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Abstract

Purpose of review Quinolones are the second most common antibiotic class that may
induce IgE and non-IgE-mediated immediate hypersensitivity reactions. The prevalence of
true quinolone allergy still remains unknown, but its incidence has increased in recent
years, probably due to the extensive utilization of this antibiotic class and the introduc-
tion of moxifloxacin.
Recent findings Quinolones may also induce nonallergic reactions through the MRGPRX2
receptor. The diagnosis of hypersensitivity reactions to quinolones is complex, since clinical
history is often doubtful, skin tests can induce false-positive results, and in vitro tests are
not well validated. Therefore, in many cases, the only way to confirm or rule out the
diagnosis is drug provocation test, a procedure that carries some risks. Quinolones present
a variable degree of cross-reactivity that is undetermined and difficult to predict, and
desensitization may be required in patients with no other antibiotic options.
Summary This review critically analyzed the existing data on quinolone allergy, highlight-
ing the recent advances in its diagnosis and management. Further studies are needed to
increase the knowledge in the field and to improve patients’ care.

http://crossmark.crossref.org/dialog/?doi=10.1007/s40521-020-00260-0&domain=pdf
http://orcid.org/0000-0001-9882-5200


Introduction

Quinolones are synthetic antibiotics that inhibit DNA
gyrase in Gram-negative bacteria and topoisomerase IV
in Gram-positive bacteria, inducing DNA cleavage and
rapid killing of susceptible bacteria [1•]. Due to their
broad-spectrum activity, excellent tissue and intracellu-
lar penetration, high bioavailability, and, generally,
good oral-tolerability, the use of quinolones as first-
line therapy increased in recent years [1•].

Fluoroquinolones are the most widely used mem-
bers of this group of antibiotics, being ciprofloxacin,
moxifloxacin, and levofloxacin the most frequent used
worldwide [1•]. However, adverse effects have been

observed, including hypersensitivity reactions (HR)
[2•]. As a result, the European Medicines Agency pub-
lished a statement “Disabling and potentially side effects
lead to suspension or restrictions of quinolone and
fluoroquinolones antibiotics” in November 2018 [3].
An increase of HR to quinolones in the last decades is
reported, some reactions being severe, including ana-
phylaxis [2•].

In this review, we emphasize the immediate hyper-
sensitivity reactions (IHR) to quinolones, including
anaphylaxis.

Classification and chemical structure of quinolones

Quinolones are classified into four generations based on their chemical struc-
ture, antibacterial activity, and pharmacokinetic properties [1•]. Their basic
structure consists of a bicyclic skeleton with the carboxylic acid and ketone
groups at the third and fourth positions, respectively (Fig. 1). Nalidixic acid was
the first quinolone antibiotic that was developed in 1960s [2•]. The fluorina-
tion of the original molecule yielded the fluoroquinolones, with chemical

Generation Examples

First Cinoxacin; Nalidixic acid

Second Norfloxacin; Lomefloxacin; 

Ciprofloxacin; Pefloxacin; Enoxacin; 

Ofloxacin; Rufloxacin

Third Levofloxacin; Gatifloxacin; Sparfloxacin; 

Tosufloxacin

Fourth Moxifloxacin; Trovafloxacin; 

Gemifloxacim

a

b

Fig. 1. a Basic chemical structure of quinolones. b Classification of quinolones by antibacterial spectra [2•]
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modifications at positions N-1, C-7, and C-8 [1•]. Fluoroquinolone medicines
consist of ciprofloxacin, levofloxacin, lomefloxacin, moxifloxacin, norfloxacin,
ofloxacin, pefloxacin, prulifloxacin, and rufloxacin [3]. Although most quino-
lones, with the exception of moxifloxacin, are not subject to extensive hepatic
metabolism, a small proportion of themmay be converted to reactive interme-
diates in the liver, which may interact with proteins and generate covalent
hapten-protein conjugates, triggering specific immune reactions [4•].

Epidemiology and risk factors

The prevalence of quinolone allergy in the general population is unknown. A
recent retrospective study reported quinolone allergy in about 2% of hospital-
ized patients, and the most commonly documented reactions were hives and
rash [5]. Quinolones are now the most frequently non-beta-lactam antibiotics
involved in drug hypersensitivity and the third leading cause of confirmed HR
to drugs [2•].

MostHR to quinolones are immediate (IHR), which are severe in 70%of the
cases. In the last decades, there has been an increase in the total numbers of
anaphylaxis to quinolones, with an estimated incidence of 1.8–2.3 per
10,000,000 days of treatment, corresponding to 4.5% of the drug-induced
anaphylaxis [2•]. This is most likely associated with the expanded use of
quinolones and/or the introduction of moxifloxacin, which appears to bemore
reactive than other quinolones [4, 6].

The risk of anaphylaxis may be different among quinolones, and studies
showed that moxifloxacin is the culprit of 52. 1-63% of all quinolone-anaphy-
laxis, followed by levofloxacin, 13-35.7%, and ciprofloxacin, 7.1–28.9% [7•];
however, a cohort study performed in the USA using a large claim database
found no difference in the incidence of anaphylaxis across quinolones [8].
Moreover, moxifloxacin has induced more severe reactions, with 75% of them
being anaphylaxis or anaphylactic shock [2•].

Previous history of beta-lactam allergy was shown to be a strong risk factor
to develop quinolone allergy [4•]. Another study showed that 21% of patients
with history of IgE-mediated allergy to penicillin also reported allergic reactions
to non-beta-lactams comparedwith only 1%of individuals with no drug allergy
history [9]. Additionally, a higher incidence of intravenous contrast reaction
was observed in patients with quinolone allergy (6%) compared with those
with penicillin allergy (2%) [10]. Moxifloxacin has been shown to increase the
odds of suffering an IHR by fourfold compared with those of other quinolones
(odd ratio [OR] 4.20; 95% confidence interval [CI] 3. 19-5.55) [11].

Giavina-Bianchi et al. concluded that the excess of mast cells and their
MRGPRX2 receptors in patients with mastocytosis may induce anaphylaxis on
activation by quinolones. Based on the current knowledge and on this case
report, it is advisable to be cautious when prescribing quinolones for patients
with mastocytosis until further studies address this issue [12••].

Pathogenesis and natural history

There is evidence for both immunoglobulin E (IgE) and non-IgE mecha-
nisms involved in IHR to fluoroquinolones. IgE-mediated activation of
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mast cells via Fcε receptor-1 is the hallmark of classical Gell and Coombs
type I hypersensitivity reaction. IHR to drugs and other agents that are
non-IgE-mediated have been referred as pseudoallergic and/or anaphylac-
toid reactions. There is plenty evidence, from in vitro studies and rodent
models, that some non-IgE-mediated anaphylactic reactions result from
stimulation of mast cell MRGPR receptors. This class of G protein-coupled
receptors consists of about 40 members classified into 9 separate families,
A–H and X. MRGPRX1 and MRGPRX2 are expressed in primates, on
neurons and mast cells, respectively. MRGPRX2 appears to play a role in
human non-IgE-mediated acute drug HR [13].

Non-specificmast cell degranulationmay be induced by interactionwith the
surface receptor MRGPRX2. Cationic substances acting as basic secretagogues
activate mouse mast cells, in vitro and in vivo, through a single receptor, the
Mrgprb2, which is ortholog of the human MAS-related G protein–coupled
receptor-X2 (MRGPRX2). Several basic exogenous substances have been in-
volved in MRGPRX2-mediated mast cell activation according to in vitro studies
(Fig. 2). Neuromuscular blocking agents and all fluoroquinolones have a
tetrahydroisoquinoline motif, which can bind and activate this receptor. The
secretagogue compound 48/80, vespid mastoparan, opioids, and icatibant are
other examples of agonists of MRGPRX2 [12••]. Non-IgE-mediated reactions
through the MRGPRX2 receptor may occur during the first drug exposure since
prior sensitization is not necessary [14••].

The fluoroquinolones increase intracellular Ca2+ mobilization in
MRGPRX2/HEK293 cells, and enhanced β-hexosaminidase and histamine
secretion in LAD2 cells (LAD2 cells that closely resemble primary human
mast cells) [15]. The increased Ca2+ concentration in the cytoplasm may
activate STIM1, which is the endoplasmic reticulum (ER) Ca2+ sensor, and

Fig. 2. Mechanisms of mast cell activation. Reprinted from The Journal of Allergy and Clinical Immunology: In Practice, Vol 7/Issue
6, Pedro Giavina-Bianchi, Danilo Gois Gonçalves, Andressa Zanandréa, Raísa Borges de Castro, Laila Sabino Garro, Jorge Kalil,
Mariana Castells, Anaphylaxis to quinolones in mastocytosis: Hypothesis on the mechanism, 2089–2090, Copyright (2019), with
permission from Elsevier
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STIM1 could act on Orai1, which is the Ca2+ channel protein in the
plasma membrane [16]. One of the mechanisms of fluoroquinolones-
derived mast cells activation via MRGPRX2 and increasing intracellular
Ca2+ concentration may be accomplished by activating STIM1 and Orai1
[14]. Protonation nitrogen atom may be the crucial structure for
fluoroquinolones triggered anaphylactoid reaction via MRGPRX2. Mean-
while, the substituent of the nitrogen atom can affect the electrical prop-
erties of the whole compound [14].

Regarding IgE-mediated IHR, there is some evidence that fluoroquinolone-
specific IgE declines over time, implying that some patients could lose their
allergy if not re-exposed to the drug for a period of time [17••]. Based on a small
number of studies of patient with IHR to fluoroquinolones who underwent
graded challenge with the culprit drug, most patients tolerated the drug upon
re-exposure. Unfortunately, the time elapsed between the reaction and chal-
lenge was not specified [18, 19].

Manifestations of quinolone allergy

Characteristic IHR to quinolones, induced by IgE-mediated and non-IgE-
mediated mast cell degranulation, include urticaria with or without angioede-
ma (31.6–85%), anaphylaxis (32.8–42.1%), and shock (13–26.3%) [2•].
Among the quinolones, moxifloxacin has been reported to have the highest
incidence of IHR. Urticaria wasmore frequently observed, at a rate of 31.6–85%
for patients on moxifloxacin, than anaphylaxis, which was reported at a rate of
13–42% [20]. Another study confirmed that urticaria is the most common
clinical manifestation of IHR to quinolones [16]. However, even type I Kounis
syndrome has been described, which is characterized by histamine-induced
coronary artery spasm as a consequence of extensive vasodilation and low
cardiac output [21].

Giavina-Bianchi and colleagues recently reported a case of a woman
with recurrent severe anaphylaxis over a 7-year period. The first three
reactions were due to stinging insects, while the other two were induced
by ciprofloxacin. The authors observed flushing, laryngeal edema, and
syncope in the episodes of anaphylaxis to ciprofloxacin. Only after 7 years
from the first anaphylaxis, the patient had the diagnoses of indolent
systemic mastocytosis, a disease associated with anomalous proliferation
and accumulation of mast cells in different tissues and which has a
lifetime anaphylaxis risk of 50%. The authors suggested that the excess of
mast cells and their MRGPRX2 receptors in patients with mastocytosis may
be a risk for anaphylaxis induced by quinolones [12••].

Evaluation and diagnosis

The evaluation of drug HR typically begins with a thorough clinical history,
which should include the details of the symptoms, the timing of the reaction in
relation to the causative agent, the timing passed since the reaction, and any
relevant substance ingestion, taken concurrently and/or since the reaction [22].
Additionally, the patient’s current medication list, allergy history, and previous
exposure to the same or any quinolone agent should be reviewed. A thorough
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patient history can aid to identify a true HR, the type and severity of this
reaction, and the need for diagnostic tests [22].

Evaluation for fluoroquinolones’ allergy is not indicated in every patient,
beingmore helpful in patient who report less severe IHR, such as pruritic rashes,
urticaria, or angioedema, than full anaphylaxis, and who are likely to require
fluoroquinolones in the future. After a complete clinical history, in vivo and
in vitro tests are essential in the algorithm to assess quinolone allergy. In recent
years, studies have evaluated several diagnostic tests, including skin tests, drug
provocation tests (DPT), and laboratory tests [1, 23, 24]. Skin testing and
in vitro tests have displayed low sensitivity and specificity, limiting their diag-
nostic utility. Also, it is advisable, if possible, to wait 4–6 weeks to perform skin
testing or drug challenge after an episode of anaphylaxis [17, 18].

Skin testing
The value of skin testing remains a subject of debate. Its utility is controversial
due to both unknown sensitivity and a high rate of false-positive results because
of irritant and histamine-releasing effects. Most studies showed that quinolones
can induce false-positive results due to the capacity of some quinolones to
activate mast cells, inducing histamine release [7, 18]. It is also important to
note that late or delayed reactions can occur with intradermal skin tests and
should always be assessed [24].

Regarding IHR, skin testing generally begins with skin prick test (SPT)
followed by intradermal test (IDT) in the case the SPT is negative.
Several authors have investigated optimal concentrations for IDT by
looking for non-irritant concentrations; however, the studies give contra-
dictory results [25–28].

For moxifloxacin, non-irritant concentrations for SPT vary between 1
and 20 mg/mL, and for IDT between 0.004 and 0.05 mg/mL [18, 29].
The best concentration of moxifloxacin for use in skin testing is not
entirely clear. A study using 3 concentrations of a parenteral formulation
of moxifloxacin hydrochloride in the IDT found positive results in 10/14
patients and in 12/16 controls tested. Two patients tested positive at the
1:1000 dilution, two patients at the 1:100 dilution, and six patients at
the 1:10 dilution. Of the 16 controls, two tested positive at the 1:100
dilutions and 12 individuals at the 1:10 dilution. Sensitivity and spec-
ificity of IDT calculated in this population were 57% and 12%, respec-
tively. Positive and negative predictive values were 36% and 25%, re-
spectively [30].

Performing IDT with ciprofloxacin in normal volunteers with 1/10,
1/50, and 1/100 dilutions of the 2 mg/mL ciprofloxacin regular solu-
tion, false-positive test results were observed 100%, 31%, and 0% of the
time, respectively. Therefore, if the aim of skin testing is good specificity,
we should use the 1/100 dilution to perform IDT with ciprofloxacin.
However, there are not enough data with real allergic patients to cipro-
floxacin showing that the 1/100 dilution has good sensitivity to diag-
nose allergic reactions. Other studies suggest the use of lower concen-
trations in the IDT, but this, according to our experience, is not neces-
sary. On the other hand, higher concentrations may be irritative, induc-
ing false-positive test results, and they should not be used [31].
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A small number of studies provide information about the utility of skin
testing to identify patients at risk of quinolones IHR. In the largest study,
fluoroquinolone SPT had a negative predictive value of 93%, sensitivity of
50%, and specificity of 93% [18].

In vitro tests
Development of in vitro tests is important due to the low specificity of skin
testing and to be used in severe cases of life-threatening IHR. Themost common
in vitro tests that have been used with promising results in the diagnosis of IHR
to quinolones are radioimmunoassays (RIA) and basophil activation tests
(BAT) [6, 32]. These tests are recommended to be performed prior to the
in vivo tests in high-risk patients, including patients with history of life-
threatening reactions [2, 33].

RIA for quinolone IgE-mediated allergy have presented low sensitivity,
varying from 31.6 to 54.5%, and high specificity. Higher serum-specific IgE
levels were found in patients evaluated within a fewmonths after the IHR, while
patients showing negative results were generally evaluated after a longer time
[2]. Studies have shown the utility of BAT for evaluating quinolone-allergic
reactions, with sensitivity ranging from 50 to 100%, which can be explained by
several factors such as patient’s medication therapy, the quinolone involved in
the reaction, the quinolone used in the test, and the choice of basophil activa-
tion markers used during the test [33••]. Ciprofloxacin showed higher sensi-
tivity than moxifloxacin in the BAT, even in the cases where moxifloxacin was
the culprit drug. These findings may be due to moxifloxacin being more
sensitive to ambient laboratory light than ciprofloxacin, generating higher drug
photodegradation [7]. When moxifloxacin was the culprit drug, addition of
other quinolone to the tests increased the sensitivity of BAT from41.7 to 79.2%,
and of specific IgE from 17 to 29.2%.

Patients developing IHR to moxifloxacin may only show positive in vitro
tests to ciprofloxacin, which was introduced on the market earlier andmight be
the original sensitizer. Therefore, patients with positive in vitro tests only to
ciprofloxacin should be considered allergic to moxifloxacin [7].

Drug provocation test
DPT is considered the “gold standard” for establishing or excluding the diag-
nosis of quinolone allergy, but the test is time consuming, associated with costs,
and involves the risk of induction of new severe reactions. They are also useful
to choose an alternative quinolone and to evaluate cross-reactivity in patients
who have skin test or in vitro test positive to a specific quinolone [2].

DPT must be performed by trained personnel in a clinical setting,
where rapid and adequate treatment can be administered if a reaction
occurs [34]. Doses and the number of steps used in DPT vary depending
on the study, ranging from a single dose [3] to escalating doses until the
therapeutic dose is achieved [2•]. Fluoroquinolone-graded challenge typi-
cally starts with 1/100 or 1/1000 of the full dose and includes two to four
steps until the full dose is reached. The degree of caution is determined by
the patient’s risk stratification, including the severity of the initial reaction
and the time elapsed since the reaction [18].
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The need of DPT in quinolone IHR evaluation is verified given that only 7–
32% of suspected immediate and delayed HR to quinolone, which underwent
DPT, were confirmed [18, 19], showing that clinical history alone may be
inaccurate to identify true quinolone IHR and can lead to over-diagnosis.
Moreover, a loss of sensitivity to drugs over time has been observed for IgE-
mediated HR, as has been reported in IHR to beta-lactams, dypirone, and
neuromuscular blocking agents [2•]. Therefore, the time elapsed between the
suspected HR and the allergological evaluation should be as short as possible to
avoid false-negative results.

Cross-reactivity

The presence of cross-reactions between quinolones in IHR remains a contro-
versial issue. Cross-reactivity might be associated with the common quinolone
structure, a 4-oxo-1, 4-dihydroquinoleine ring core that may act as the major
antigenic determinant, although the structure of groups bound in the C1, C5,
C7, and C8 positions may also play a role [2•]. In IHR, a high degree of cross-
reactivity has been reported between the first- (nalidixic acid) and second-
generation (norfloxacin and ciprofloxacin) quinolones. Cross-reactivity among
quinolones from the second generation does not always occur despite their
similar chemical structures. Differences in reactivity patterns may be due to the
production of different metabolites [2, 35, 36]. Cross-reactivity between the
newer (moxifloxacin) and the second- (ciprofloxacin) and third-generation
(levofloxacin) quinolones has been suggested to be lower [2, 20]. In relation
to levofloxacin, a low degree of cross-reactivity with ciprofloxacin has been
observed [37].

The report of three cases of IHRs to moxifloxacin showed a lack of cross-
reactivity among moxifloxacin and ciprofloxacin since all patients were able to
tolerate the oral DPTs to ciprofloxacin as well as a full course of this drug. The lack
of cross-reactivity may be explained by moxifloxacin’s unique side chain [38].
Another study evaluated 12 patients who had IHR, including four anaphylaxis,
after oral intake of quinolones. Most of the ciprofloxacin reactive patients toler-
ated levofloxacin, and most of the levofloxacin reactive patients tolerated cipro-
floxacin. In addition, the patients who reacted to moxifloxacin tolerated cipro-
floxacin and levofloxacin. This study highlighted the lack of cross-reactivity
among quinolones and suggested levofloxacin as a safer alternative in cases of
reaction to first-, second-, or fourth-generation quinolones [37].

Several studies have assessed cross-reactivity among quinolones, but
few have evaluated cross-reactivity between quinolones and other classes
of antibiotics. Furthermore, IHR to quinolones has also been associated
with neuromuscular blocking agent (NMBA) sensitization. Quaternary
ammonium specific IgE has been detected in 53% of patients with IHR
to fluoroquinolones suggesting cross-reactivity with neuromuscular
blocking agents [32]; however, the clinical relevance of this finding re-
quires in vivo investigation. Similar to the NMBAs, quinolones can induce
IHR during the first administration [32], suggesting a non-IgE-mediated
reaction or that sensitization might be induced by another substance that
shares a common antigenic determinant [2•].
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Management

Quinolone IHR management is based on three essential principles: dis-
continuation of the offending agent, initiation of an alternative agent, and
supportive care. Tolerance to another quinolone should be assessed if
necessary, especially for patients without a good antibiotic alternative for
the case [2•]. It must be taken into account that cross-reactivity between
quinolones is still not fully known due to the lack of robust studies
published so far. When a given quinolone is the only therapeutic option
available, desensitization may be required. Few cases of desensitization in
patients with IHR induced by ciprofloxacin and confirmed by DPT or skin
tests have been reported [2, 39, 40].

Conclusions

Quinolones are the secondmost common antibiotic class associated with IHRs,
which may be IgE-mediated or not. The prevalence of true quinolone allergy
still remains unknown, but its incidence has increased in recent decades,
probably due to the extensive utilization of this antibiotic class and the intro-
duction of moxifloxacin.

The description of a novel mechanisms of drug-induced mast cell
degranulation through the MRGPRX2 receptor modified the current man-
agement of drug IHR, and quinolones should be avoided by patients with
a known history of mastocytosis. Quinolones IHR diagnosis is complex,
since clinical history is often doubtful, skin tests can induce false-positive
results, and in vitro tests are not well validated. Therefore, in many cases,
the only way to confirm or rule out the diagnosis is DPT, a procedure that
carry some risks.

Quinolones present a variable degree of cross-reactivity that is unclear
and difficult to predict, and desensitization may be required in patients
with no other antibiotic options. Further studies assessing quinolones
allergy are needed to increase the knowledge in the field and to improve
patients’ management.
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