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Immediate Hypersensitivity to Moxifloxacin with Tolerance to

Ciprofloxacin: Report of Three Cases and Review of the Literature
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Since the discovery of the quinolones
in 1962, this class of antibiotics has
gained much popularity in the treatment
of various infectious diseases.! Extensive
structural modifications, including the
introduction of a fluorine atom, have
been made to enhance the spectrum of
activity and oral bioavailability of this
class of antibiotics. Today, the fluoro-
quinolones are the only synthetic an-
tibacterial agents that have gained world-
wide clinical use comparable to that of
the B-lactam antibiotics 2
Fluoroquinolone antibiotics are gener-
ally well tolerated. The most common
adverse effects reported involve the gas-
trointestinal tract (~1-5%), the skin
(<2.5%), and the central nervous system
(CNS) (~1-2%).>¢ Immune-mediated
hypersensitivity reactions have also been
reported at a frequency of 1 in 50,000
treatments.” Immediate immunoglobulin
E (IgE)-mediated hypersensitivity reac-
tions, such as urticaria, angioedema, and
anaphylactic shock, are the most fre-
quently described immune-mediated re-
actions. However, rare reports of delayed
maculopapular exanthems, Stevens-John-
son syndrome and toxic epidermal necro-
lysis, fixed drug eruptions, hematologic
disorders, acute interstitial nephritis,

OBJECTIVE: To report 3 cases of immediate hypersensitivity reactions to
moxifloxacin in patients who tolerated ciprofloxacin.

CASE SUMMARIES: A 71-year-old man, a 44-year-old woman, and a 70-year-old
woman with a history of a moxifloxacin reaction developed an immediate
hypersensitivity reaction upon oral challenge with moxifloxacin in our Drug Safety
Clinic. The reaction was mainly characterized by pruritus and urticaria, although
dyspnea and hypotension were noted in the first and second patient, respectively.
Two of the patients had negative oral challenge tests with ciprofioxacin and all 3
patients tolerated full treatment courses of oral ciprofloxacin. In all 3 cases, use of
the Naranjo probability scale indicated a highly probable adverse drug reaction.

DISCUSSION: Moxifloxacin, similar to other fluoroguinolones, can cause immediate
hypersensitivity reactions. Previous publications have reported both cross-
reactivity and a lack of cross-reactivity among various fluoroquinolones. The 3
patients discussed demonstrated a lack of cross-reactivity between moxifloxacin
and ciprofloxacin since they tolerated oral challenge tests and full treatment
courses of ciprofloxacin. Moxifloxacin has unique side chains at positions 7 and 8
on its bicyclic ring structure. Antigenic specificity to particular side chains at
positions 7 and 8 on the bicyclic ring structure of moxifloxacin may explain this lack
of cross-reactivity. Higher reporting rates of anaphylaxis to moxifloxacin com-
pared to other fluoroquinolones may also be related to side chain specificity,
although definitive evidence for this is lacking.

CONCLUSIONS: Based on our experience, patients who develop immediate
hypersensitivity reactions to moxifloxacin may receive ciprofloxacin therapy in an
appropriately monitored setting if they have previously tolerated full treatment
courses of ciprofloxacin. Research into whether there is a specific side chain
reaction unique to moxifloxacin is warranted.
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acute hepatitis, and cholestatic jaundice can also be found.™®
Anaphylactoid reactions, which have the same presentation
as anaphylactic reactions due to the release of histamine
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from mast cells and basophils, but which are not IgE-medi-
ated, have also been reported with the fluoroquinolones®
Anaphylactoid reactions can occur with the first dose, as
prior sensitization is not required. Although not immune-
mediated, these reactions are considered immediate hyper-
sensitivity reactions and are managed in the same way.
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Moxifloxacin is a third-generation fluoroquinolone,
with markedly improved gram-positive activity that is
commonly prescribed for respiratory tract infections.? Oth-
er advantages include a lower resistance rate compared to
levofloxacin and a lower risk of adverse effects, including
a lower propensity for inducing phototoxic reactions and
CNS adverse effects compared to other fluoroquinolones 5
Nevertheless, unpredictable immediate hypersensitivity re-
actions have been reported with moxifloxacin despite its
overall safety profile, with evidence suggesting that ana-
phylaxis is more frequently reported with moxifloxacin
compared to ciprofloxacin, ofloxacin, and levofloxacin '*12

We describe 3 patients in whom we confirmed an im-
mediate hypersensitivity reaction to moxifloxacin with an
oral challenge test, but who previously tolerated full treat-
ment courses of ciprofloxacin. Use of the Naranjo proba-
bility scale® indicated that an adverse drug reaction at-
tributable to moxifloxacin was highly probable. In addi-
tion, the propensity for cross-reactivity and structural
differences between moxifloxacin and other fluoro-
quinolones are reviewed in this report.

Case Reporis

A 71-year-old male was referred to our Drug Safety Clinic
5 months after developing urticaria when administered moxi-
floxacin. At the time of his reaction, he was being treated
with moxifloxacin 400 mg daily for a bronchiectasis exacer-
bation. He tolerated the first dose; however, 30 minutes after
taking the second dose, he developed nausea, dyspnea, hot
flashes, and generalized urticaria. He also vomited, but de-
nied any swelling. He discontinued moxifloxacin after the
second dose and self-medicated with diphenhydramine and
cold compresses. His symptoms resolved after several hours.

This patient’s past medical history included coronary
artery disease, hyperlipidemia, chronic obstructive pul-
monary disease with bronchiectasis, pulmonary fibrosis,
and diabetes. He had no known drug allergies prior to his
reaction to moxifloxacin. At the time of his bronchiectasis
exacerbation, he was taking multiple long-term medica-
tions, which included albuterol, tiotropium, salmeterol, flu-
ticasone, glyburide, amlodipine, ezetimibe, pravastatin,
and prednisone when required. In addition, he stated that
he had previously tolerated ciprofloxacin, levofloxacin,
and 1 course of moxifloxacin.

Intradermal skin tests to fluoroquinolones (Table 1) and
an oral challenge to ciprofloxacin 250 mg were performed
5 days after the patient’s interview in the Drug Safety Clin-
ic. He was not taking prednisone at the time and he was in-
structed to avoid antihistamines for 48 hours prior to com-
pleting his skin tests and oral challenge. Histamine 1
mg/mL and NaCl 0.9% were used as controls. Results of
his intradermal skin tests and subsequent ciprofloxacin oral
challenge were negative.
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Two months later, the patient returned for an oral chal-
lenge to moxifloxacin 200 mg. On this visit, he reported
that he had just completed a 2-week course of cipro-
floxacin. His baseline blood pressure was 151/81 mm Hg,
heart rate 102 beats/min, and peak expiratory flow 180
L/min. Within 15 minutes after the dose, the patient com-
plained of generalized pruritus, dyspnea, and hot flashes. On
examination, there was no apparent urticaria or rash and his
vital signs remained stable. Forty minutes after the initial
dose, he continued to complain of pruritus. His symptoms
progressed to nausea, wheezing, and urticaria on his arms
and back, similar to his previous experience with moxi-
floxacin. He was treated with 0.5 mL of subcutaneous
epinephrine 1:1000, 50 mg of oral diphenhydramine, and 10
mg of oral cetirizine. Five hours later, all of his symptoms
had resolved and he was discharged home.

Three months after the moxifloxacin oral challenge, the
patient was contacted to determine whether he had taken
further treatment courses with other fluoroquinolones. He
informed us that he completed a 15-day course of
ciprofloxacin without any adverse effects 1 month after his
reaction to the moxifloxacin oral challenge.

Table 2 provides a summary of patient characteristics
and allergy test results for the above patient and 2 addition-
al patients who were tested for reactions to moxifloxacin
over 5 years in our Drug Safety Clinic. Unlike the first pa-
tient, the 2 additional patients had not taken any previous
doses of moxifloxacin prior to their initial reaction and ap-
peared to present with anaphylactoid reactions; however,
we did not confirm their history of moxifloxacin use. In
addition, the second patient had previously tolerated le-
vofloxacin and the third patient had previously tolerated
ciprofloxacin prior to the skin tests and oral challenges in
our clinic. Analogous to the first patient, these 2 patients de-
veloped symptoms that were similar to those of their initial
reaction to moxifloxacin within 20 minutes to 2 hours of
their moxifloxacin oral challenge. Subsequent to the moxi-
floxacin oral challenge, the third patient completed at least 5
additional courses of ciprofloxacin without any adverse ef-
fects. We were unable to contact the second patient to deter-

Table 1. Drug Concentrations Used for Intradermal
Skin Tests and Oral Challenge Tests

Drug Intradermal Oral Challenge
Levofloxacin 0.005 mg/mL
0.05 mg/mL
Ciprofloxacin 0.005 mg/mL 250 mg
0.05 mg/mL i
Moxifloxacin 0.005 mg/mL 200 mg®
0.05 mg/mL

#Patients 2 and 3 received a 400-mg dose due to a change in our test-
ing protocol.
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other fluoroquinolones. To our knowledge, only 3 publica-
tions have specifically examined cross-reactivity among
the fluoroquinolones related to immediate hypersensitivity
reactions.!*342 D4vila et al ® were the first of these to eval-
uate the existence of cross-reactivity between first-genera-
tion (nalidixic acid, pipemidic acid) and second-generation
(norfloxacin, ciprofloxacin) fluoroquinolones. In the 3 pa-
tients who were studied by Dévila et al.,*® only oral chal-
lenge tests were useful in establishing cross-reactivity.
They did not complete any specific in vitro IgE tests. The
first patient had positive oral challenge tests to nalidixic
acid and norfloxacin. The second patient had positive oral
challenge tests to pipemidic acid and ciprofloxacin. The
third patient had positive oral challenge tests to pipemidic
acid and nalidixic acid, but interestingly, not to norfloxacin.
Therefore, cross-reactivity could be demonstrated between
the first- and second-generation fluoroquinolones, but not in
all cases. Subsequent to this report, Manfredi et al.#* exam-
ined the usefulness of using in vitro testing involving
quinolone-specific IgE to determine cross-reactivity. IgE to
specific quinolones was detected in only 54.5% of the 55
patients tested, although some patients were tested up to 48
months after their initial adverse reaction. In this study,
cross-reactivity based on the presence of quinolone-specific
IgE to various quinolones, including pipemidic acid,
nalidixic acid, pefloxacin, rufloxacin, cinoxacin, lome-
floxacin, ciprofloxacin, norfloxacin, and ofloxacin was
demonstrated; moxifloxacin was not tested. Moxifloxacin
cross-reactivity has been looked at specifically in only one
study. Gonziles et al.'* used skin prick tests, intradermal
tests, and oral challenges in 6 patients to determine cross-re-
activity among 5 different fluoroquinolones: ciprofloxacin,
norfloxacin, levofloxacin, ofloxacin, and moxifloxacin. Of
the 3 patients studied who had an initial reaction to moxi-
floxacin, only 1 reacted to oral challenges with ciprofloxacin
and ofloxacin. The other 2 patients tolerated ciprofloxacin
oral challenges and 1 of these patients also tolerated a levo-
floxacin oral challenge. Thus, clear conclusions on whether
moxifloxacin cross-reacts with various other quinolones
cannot be established.

Although Gonziles et al." demonstrated positive oral
challenge tests in several patients to a combination of mox-
ifloxacin and ciprofloxacin, levofloxacin, or ofloxacin, 2
patients who reacted to oral challenge tests with moxi-
floxacin did not react to oral challenge tests with
ciprofloxacin. This was similar to the resuits noted in our 3
patients, demonstrating a lack of cross-reactivity between
ciprofloxacin and moxifloxacin for at least some patients.
To the best of our knowledge, this is the first report of tol-
erance to full treatment courses of ciprofloxacin in patients
who developed immediate hypersensitivity reactions to
moxifloxacin. In the first and second patients, who had
previously tolerated levofloxacin, it is possible that there is
no cross-reactivity between moxifloxacin and levoflox-
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acin, although we were unable to confirm this with a le-
vofloxacin oral challenge. Based on these 3 cases and the
results reported by Alemdn et al.'® and Gonziles et al. ! it
is highly plausible that, while some patients may react to a
common fluoroquinolone ring structure and display cross-
reactivity in oral challenge tests, others may react only to a
side chain that is specific to moxifloxacin.

Specific side chain reactivity has been demonstrated
with other antibiotics, such as the §-lactams. Over the past
decade, a considerable amount of evidence has been gath-
ered to establish that the immune response to cephalo-
sporins is more dependent on their side chain structures.
Studies using monoclonal antibodies have shown recogni-
tion of epitopes to specific side chains of the cephalo-
sporins and not to the thiazolidine ring or the conjugated
nuclear region of the penicillins 4 As well, rabbit anti-
bodies against cephalosporins with different side chains
have not been found to cross-react.#

All fluoroquinolones consist of a bicyclic ring structure in
which there is a substitution at position 1 with various moi-
eties (Figure 1) 5 Both ciprofloxacin and moxifloxacin have
a cyclopropyl group in position 1 to enhance pharmacoki-
netic properties and gram-negative activity (Figures 2 and
3).24647 Where moxifloxacin differs from ciprofloxacin is in
positions 7 and 8; ciprofloxacin exhibits an unsubstituted 6-
membered piperazine ring at position 7 that confers good
gram-negative activity.>#4” Moxifloxacin, on the other hand,
has a 5-membered diazabicyclic ring that confers gram-posi-
tive activity, especially toward Streptococcus pneumoni-
ae X541 Furthermore, moxifloxacin has a methoxy group in
position 8 to reduce photoreactivity and to enhance anaero-
bic activity 2447 Ciprofloxacin does not have any side chain
in this position. Based on the structural differences at posi-
tions 7 and 8, it is conceivable that there may be side chain
reactivity to these sites alone. This would potentially explain
the lack of cross-reactivity between ciprofloxacin and moxi-
floxacin in our patients. In patients who display cross-reac-
tivity to ciprofloxacin and moxifloxacin, the reaction may be
based on the general bicyclic structure of the molecule or on
the cyclopropyl group at position 1.

Figure 1. General structure of a fluoroquinolone.
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Of interest, an analysis of spontaneous reports of fluoro-
quinolone-associated anaphylaxis in Germany showed that
moxifloxacin accounted for 54% of these reports.!? This rate
is considerably higher than that of other fluoroquinolones.
For example, levofloxacin accounted for only 15% of the re-
ports and ciprofloxacin accounted for only 13% of the re-
ports. The corresponding reporting rates per 1 million defined
daily doses based on crude estimates of exposure were 3.3,
0.6, 0.2, and 0.2 for moxifloxacin, levofloxacin, cipro-
floxacin, and ofloxacin, respectively. If side chain substitu-
tions occurring at positions 7 and 8 have more antigenic po-
tential for inciting hypersensitivity, then it is possible that
moxifloxacin may have a higher occurrence rate for anaphy-
laxis. While the data presented in this analysis provide a sig-
nal that drug-associated anaphylaxis could occur more fre-
quently with moxifloxacin when compared to other fluoro-
quinolones, appropriately designed epidemiologic studies,
such as case-control studies, are required to address this hy-
pothesis.

There are several limitations to our case series. First, our
patients were not tested consistently over the course of a 5-
year period due to changes in our testing protocol. Intrader-
mal skin tests for moxifloxacin were not performed for all 3
patients because these tests have low sensitivity and often re-
sult in irritant reactions.”® Oral challenge tests, which were
completed in all 3 patients, remain the gold standard for de-
tecting hypersensitivity reactions. Therefore, the lack of intra-
dermal skin test results for 2 of the patients likely had little
impact on our overall conclusion. In addition, we were un-
able to contact the second patient to determine whether she
continued to take treatment courses of ciprofloxacin after her

S8,
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Figure 2. Ciprofloxacin.

OH

Figure 3. Moxifloxacin.
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moxifloxacin oral challenge. This information would have
strengthened our case series, but we feel that the likelihood of
cross-reactivity is low, given this patient’s tolerance of a full
treatment course of ciprofloxacin after an initial anaphylac-
toid reaction to moxifloxacin. Finally, we did not conduct
oral challenge tests with fluoroquinolones other than
ciprofloxacin. For this reason, we cannot confirm whether
our patients have a specific side chain reaction to moxi-
floxacin alone. Further research into this area is required to

- confirm the possibility of an immunologic reaction to a side

chain that is unique to moxifloxacin.

In cases where patients have displayed an immediate
hypersensitivity reaction to moxifloxacin but have clearly
demonstrated tolerance to full treatment courses of
ciprofloxacin, we believe that these patients will likely
continue to tolerate ciprofloxacin. However, should
ciprofloxacin therapy be required in the future, these pa-
tients should be treated in a monitored medical setting
where possible, such as a drug safety clinic. Furthermore,
these patients should be evaluated on an individual basis.
Further research into whether there is a specific side chain
reaction to moxifloxacin is warranted.
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