑Mediated Reactions Backus et al. report a patient expe-
riencing severe itching and lip swelling during a second 
course of oral metronidazole for Trichomonas vaginalis 
infection [73]. Asensio et al. describe a patient with sneez-
ing, rhinorrhea, perioral paresthesia, and upper airway 
angioedema followed by generalized pruritic erythematous 
lesions 30 min after spiramycin and metronidazole for gingi-
vostomatitis [74]. The clinical history of positive skin prick 
test to metronidazole suggested anaphylaxis due to metro-
nidazole [74].

Other Hypersensitivity Reactions Other case reports include 
allergic contact dermatitis [75], fixed drug eruption [76–79], 
serum sickness-like reaction [80], SJS/TEN [81, 82], AGEP 
[83, 84], SDRIFE [85], and a possible case of DRESS given 
fever and rash but no lab studies were done to assess internal 
organ involvement [86].

Since metronidazole is available in various forms, sensi-
tization may have occurred after topical application in some 
of the cases. For example, cases are described for patients 
using topical metronidazole gel for acne rosacea and expe-
riencing allergic contact facial dermatitis [75].

Cross Reactivity A potential for cross-reactivity exists 
between metronidazole and other imidazoles, such as tini-
dazole, clotrimazole, ketoconazole, miconazole, and alben-
dazole [8, 87] given structural similarities [8]. For example, 
patch testing has demonstrated cross-reactivity between met-
ronidazole and tinidazole [87].

Table 5  Intravenous linezolid desensitization protocol for immediate 
hypersensitivity [69]

Each dose was infused over 5 min except for the final 2 doses, which 
were infused over 15 min. Intervals between doses were 10 min

Step Dose (mg) Concentration (mg/
mL)

Volume (mL)

1 0.03 0.02 1.5
2 0.07 0.02 3.5
3 0.15 0.2 0.75
4 0.3 0.2 1.5
5 0.6 0.2 3
6 1.2 0.2 6
7 2.3 2 1.2
8 4.7 2 2.3
9 9.4 2 4.7
10 18.75 2 9.4
11 37.5 2 18.8
12 75 2 37.5
13 150 2 75
14 300 2 150
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Evaluation

A small number of the case studies described positive skin 
testing to metronidazole correlating with patient history 
including positive SPT using 125 mg/mL [79] and patch 
testing varying from concentrations of 0.5 to 50% in petro-
latum [75, 77, 79, 82, 84]. SPT was positive in one case of 
anaphylaxis [74] although other larger studies suggest that 
the sensitivity is low [79]. Given the low sensitivity of SPT, 
oral provocation is considered more useful for establishing 
the diagnosis in many cases of hypersensitivity reactions to 
metronidazole [79].

Management/Desensitization

In patients at risk of hypersensitivity reactions to metroni-
dazole without alternative treatment options, as may be the 
case for Trichomonas vaginalis, desensitization has been 
performed [8]. As there are no equally effective alternatives 
that have been systematically evaluated for the treatment of 
Trichomonas vaginalis, the CDC states that patients with 
an IgE-mediated reaction to a nitroimidazole may need to 
undergo metronidazole desensitization using published pro-
tocols [88]. Refer to Table 6 for the first published protocol 
by Kurohara et al. for oral metronidazole desensitization 
[89]. Table 7 shows a modified protocol for a more gradual 
dose escalation for cases with greater concern for severe 
systemic reactions [90]. Pearlman et al. devised an IV met-
ronidazole desensitization protocol described in Table 8 

[91]. In a case series of metronidazole desensitization 
among 15 patients, 8 use the oral protocol by Kurohara et al. 
and 7 use the IV protocol by Pearlman et al., and 1 patient 
in each group experienced a pruritic rash when reaching the 
goal dose. All 15 patients were cleared, and these studies 
help demonstrate efficacy of both oral and IV desensitiza-
tion protocols for metronidazole.

Discussion

Aminoglycosides, clindamycin, linezolid, and metronidazole 
rarely cause drug hypersensitivity reactions, and there are 
only a few individual case reports of IgE-mediated systemic 
reactions to these antibiotics. Evaluation and management of 
possible hypersensitivity to these antibiotics is not recom-
mended routinely but rather in situations when treatment 

Fig. 4  Chemical structure of metronidazole [72]

Table 6  Oral metronidazole desensitization protocol for immediate 
hypersensitivity [89]

Time intervals not noted between doses

Step Dose (mg) Concentration (mg/
mL)

Volume (mL)

1 0.0025 0.025 0.1
2 0.025 0.025 1
3 0.25 0.25 1
4 2.5 2.5 1
5 25 2.5 10
6 250 Oral tablet N/A
7 500 Oral tablet N/A
8 1000 Oral tablet N/A

Table 7  Modified oral metronidazole desensitization protocol for 
immediate hypersensitivity [90]

Intervals between doses were 30 min

Step Dose (mg) Concentration (mg/
mL)

Volume (mL)

1 0.0025 0.025 0.1
2 0.025 0.025 1
3 0.25 0.25 1
4 2.5 2.5 1
5 5 2.5 2
6 10 2.5 4
7 25 2.5 10
8 50 25 2
9 100 25 4
10 250 Oral tablet N/A
11 500 Oral tablet N/A
12 1000 Oral tablet N/A
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with the drug is required and alternate agents cannot be sub-
stituted [26]. Refer to Table 9 for general considerations for 
antibiotic alternatives [92].

Immediate Reaction Evaluation/Management

There are no validated diagnostic tests for evaluation of IgE-
mediated hypersensitivity to these antibiotics. Skin testing 
with nonirritating concentrations of the drug may provide 
useful information. However, the skin testing for the drugs 
discussed in this review are not standardized or validated 
and the positive and negative predictive values are largely 
unknown. There is also no validated serum IgE testing for 
these antibiotics. Additionally, tryptase levels in the acute 
phase of anaphylactic reactions have not been studied for 
these specific antibiotics. Oral challenge in a controlled and 
monitored environment may be useful for provoking and 
diagnosing hypersensitivity reactions to these antibiotics. 
However, it is contraindicated to re-administer drugs that 
caused SCARs such as SJS/TEN and DRESS/DiHS [26]. For 
patients with IgE-mediated hypersensitivity to these antibi-
otics for whom there are no alternative treatments, there are 
published desensitization protocols that can be utilized to 
promote a state of temporary tolerance.

Delayed Reaction Evaluation/Management

Patch testing can be useful to evaluate delayed cutane-
ous reactions, and patch testing concentrations have been 

Table 9  Considerations for antibiotic alternatives [92]

MRSA methicillin-resistant staphylococcus aureus, CoNS coagulase-negative staphylococcus aureus
General considerations for alternative antibiotics with similar coverage; however, alternatives largely depend on specific infection, susceptibili-
ties, and possible toxicities. Infectious disease recommendations are useful for individual cases

Antibiotic Possible alternatives

Aminoglycosides • Pseudomonas aeruginosa: cefepime, ceftazidime, ciprofloxacin, piperacillin/tazobactam, meropenem/imipenem
• Acinetobacter: TMP/SMX, ceftriaxone/cefotaxime (in addition to above)
• Enterobacter, Citrobacter, or Serratia: cefuroxime (in addition to above)
• Klebsiella: cefazolin/cephalexin (in addition to above)
• Escherichia coli or Haemophilus influenzae: ampicillin, amoxicillin/clavulanate (in addition to above)

Clindamycin • MRSA or CoNS: vancomycin, linezolid, daptomycin, ceftaroline
• MSSA: cefazolin/cephalexin, oxacillin (in addition to above)
• Streptococcus pneumoniae or pyogenes: penicillin, ampicillin, amoxicillin/clavulanate (in addition to above)
• Anaerobic streptococci: penicillin, ampicillin, amoxicillin/clavulanate, cefazolin, cefoxitin, ceftriaxone/

cefotaxime, meropenem/imipenem, piperacillin/tazobactam, metronidazole, vancomycin
• Bacteroides fragilis: penicillin, ampicillin, amoxicillin/clavulanate, cefoxitin, meropenem/imipenem, 

piperacillin/tazobactam, metronidazole
• Clostridia tetani or perfringens: penicillin, ampicillin, amoxicillin/clavulanate, cefoxitin, ceftriaxone/

cefotaxime, meropenem/imipenem, piperacillin/tazobactam, metronidazole, vancomycin
Linezolid • MRSA or CoNS: vancomycin, clindamycin, daptomycin, ceftaroline

• MSSA: cefazolin/cephalexin, oxacillin (in addition to above)
• Streptococcus pneumoniae or pyogenes: penicillin, ampicillin, amoxicillin/clavulanate (in addition to above)
• Enterococcus faecalis or faecium: penicillin, ampicillin, amoxicillin/clavulanate, vancomycin, daptomycin

Metronidazole • Clostridium difficile: vancomycin, meropenem/imipenem
• Clostridia tetani or perfringens: penicillin, ampicillin, amoxicillin/clavulanate, cefoxitin, ceftriaxone/

cefotaxime, meropenem/imipenem, piperacillin/tazobactam, clindamycin, vancomycin
• Bacteroides fragilis: penicillin, ampicillin, amoxicillin/clavulanate, cefoxitin, meropenem/imipenem, 

piperacillin/tazobactam, clindamycin
• Anaerobic streptococci: penicillin, ampicillin, amoxicillin/clavulanate, cefazolin, cefoxitin, ceftriaxone/

cefotaxime, meropenem/imipenem, piperacillin/tazobactam, clindamycin, vancomycin

Table 8  Intravenous metronidazole desensitization protocol for 
immediate hypersensitivity [91]

Intervals between intravenous doses were 15–20  min, and intervals 
between the final oral doses were 1 h

Step Dose (mg) Concentration (mg/
mL)

Volume (mL)

1 0.005 0.005 1
2 0.015 0.005 3
3 0.05 0.05 1
4 0.15 0.05 3
5 0.5 0.5 1
6 1.5 0.5 3
7 5 5 1
8 15 5 3
9 30 5 6
10 60 5 12
11 125 5 25
12 250 Oral tablet N/A
13 500 Oral tablet N/A
14 2000 Oral tablet N/A
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reported for aminoglycosides, clindamycin, and metro-
nidazole. Patch testing is particularly relevant for topical 
aminoglycosides, especially neomycin, for which allergic 
contact dermatitis is the most common hypersensitivity 
reaction reported. Desensitization protocols, as with most 
other medications, have not been reported as a management 
strategy for delayed cutaneous reactions.

Summary and Conclusions

In summary, aminoglycosides, clindamycin, linezolid, 
and metronidazole infrequently cause hypersensitivity 
reactions. Allergic contact dermatitis is the most frequent 
reaction associated with aminoglycosides, particularly top-
ical neomycin for which patch testing can be useful and is 
validated. Clindamycin is most commonly associated with 
delayed maculopapular exanthems for which patch testing 
may be helpful but is not validated. IgE-mediated reactions 
and anaphylaxis to these antibiotics are uncommon with 
only a few reported cases and no validated immediate-type 
skin tests. There are rare case reports of DRESS/DiHS 
with aminoglycosides, clindamycin, linezolid, and metro-
nidazole; AGEP with clindamycin and metronidazole; and 
acute febrile neutrophilic dermatosis with clindamycin. 
In situations when there are no suitable alternatives for 
an antibiotic that caused an immediate hypersensitivity 
reaction, desensitization protocols have been published 
for intravenous and inhaled tobramycin, oral clindamycin, 
intravenous linezolid, and oral and intravenous metroni-
dazole that could be utilized to allow safe reintroduction 
of the antibiotic.
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