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Background. Fluoroquinolones are the second-most prescribed antimicrobial and are frequently associated with causing hy-
persensitivity reactions. Existing evidence regarding cross-reactivity of fluoroquinolones is limited, offering clinicians little guid-
ance in understanding the implications of selecting an in-class alternative among patients with histories of allergic reactions to
fluoroquinolones. The aim of this study was to compare the frequency of immediate hypersensitivity reactions to ciprofloxacin,
levofloxacin, and/or moxifloxacin among patients with a history of immediate hypersensitivity to a different fluoroquinolone.

Methods. This retrospective chart review included adult patients with a history of an immediate hypersensitivity reaction to
ciprofloxacin, levofloxacin, and/or moxifloxacin and a documented prescription for a different fluoroquinolone. The primary out-
come was documentation of a hypersensitivity reaction upon second fluoroquinolone exposure.

Results. A total of 321 cases met inclusion criteria. Of these cases, 2.5% experienced an immediate hypersensitivity reaction after
second fluoroquinolone exposure to ciprofloxacin, levofloxacin, and/or moxifloxacin. Within the ciprofloxacin, levofloxacin, and

moxifloxacin index allergy cohorts, the frequency of cross-reactivity was 2.5%, 2.0%, and 5.3%, respectively.

Conclusions.

Our data suggest that patients with a history of immediate hypersensitivity reaction to ciprofloxacin, levofloxacin,

and/or moxifloxacin are at low risk of experiencing a cross-reaction when exposed to a different fluoroquinolone. Avoidance of all

fluoroquinolones in this patient population may not be warranted.
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Keywords.

Fluoroquinolones are commonly prescribed in the acute
and ambulatory care settings [1, 2]. In the acute care setting,
fluoroquinolones are frequently used when transitioning from
intravenous (IV) to oral antibiotics as they have been shown
to shorten hospital stays while maintaining similar clinical
outcomes [3, 4]. Fluoroquinolones are also second only to
B-lactams in frequency of causing hypersensitivity reactions
[5]. However, fluoroquinolone allergy testing has not advanced
as much as B-lactam allergy testing. For example, skin testing
techniques to assess for penicillin allergy are reliable and have
demonstrated a near 99% negative predictive value [6]. The
accuracy of negative skin test results for fluoroquinolone al-
lergy vary from 50% to 75% negative predictive value [7, 8].
Immunoglobulin E (IgE) tests, basophil activation tests, and

Received 26 October 2021; editorial decision 24 February 2022; accepted 1 March 2022; pub-
lished online 2 March 2022.

S.F. A and V. M. are co—first authors and contributed equally to this work.

®M. N. J. is the senior author.

Correspondence: Meghan N. Jeffres, PharmD, BCIDP, University of Colorado Denver, Skaggs
School of Pharmacy and Pharmaceutical Sciences, 12850 E Montview Blvd, Room 1212, Aurora,
€0 80045, USA (meghan.jeffres@cuanschutz.edu).

Open Forum Infectious Diseases®2022

© The Author(s) 2022. Published by Oxford University Press on behalf of Infectious Diseases
Society of America. This is an Open Access article distributed under the terms of the Creative
Commons  Attribution-NonCommercial-NoDerivs  licence  (https://creativecommons.org/
licenses/by-nc-nd/4.0/), which permits non-commercial reproduction and distribution of the
work, inany medium, provided the original work is not altered or transformed in any way, and that
the work is properly cited. For commercial re-use, please contact journals.permissions@oup.com
https://doi.org/10.1093/ofid/ofac106

other in vitro allergy assessment methods are similarly unre-
liable. Without a reliable alternative, the validity of patients’
fluoroquinolone allergies is difficult to determine without sub-
jecting them to drug provocation tests. The provocation test
entails administration of an oral dose of the potentially immu-
nogenic agent. The necessity of challenging patients’ allergic re-
sponses to fluoroquinolones with dose administrations entails
a degree of risk and discomfort for the patient. This, coupled
with relatively small sample sizes, may contribute to the general
paucity of high-quality fluoroquinolone allergy studies. The
cross-reactivity of fluoroquinolones, therefore, has also been
inadequately characterized in the available literature.

Data regarding potential cross-reactivity of fluoroquinolones
are derived primarily from small case studies, some of which
use unreliable allergy assessment methods [9-13]. The objec-
tive of this study is to explore fluoroquinolone cross-reactivity
rates by investigating immediate hypersensitivity reactions in
patients with a history of a fluoroquinolone allergy and expo-
sure to an alternative fluoroquinolone agent.

METHODS

Participants

This retrospective study was reviewed and approved by the
Colorado Multiple Institutional Review Board. Data from
the electronic health records (EHRs) of all adult patients
within the University of Colorado Health (UCHealth) system
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(inpatient and outpatient) between 1 January 2012 and 1
January 2021 were collected. A query tool within the EHR was
used to identify potential participants. Patients were included
if they were aged 18-89 years; had a history of an immediate
hypersensitivity reaction to systemic formulations of either
ciprofloxacin, levofloxacin, and/or moxifloxacin (herein de-
fined as index fluoroquinolone allergy); and had a documented
prescription for a different fluoroquinolone (herein defined as
second fluoroquinolone). Patients were excluded if the second
fluoroquinolone was prescribed and no further documentation
existed in the EHR, the second fluoroquinolone exposure oc-
curred outside of the UCHealth system and patient response
was not communicated to a UCHealth clinician, or the index
fluoroquinolone allergy reaction history did not represent
symptoms associated with immediate hypersensitivity reac-
tions [14]. Symptoms of immediate hypersensitivity reactions
included but were not limited to respiratory distress, hypoten-
sion, angioedema, nonfacial edema, anaphylaxis, and/or hives.

Data Collection

This retrospective chart review was documented within the
Research Electronic Data Capture system (REDCap). Baseline
characteristics collected included demographics, index fluoro-
quinolone allergy and associated immediate reaction(s), com-
prehensive allergy history, and comorbidities associated with
the immune system including autoimmune and immunosup-
pressive diseases. Data regarding second fluoroquinolone ex-
posure were also collected, including medication, formulation,
prescription setting (inpatient vs outpatient), and concurrent
immunomodulatory medications at the time of second fluoro-
quinolone exposure. Patients included in the study were sorted
into cohorts based on their earliest reported fluoroquinolone
allergy. Within each index fluoroquinolone allergy cohort,
there were 2 study arms, 1 for each second fluoroquinolone ex-
posure. For example, within the index ciprofloxacin allergy co-
hort, there was a levofloxacin exposure arm and moxifloxacin
exposure arm. If a patient was exposed to 2 fluoroquinolones
beyond the index fluoroquinolone allergy, both exposures were
recorded individually as 2 separate events. For any patients in
whom the primary outcome was found, a screening of the EHR
was performed to determine if any medications new to the pa-
tient were administered within 24 hours of symptom onset.

Outcomes

The primary outcome was immediate hypersensitivity reaction
to a second fluoroquinolone other than the index fluoroquin-
olone allergy. Immediate hypersensitivity was defined as any
symptoms associated with immediate hypersensitivity reactions
that occurred within 24 hours after first-dose systemic exposure
of either ciprofloxacin, levofloxacin, or moxifloxacin as docu-
mented within the EHR [14]. For inpatients, all notes in the
EHR were screened for symptoms associated with immediate

hypersensitivity for 3 days after second fluoroquinolone ex-
posure or until discharge if <3 days. For outpatients, all notes
within the EHR were screened for immediate hypersensitivity
symptoms between the time of second fluoroquinolone expo-
sure and a follow-up visit with the prescriber. Secondary out-
comes included similarity of reaction symptoms between index
fluoroquinolone allergy and second fluoroquinolone and need
for medical intervention for the treatment of immediate hyper-
sensitivity reactions.

Statistical Analysis

Patients were divided into 3 cohorts according to their index
fluoroquinolone allergy (ciprofloxacin, levofloxacin, or
moxifloxacin). Within each cohort the frequency of immediate
hypersensitivity reactions to second fluoroquinolone was com-
pared. Baseline categorical variables were compared among sub-
groups using a 2-sided Fisher exact test. Continuous baseline
variables were compared using a 2-tailed independent sample
t test. The primary outcome of immediate hypersensitivity re-
action between each index fluoroquinolone allergy subgroup
was analyzed using a 2-sided Fisher exact test. Statistical sig-
nificance was defined as P < .05. Univariable logistic regression
was used to assess risk factors for immediate reaction to second
fluoroquinolones, with statistical significance determined by a
95% confidence interval (CI). Statistical analysis was performed

using SPSS software version 27.

RESULTS

Cohort Characteristics

The final sample size included 321 cases of second fluoroquin-
olone exposures from 310 patients. Index ciprofloxacin allergy
cases were screened for inclusion (n = 307), resulting in 157
cases. Index levofloxacin allergy cases were screened for inclu-
sion (n = 330), resulting in 145 cases, and screened for inclu-
sion (n = 57), resulting in 19 cases. Reasons for exclusion were
receipt of second fluoroquinolone not documented (n = 204),
nonsystemic dosage form (n = 84), index fluoroquinolone al-
lergy described as a nonallergy (n = 51), absence of documen-
tation within the EHR after receipt of second fluoroquinolone
prescription (n = 18), index fluoroquinolone allergy not an im-
mediate hypersensitivity reaction (n = 10), record found in al-
ternate cohort (n =5), or reaction to second fluoroquinolone
did not occur within 24 hours of administration (n=1). In
total, 25.7% of cases met inclusion criteria. Baseline variables
between study arms of each cohort were not statistically signif-
icant (Table 1).

Primary Outcome: Immediate Hypersensitivity Reaction Upon Exposure to
Second Fluoroquinolone

Immediate hypersensitivity reactions to a second fluoroquino-
lone occurred in 8 (2.5% [95% CI, 1.2%-4.9%]) of the 321 cases
included in the study. In the ciprofloxacin allergy cohort, 157
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Table 2. Frequency of Inmediate Hypersensitivity Reactions to Second Fluoroquinolone Exposure, Type of Reaction, and Supportive Care Administered

Ciprofloxacin Index Allergy Levofloxacin Index Allergy Moxifloxacin Index Allergy

Type of Reaction Levofloxacin Moxifloxacin Ciprofloxacin Moxifloxacin Levofloxacin Ciprofloxacin
(n=147) (n=10) (n=135) (n=10) (n=12) (n=7)

HSR to second FQ 4(2.7) 0(0.0) 3(2.2) 0(0.0) 1(8.3) 0(0.0)
Respiratory distress 3(2.0 0(0.0) 0(0.0) 0(0.0)
Angioedema 1(0.7) 0(0.0) 1(0.7) 0(0.0) 0(0.0) 0(0.0)
Nonfacial edema 1(0.7) 0(0.0 0(0.0) 0(0.0) 1(8.3) 0(0.0)
Hives 1(0.7) 0 (0. 0) 0(0.0) 0(0.0)
Other 1(0.7) 0 (0. 2 (1.4) 0(0.0) 0(0.0) 0(0.0)

Same reaction to both 2 (1.4) 0 (0. 1(0.7) 0(0.0) 1(8.3) 0(0.0)
index and second FQ

Medical intervention
Epinephrine 0(0.0) 0(0.0) (0.0 0(0.0) 0(0.0) 0(0.0)
Antihistamine 1(0.7) 0(0.0) 1(0.7) 0(0.0) 0(0.0) 0(0.0)
Corticosteroid 0(0.0) 0(0.0) 1(0.7) 0(0.0) 0(0.0) 0(0.0)

Data are presented as No. (%) unless otherwise indicated. No significant difference was found between any outcomes (P> .05).

Abbreviations: FQ, fluoroguinolone; HSR, hypersensitivity reaction.

exposures resulted in 4 (2.5% [.7%-6.3%]) immediate hypersen- A univariable logistic regression was used to assess risk fac-

sitivity reactions, all of which were found in the levofloxacin ex-
posure arm. Of the 145 exposures examined in the levofloxacin
allergy cohort, 3 (2.0% [.4%-
diate hypersensitivity reaction, all of which were found in the

5.9%])) resulted in an imme-

ciprofloxacin exposure arm. Within the moxifloxacin allergy
cohort, 19 exposures resulted in 1 (5.3% [95% CI, .0-26.5%])
immediate hypersensitivity reaction, found in the levofloxacin
arm (Table 2).

Six of the 8 cases that experienced immediate hypersen-
sitivity reactions were female with a median age of 60.5 years
(Table 3). The median number of medication allergies beyond
fluoroquinolones was 3 (interquartile range, 2.5-8.5). Four of the
8 immediate hypersensitivity reaction symptoms were the same
as the index fluoroquinolone reaction symptoms on record.

tors for an immediate hypersensitivity reaction to a second
fluoroquinolone, including index fluoroquinolone allergy, index
fluoroquinolone reaction symptom, age, sex, number of addi-
tional medication allergies, and autoimmune comorbidities. No
variables were statistically significant.

DISCUSSION

The study included 321 cases in which 310 patients had a his-
tory of an immediate hypersensitivity reaction to ciprofloxacin,
levofloxacin, and/or moxifloxacin and received a different
fluoroquinolone. Eight of 321 cases experienced an immediate
hypersensitivity reaction to a second fluoroquinolone, resulting

in a cross-reactivity frequency of 2.5% (95% CI, 1.1%-4.9%).

Table 3. Demographic and Cross-Reaction Descriptions of Primary Outcome Patients

Age, Number of Ad-  Autoim- New Medications
Patient y/ ditional Medica- mune at Time of Second Second FQ, Reaction to Second
Number Sex Index FQ Allergy: Reaction tion Allergies  Diseases FQ Exposure Route FQ
1 43/F Ciprofloxacin: SOB 10 Allergic rhi- None Levofloxacin, Throat swelling, SOB
nitis oral
2 68/F Ciprofloxacin: hives 17 Rheumatoid None Levofloxacin, Nonfacial edema, SOB
arthritis oral
3 49/F Ciprofloxacin: anaphylaxis 3 None None Levofloxacin, SOB, hypotension
oral
4 72/F Ciprofloxacin: throat swelling, 0 None None Levofloxacin, Hives
swelling (unspecified) oral
B 56/F Levofloxacin: SOB 2 None None Ciprofloxacin, Hypotension, severe
oral headache, jitteriness
6 72/F Levofloxacin: hives 3 None None Ciprofloxacin, Swollen tongue
oral
7 46/M Levofloxacin: anaphylaxis, throat 7 None None Ciprofloxacin, Rash, neuropathy
swelling, rash, fever, sore muscles intravenous
8 65/M Moxifloxacin: swelling 3 None None Levofloxacin, Nonfacial edema

oral

All patients shown in this table were of White race.

Abbreviations: F, female; FQ, fluoroquinolone; M, male; SOB, shortness of breath.
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Cross-reactivity among the ciprofloxacin and levofloxacin co-
horts were similar at 2.5% and 2.0%, respectively. The frequency
of cross-reactivity in the moxifloxacin cohort was 5.3% and dif-
ficult to interpret due to the small sample size of the cohort.

The frequency of cross-reactivity in our study is lower than
what was found in a prospective cross-sectional study by Demir
et al, who assessed fluoroquinolone cross-reactivity among 54
patients with a history of fluoroquinolone hypersensitivity [8].
Similar to our study, patients were excluded if their hypersensi-
tivity reaction occurred >24 hours after drug exposure. Patients
underwent drug provocation tests of both index and alterna-
tive fluoroquinolone. Of 30 patients with a history of hyper-
sensitivity to ciprofloxacin, 9 patients (30.0%) cross-reacted to
moxifloxacin and 7 (23.3%) cross-reacted to levofloxacin. Of the
12 patients with a history of hypersensitivity to moxifloxacin,
1 (8.3%) cross-reacted to ciprofloxacin and 1 (8.3%) cross-
reacted to levofloxacin. Out the 4 patients with a history of
hypersensitivity to levofloxacin, 1 (25.0%) cross-reacted to
moxifloxacin. Drug provocation test with ciprofloxacin was not
reported in this arm. The authors found an overall cross-re-
activity frequency of 5% among the 5 fluoroquinolones in-
cluded: ciprofloxacin, moxifloxacin, levofloxacin, ofloxacin,
and gemifloxacin [8]. Contrary to our study, patients with
nonimmediate hypersensitivity reactions, such as fixed drug
eruptions and maculopapular drug eruptions, were included
whereas patients with comorbid diseases, such as uncontrolled
asthma, were excluded. These differences may explain why the
cross-reactivity frequencies differ.

Other available evidence that uses oral challenge or exposure
to analyze fluoroquinolone cross-reactivity is primarily offered
by case reports and small studies. Several publications reported
cross-reactivity when a patient sensitive to one fluoroquinolone
was administered another [11, 12, 15, 16], while other studies
reported either no or low rates of cross-reactivity [13, 17-19].
The varying results and conclusions of these studies are likely
attributed to the inclusion of different types of hypersensitivity
reactions and small sample sizes. Our study differs because it
includes a larger sample size that focuses on immediate hyper-
sensitivity reactions.

Cross-reactivity among fluoroquinolones may be attributed
to structural similarities of the core ring or the side chains
bound to positions N1, C7, and C8 as seen in Figure 1 [20].
The differences in side chains bound to these positions can

affect the spectrum of activity and adverse effect profile of each
fluoroquinolone. These structural changes are also used to clas-
sify the fluoroquinolones into generations. Ciprofloxacin and
levofloxacin both have a piperazinyl ring at C7. This piperazinyl
side chain is altered by ultraviolet A irradiation, which could
cause the formation of a common allergenic fluoroquinolone-
protein complex and may explain the photoallergic cross-re-
activity observed between ciprofloxacin and levofloxacin [21].
This reasoning does not explain the results of our study as
photoallergic reactions are delayed hypersensitivity reactions,
and our study specifically focused on immediate hypersensitivity
reactions. The structure of moxifloxacin is noticeably unique to
that of ciprofloxacin and levofloxacin as it has a methoxy group
on C8. This distinction has led some to predict low rates of
cross-reactivity of moxifloxacin with other in-class agents and
to suggest using moxifloxacin as a safe therapeutic alternative
in patients hypersensitive to other fluoroquinolones [10]. Our
results do not support this prediction as moxifloxacin did not
have the lowest cross-reactivity rate compared to ciprofloxacin
and levofloxacin. Ciprofloxacin, levofloxacin, and moxifloxacin
all share a 4-ox0-1,4-dihydroquinoline ring core with a fluorine
atom attached to position 6. Given this common ring structure,
it is hypothesized that a patient allergic to one fluoroquinolone
would also be allergic all other fluoroquinolones [10]. The low
incidence of cross-reactivity in our study suggests that the fluor-
oquinolone core is not commonly the antigenic component of
fluoroquinolone molecules.

Interestingly, immediate-type reactions to fluoroquinolones
are more often mediated via a mechanism that is triggered
independently of IgE antibody activation, and are instead
due to direct activation of mast cells through Mas-related G
protein-coupled receptor X2 (MRGPRX2) [22]. An impor-
tant distinction between the 2 reaction mechanisms is that,
while IgE-antibody reactions tend to occur even with minis-
cule exposure to the antigen, MRGPRX2-mediated reactions
are dose-dependent, and many medications have established
half maximal effective concentration (EC, ) values [23-28]. A
recent study by Krantz et al proposed new intradermal test cri-
teria followed by single-dose oral challenge—200 mg, 250 mg,
and 250 mg for moxifloxacin, levofloxacin, and ciprofloxacin,
respectively—that they used for de-labeling of fluoroquinolone
drug allergy [29]. The authors acknowledge, however, that the
low-dose oral challenge standard to allergy testing may not

Figure 1.

Chemical structure of 3 fluoroquinolones: ciprofloxacin (4), levofloxacin (B), and moxifloxacin (C).
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account for the dose-dependent nature of non-IgE-mediated
reactions. While the retrospective nature of our study does not
allow the confirmatory testing of reaction mechanism (ie, IgE-
mediated vs MRGPRX2-mediated), the outcomes offer a clin-
ically important perspective on the likelihood of immediate
reaction to a therapeutic dose of an alternate fluoroquinolone
in the setting of a fluoroquinolone allergy label in a patient’s
EHR.

Given its retrospective nature, our study inherently has sev-
eral limitations that may have impacted our results. Inaccurate
reporting of index fluoroquinolone allergies by patients may
have contributed to the lower cross-reaction rates seen in our
study. Blanca-Lopez et al reported that hypersensitivity among
patients with a fluoroquinolone allergy is more often con-
firmed if the patient experienced an immediate reaction [30].
We addressed the possibility of false allergy reports by limiting
inclusion criteria to patients who reported serious immediate
hypersensitivity reactions, as opposed to more ambiguous
symptoms, such as gastrointestinal discomfort. It is also pos-
sible that some cross-reactions to a second fluoroquinolone
exposure were not accounted for in our study due to those
patients seeking care for their hypersensitivity reaction out-
side of the UCHealth system. We tried to minimize this im-
pact by including patients if they subsequently communicated
a reaction to second fluoroquinolone exposure to a UCHealth
provider despite receiving medical intervention for that reac-
tion elsewhere. Several patients were excluded from the study
for reporting an index allergy or having a second exposure to
nonsystemic dosage forms of moxifloxacin, particularly oph-
thalmic formulations. The resulting small sample size limits
the ability to interpret the cross-reactivity of moxifloxacin with
other fluoroquinolones.

Our study is hypothesis-generating and prospective data
from a large sample size are necessary to establish causality.
Future research is needed to identify risk factors for hyper-
sensitivity reactions as they appear unpredictable even in the
setting of prior immediate hypersensitivity reactions. Beyond
clinical risk factors, perhaps genotypic risk factors could pre-
dict cross-reactivity. Pirmohamed explains that several drug-
induced hypersensitivity reactions have evidence supporting a
genetic predisposition [31]. For example, HLA-A29, HLA-B12,
and HLA-DR7 have been associated with the development
of toxic epidermal necrolysis upon receipt of sulfonamides.
Current research in this area is limited to small studies.

CONCLUSIONS

Given the high utilization of fluoroquinolones to treat numerous
infections, the prevalence of fluoroquinolone allergy is second
only to B-lactams. The low cross-reactivity frequency found in
this study should increase clinician confidence in attempting
a test dose or oral challenge among patients with a history of

immediate allergy to fluoroquinolones. Comprehensive educa-
tion about likelihood of hypersensitivity and symptom manage-
ment should be provided in these scenarios.
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