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Abstract: Background: Fluoroquinolones, available in topical and oral formulations, are 

used to manage bacterial skin and soft tissue infections, including Pseudomonas aeruginosa, 

atypical mycobacteria, and select multidrug-resistant Gram-negative organisms. Their ex-

cellent tissue penetration, bactericidal activity, and convenient dosing make them effec-

tive for certain skin and soft tissue infections. However, their use is limited by potential 

safety concerns, including tendinopathy (odds ratio up to 9.1 in corticosteroid users), QT 

interval prolongation with risk of torsades de pointes, phototoxicity, and rising antimi-

crobial resistance. Methods: A literature search of PubMed, Scopus, and Web of Science 

was conducted for articles from January 1985 to April 2025 with the search terms (quino-

lone OR fluoroquinolone) AND (dermatology OR “skin and soft tissue infection” OR 

“skin structure infection”). Abstracts and presentations were excluded. A Google search 

used the same terms for articles from government regulatory agencies. Results: This re-

view provides practical guidance on the clinical use of topical and oral fluoroquinolones 

in dermatology. Delafloxacin demonstrated over 90% cure rates in trials for complicated 

skin infections. However, serious safety concerns remain, including a ninefold increase in 

tendinopathy risk among older adults on corticosteroids and corrected QT intervals ex-

ceeding 500 milliseconds in high-risk patients. Phototoxicity varies, with agents like spar-

floxacin linked to heightened ultraviolet sensitivity. Resistance to ciprofloxacin exceeds 

20 percent in Escherichia coli and P. aeruginosa in some populations. Culture-based pre-

scribing, shorter treatment courses, and preference for topical treatments can reduce risk 

and preserve efficacy. Conclusions: Fluoroquinolones remain clinically useful in derma-

tology when prescribed selectively. Their appropriate use requires careful attention to 
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patient risk factors along with their evolving resistance patterns and ongoing stewardship 

efforts. 

Keywords: fluoroquinolone; skin; dermatology; bacteria; antibiotic stewardship; tendi-

nopathy; safety; skin and soft tissue infections; risk management; toxicity 

 

1. Introduction 

Fluoroquinolones (FQs) are a class of antibiotics that emerged in the 1980s from ear-

lier quinolones, with the addition of a fluorine atom improving their antimicrobial activ-

ity, tissue penetration, and dosing efficiency [1,2]. FQs have been instrumental in treating 

a wide range of infections, including dermatologic conditions such as cellulitis, erysipelas, 

impetigo, surgical wound infections, and infected diabetic foot ulcers [3]. Their favorable 

pharmacokinetic properties, including high oral bioavailability and good tissue penetra-

tion, have contributed to their popularity in medical therapy. 

Despite their widespread clinical use, FQs have been the subject of controversy due 

to their association with significant adverse effects, including tendinitis and tendon rup-

ture, neuropsychiatric symptoms, and cardiac arrhythmias. As such, careful consideration 

of their benefits and potential risks is necessary in clinical decision-making [4]. This re-

view is intended to serve as a practical guide for dermatologists by synthesizing current 

evidence from peer-reviewed studies to clarify the mechanisms of action of FQs, define 

their clinical indications in dermatologic care, examine associated safety concerns, and 

present practices for responsible and effective antimicrobial use. 

A comprehensive literature search was conducted using PubMed, Scopus, and Web 

of Science with the search terms (quinolone OR fluoroquinolone) AND (dermatology OR 

“skin and soft tissue infection” OR “skin structure infection”). Inclusion criteria include 

peer-reviewed basic science original research articles, clinical guidelines, randomized 

controlled trials, systematic reviews, review articles, case reports, and case series from 

January 1985 to April 2025. A Google search used the same search terms with the addition 

of “site:gov” for articles from United States government regulatory agencies. Abstracts 

and presentations were excluded. Standardized quality assessments of articles were not 

performed. No new unpublished data are presented in this review. 

2. Overview of Fluoroquinolone Antibiotics 

FQs have undergone multiple iterations of development, leading to their classifica-

tion into four generations based on progressive enhancements in pharmacologic proper-

ties and the spectrum of activity (Table 1). Nalidixic acid, the prototypical first-generation 

FQ, demonstrates limited Gram-negative activity and poor tissue penetration, making it 

unsuitable for most skin infections [5]. Second-generation FQs, including ciprofloxacin 

and norfloxacin, demonstrate enhanced systemic activity and an expanded spectrum tar-

geting Gram-negative pathogens such as Escherichia coli, Klebsiella pneumoniae, Enterobacter 

cloacae, Proteus mirabilis, Proteus vulgaris, Providencia stuartii, Morganella morganii, Citrobac-

ter freundii, and Pseudomonas aeruginosa. These agents also exhibit some efficacy against 

methicillin-susceptible Staphylococcus aureus (MSSA) and Streptococcus pyogenes. FQs are 

utilized in the management of both uncomplicated and complicated skin and skin struc-

ture infections (SSSIs), including cellulitis and diabetic foot infections [6]. 

Third-generation FQs, such as levofloxacin and moxifloxacin, exhibit expanded ac-

tivity against Gram-positive bacteria and atypical pathogens, broadening their efficacy in 

the treatment of SSSIs, including cellulitis, erysipelas, and surgical wound infections. They 

demonstrate efficacy against S. aureus, including methicillin-susceptible strains, S. 



Pharmaceuticals 2025, 18, 800 3 of 22 
 

 

pyogenes, and Streptococcus agalactiae. Additionally, they exhibit activity against Gram-neg-

ative pathogens such as E. coli and K. pneumoniae [3]. Their improved pharmacokinetic 

profiles facilitate once-daily dosing, enhancing patient adherence to therapy [6–8]. 

Table 1. Classification of fluoroquinolones by generation. 

Generation Agents Half Life Comments 

1st Nalidixic acid 4–6 h Prototypical quinolone; limited use in dermatology 

2nd 
Ciprofloxacin, Norfloxacin, Oflox-

acin, Nadifloxacin (topical) 
6–8 h 

Enhanced Gram-negative coverage; common in SSTIs; 

Used off-label topically for skin infections like Pseudomo-

nas nail (nadifloxacin) 

3rd Levofloxacin, Moxifloxacin 8–10 h Expanded Gram-positive coverage; once-daily dosing 

4th Delafloxacin, Trovafloxacin 10–12 h 
Broad-spectrum, including MRSA and anaerobes; acidic 

pH activity (delafloxacin) 

Fourth-generation FQs, such as delafloxacin and trovafloxacin, offer enhanced effi-

cacy against resistant Gram-positive pathogens and anaerobic bacteria. Delafloxacin, in 

particular, has unique changes in chemical structures that differentiate it from other FQs. 

It has a substituted heteroaromatic ring at the N1 position, which increases its surface area 

and enhances its antibacterial activity compared to other FQs. It has weak polarity at the 

C8 position, which is thought to increase effectiveness against quinolone-resistant Gram-pos-

itive bacteria. Furthermore, it lacks a basic group at the C7 position, making it weakly acidic 

and more active in acidic environments like those found in acute bacterial skin and skin struc-

ture infections (ABSSSIs) [9]. Fourth-generation FQs are particularly effective against S. aureus, 

including methicillin-resistant S. aureus (MRSA), S. pyogenes, S. agalactiae, E. coli, K. pneumoniae, 

and P. aeruginosa. Their broad-spectrum activity makes them useful when treating compli-

cated skin and soft tissue infections (SSTIs), especially those involving mixed aerobic and an-

aerobic pathogens or severe cases such as diabetic foot infections [10–13]. 

2.1. Mechanism of Action 

FQs exert their antibacterial effects by targeting DNA gyrase and topoisomerase IV, 

both critical for bacterial DNA replication and transcription. These agents irreversibly sta-

bilize the DNA-enzyme complex, disrupting the progression of the DNA replication fork 

and leading to the accumulation of double-strand breaks in the bacterial chromosome 

(Figure 1) [14]. The formation of ternary complexes, drug-enzyme-DNA, prevents the re-

ligation of cleaved DNA strands, resulting in lethal double-strand breaks and bacterial 

cell death [15–17]. In Gram-negative bacteria, DNA gyrase is typically the primary target, 

whereas topoisomerase IV is more frequently targeted in Gram-positive bacteria [14]. 

Moreover, FQs also induce the production of reactive oxygen species (ROS), leading to 

oxidative damage to bacterial DNA, proteins, and lipids, exacerbating the effects of DNA 

strand breaks [18,19]. These mechanisms merely suppress bacterial growth without caus-

ing immediate cell death, unlike FQs, which induce lethal DNA damage and oxidative 

stress, resulting in rapid bacterial killing [20]. 

2.2. Fluoroquinolone Resistance 

Resistance to FQs is multifactorial and continues to rise globally, limiting their clini-

cal utility. The most prevalent mechanism involves mutations in the quinolone resistance-

determining regions (QRDRs) of genes encoding DNA gyrase (gyrA, gyrB) and topoiso-

merase IV (parC, parE) [21]. In Gram-negative bacteria such as E. coli, primary resistance 

arises from gyrA mutations, often at Ser83, while secondary parC mutations amplify re-

sistance. These strains may also upregulate the AcrAB-TolC efflux pump or lose outer 

membrane porins, further reducing susceptibility. In Gram-positive organisms such as S. 
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aureus and S. pneumoniae, resistance stems from mutations in grlA, grlB, and gyrA, with 

dual mutations driving high-level resistance. Efflux pumps such as NorA and PatAB also 

contribute. Plasmid-mediated quinolone resistance (PMQR) genes, including qnr, aac(6′)-

Ib-cr, qepA, and oqxAB, are common in Gram-negative species and can spread horizon-

tally. These plasmids often carry additional resistance genes, meaning that even the use 

of unrelated antibiotics can help maintain FQ resistance. Notably, some resistance muta-

tions impose little to no fitness cost, allowing resistant strains to persist even without FQ 

exposure [21]. 

 

Figure 1. Fluoroquinolones target DNA gyrase in Gram-negative and topoisomerase IV in Gram-

positive bacteria, leading to irreversible DNA breaks and cell death. Credit to bioicons.com for the 

icons in this figure. 

2.3. Pharmacokinetics 

With generally high oral absorption and bioavailability, oral administration of FQ is 

extremely effective [22]. Newer-generation FQs exhibit excellent oral bioavailability, typ-

ically exceeding 85%, whereas ciprofloxacin, a second-generation FQ, has a reported oral 

bioavailability ranging from 55% to 88% [23,24]. They exhibit extensive tissue penetration, 

with volumes of distribution greater than 1.5 L/kg and tissue concentration often exceed-

ing that of plasma [22]. Peak plasma concentrations are typically attained within two 

hours of oral administration, with elimination half-lives ranging from 6 to 12 h, allowing 

for once-daily dosing in most patients with normal renal function [22,23]. FQs are metab-

olized differently based on the agent. For example, while levofloxacin is largely excreted 

unchanged in the urine, requiring dosage adjustments in patients with renal impairment, 

moxifloxacin undergoes hepatic metabolism [23]. Systemic administration of FQs allows 

for broader tissue distribution but at lower concentrations. This is advantageous for 
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treating widespread infections by ensuring extensive tissue penetration. However, it also 

increases the risk of systemic adverse effects and the potential for antibiotic resistance. Con-

versely, topical formulations deliver high local concentrations, making them highly effective 

for treating localized infections such as external otitis and mild skin infections. This approach 

minimizes systemic side effects and reduces the risk of resistance development [7,25]. 

2.4. Anti-Inflammatory Properties 

While the anti-inflammatory properties of FQs are evident in various studies, their 

clinical application as anti-inflammatory agents remains limited. FQs have been shown to 

reduce the production of key pro-inflammatory cytokines, including interleukin-1β (IL-

1β), tumor necrosis factor-alpha (TNF-α), and interleukin-6 (IL-6). For instance, levoflox-

acin has been demonstrated to decrease these cytokines in human peripheral blood mon-

onuclear cells [26]. A study found that ciprofloxacin and levofloxacin can inhibit the acti-

vation of the Toll-like receptor 4 (TLR4) and nuclear factor kappa-light-chain-enhancer of 

activated B cells (NF-κB) pathway in microglial cells [27]. This suppression leads to a de-

crease in the release of pro-inflammatory cytokines, suggesting a mechanism for their 

anti-inflammatory effects. They have been reported to inhibit the production of interleu-

kin-1 and TNF-α while enhancing the synthesis of colony-stimulating factors, which play 

a role in hematopoiesis [28]. Overall, FQs exhibit anti-inflammatory effects through the 

inhibition of pro-inflammatory cytokines, suppression of key inflammatory signaling 

pathways, and modulation of immune responses. However, further clinical research is 

necessary to fully understand and harness these properties in therapeutic settings. 

3. Clinical Indications in Dermatology 

FQs are infrequently prescribed by dermatologists compared to other antibiotic clas-

ses, typically reserved for bacterial SSTIs involving Gram-negative and resistant organ-

isms. Their excellent tissue penetration, broad-spectrum activity, and oral bioavailability 

make them a practical choice in cases where first-line agents fail. However, their use must 

be balanced against emerging antimicrobial resistance and safety concerns [29]. Tables 2–

4 lists infections that can be treated with FQs, either as monotherapy or in combination 

with other antibiotics, adapted from the 2014 Infectious Diseases Society of America 

(IDSA) clinical practice guidelines for SSTIs along with updated information from the 

2024 IDSA recommendations for the treatment of antimicrobial resistant Gram-negative 

infections [30,31]. These tables are grouped by clinical context: necrotizing, surgical site, 

and deep soft tissue infections (Table 2), zoonotic and vector-borne infections (Table 3), 

and atypical and opportunistic pathogens (Table 4). Delafloxacin, a fourth-generation FQ 

with U.S. Food and Drug Administration (FDA) approval in 2017 for ABSSSIs, is notably 

not included as the guidelines were published before its approval for use [12]. 

Table 2. Fluoroquinolone agents and dosing in necrotizing, surgical site, and deep soft tissue infections. 

Indication Regimen(s) Target(s) Evidence Notes 

Incisional surgical site 

infections following 

operations on the ax-

illa, perineum, or fe-

male genital tract 

Combination therapy 

• Ciprofloxacin 400 mg IV every 12 h or 750 mg PO 

every 12 h + metronidazole 500 mg every 8 h IV 

• Levofloxacin 750 mg IV every 24 h + metronidazole 

500 mg every 8 h IV 

Surgery of the axilla or the perineum ^ 

• Metronidazole 500 mg every 8 h IV + Ciprofloxa-

cin 400 mg IV every 12 h or 750 mg PO every 12 h 

• Levofloxacin 750 mg every 24 h IV po 

Gram-negative 

bacteria and an-

aerobes 

Strong, 

low 
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Treatment of necrotiz-

ing infections of the 

skin 

Antimicrobial Agent for Patients with Severe Penicillin 

Hypersensitivity 

• Clindamycin or metronidazole * with an amino-

glycoside or fluoroquinolone 

Mixed Infections   

Treatment of necrotiz-

ing infections of the 

skin 

• Doxycycline (100 mg every 12 h IV) 

plus 

• Ciprofloxacin (400 mg every 12 h IV) 

or 

• Ceftriaxone (1 to 2 g every 24 h IV) 

Aeromonas hy-

drophila 
 

Not recommended for 

children, but may 

need to use in life-

threatening situations. 

^ May also need to cover for methicillin-resistant S. aureus with vancomycin 15 mg/kg every 12 h. * 

If Staphylococcus is present or suspected, add an appropriate agent. 

Table 3. Fluoroquinolone agents, dosing in in atypical and opportunistic pathogens. 

Indication Regimen(s) Target(s) Evidence Notes 

Patients with SSTIs dur-

ing the initial episode of 

fever and neutropenia 

• Ciprofloxacin and amoxicillin-clavu-

lanate PO for low-risk patients 

• Levofloxacin therapy 750 mg PO 

daily may be considered 

• For 7–14 days 

  

If fluoroquinolones are used 

for prophylaxis, broad-spec-

trum β-lactam antibiotics 

should be used for empiric 

therapy 

Cutaneous Nocardia 
• Extended-spectrum fluoroquinolones 

(eg, moxifloxacin) for 6–24 months 

Nocardia farcinica, No-

cardia brasiliensis, and 

other Nocardia species 

 

Combine with other agents 

for patients with severe infec-

tions or profound/lasting im-

munodeficiency 

Table 4. Fluoroquinolone agents and dosing in zoonotic and vector-borne infections. 

Indication Regimen(s) Target(s) Evidence Notes 

Infected animal 

bite-related 

wounds 

• Ciprofloxacin 

500–750 mg PO bid 

or 400 mg IV every 12 h 

• Levofloxacin 

750 mg PO or IV daily 

• Moxifloxacin 

400 mg po or IV daily 

Good activity against 

Pasturella multocida; 

lacks activity against 

MRSA and some an-

aerobes 

Strong, 

moderate 

• Moxifloxacin may be used as monotherapy; 

effective for anaerobes as well 

• Can be combined with metronidazole for 

human bites (moxifloxacin may be used 

as monotherapy) if there is a history of 

hypersensitivity to β-lactam antibiotics 

Cutaneous an-

thrax 

Ciprofloxacin 500 mg PO bid or 

levofloxacin 500 mg IV/PO every 

24 h × 60 days is recommended 

for bioterrorism cases because of 

presumed aerosol exposure 

Bacillus anthracis 
Strong, 

low 

• PO vs. IV therapy and dosage are depend-

ent on the severity of the illness (esti-

mated by the amount of edema) 

• Gatifloxacin or moxifloxacin is also likely 

to be effective 

Erysipeloid Fluoroquinolones 
Erysipelothrix rhusiopa-

thiae 
 

• Option for those with penicillin intoler-

ance 

Glanders 
Ciprofloxacin 400 mg IV every 8 

h or 750 mg PO every 12 h 
Burkholderia mallei 

Strong, 

low 

• Type of fluoroquinolone based on 2014 

IDSA guidelines for skin and soft tissue 

infections 

• Dosage based on 2024 IDSA guidelines 

for the treatment of antimicrobial-re-

sistant gram-negative infections 

Bubonic plague 

Ciprofloxacin for 10–14 days 

Other fluoroquinolones may be 

effective 

Yersinia pestis  
• Evidence is based on in vitro susceptibili-

ties and murine models 

Tularemia 

Levofloxacin 500 mg PO daily or 

ciprofloxacin 750 mg PO bid for 

at least 14 days 

Francisella tularensis  • For cases of mild to moderate illness 
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3.1. Common Skin and Soft Tissue Infections 

3.1.1. Cellulitis 

Cellulitis, a common bacterial SSTI that presents with localized skin erythema, 

edema, and tenderness to palpation, is caused predominantly by Gram-positive organ-

isms. It most often occurs in middle-aged and older adults and is typically treated with 

beta-lactam antibiotics such as cephalexin or dicloxacillin [32]. However, in patients with 

beta-lactam allergies or suspected Gram-negative involvement, doxycycline with an FQ 

such as ciprofloxacin for five days serves as a viable alternative [30]. Some studies suggest 

their efficacy in polymicrobial cellulitis, particularly in cases complicated by anaerobic 

bacteria or P. aeruginosa [33]. 

3.1.2. Impetigo 

Impetigo is a highly transmissible superficial bacterial skin infection, predominantly 

affecting children, with S. aureus and S. pyogenes as causative organisms [34]. While mild 

cases are often managed with topical antibiotics, increasing resistance, particularly to 

mupirocin and fusidic acid [35], has led to the exploration of novel agents. Ozenoxacin 1% 

cream, a topical non-fluorinated quinolone, has demonstrated potent bactericidal activity 

and a favorable safety profile in both pediatric and adult populations. It is FDA-approved 

for the treatment of non-bullous and bullous impetigo in patients 2 months and older [36]. 

Ozenoxacin has shown in vitro efficacy against MRSA, excellent skin penetration, and a 

low propensity for resistance development. Given its twice-daily dosing and short 5-day 

treatment course, ozenoxacin offers a practical and effective option for managing localized 

impetigo, helping reduce reliance on systemic antibiotics and supporting antimicrobial 

stewardship [37]. 

3.1.3. Pseudomonas Infections 

FQs, particularly ciprofloxacin, exhibit high activity against P. aeruginosa and are fre-

quently used in persistent Pseudomonas folliculitis, colloquially known as hot tub follicu-

litis [29]. Ciprofloxacin is also used for Gram-negative toe web infections and severe cases 

of Pseudomonas nail infections [38,39]. Topical nadifloxacin cream has shown efficacy with 

off-label use for Pseudomonas nail infections [40]. In more severe cases, such as diabetic 

foot infections, FQs are often incorporated into multidrug regimens to target resistant 

Pseudomonas strains [41]. Their excellent tissue penetration makes them a strong candidate 

in ischemic diabetic foot ulcers, where antibiotic delivery is limited [30]. 

3.1.4. Necrotizing Fasciitis 

FQs are generally not first-line agents for necrotizing fasciitis—positioned behind 

broad-spectrum antibiotics such as vancomycin or linezolid plus piperacillin-tazobactam, 

a carbapenem, or ceftriaxone and metronidazole—but they may be used in combination 

therapy when Gram-negative and anaerobic involvement is suspected [30]. Given their 

potent deep tissue penetration, FQs like moxifloxacin have been considered in specific 

cases, particularly in polymicrobial infections involving Pseudomonas and Klebsiella species 

[42]. Ciprofloxacin can also be given 400 mg every 12 h IV in combination with doxycy-

cline for the treatment of necrotizing infections of the skin [30]. Examples of regimens 

used in necrotizing fasciitis and deep surgical infections, including combination ap-

proaches for polymicrobial pathogens, are shown in Table 2. 

3.1.5. Diabetic Foot Infections 

Patients with diabetes are at increased risk for multidrug-resistant infections, partic-

ularly those involving P. aeruginosa or other Gram-negative bacilli [29]. Ciprofloxacin and 
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moxifloxacin have demonstrated efficacy in deep or chronic diabetic foot ulcers, especially 

in patients with ischemic limb disease, where alternative agents may have difficulty pen-

etrating tissue [43]. 

3.2. Atypical and Opportunistic Infections 

3.2.1. Atypical Mycobacterial Infections 

FQs have shown activity against certain atypical mycobacteria, including Mycobacte-

rium marinum, making them an adjunctive option in cutaneous mycobacterial infections 

[44]. Their use is particularly relevant in immunocompromised hosts, where infections 

can be severe and refractory to standard therapies [29]. 

3.2.2. Gram-Negative Bacilli in Immunocompromised Hosts 

Immunosuppressed patients, including solid organ transplant recipients, are at 

higher risk for multidrug-resistant Gram-negative infections affecting the skin. FQs are 

sometimes used as prophylactic agents in these populations to prevent Pseudomonas infec-

tions [45]. Selected prophylactic and therapeutic uses of FQs for atypical and opportunis-

tic pathogens, including Gram-negative SSTIs, are shown in Table 3. 

3.3. Special Dermatological Conditions 

3.3.1. Burn Wound Infections 

FQs, particularly intravenous ciprofloxacin, have demonstrated efficacy in burn 

wound infections caused by P. aeruginosa and Acinetobacter species. Their use is particu-

larly valuable in severely burned or immunocompromised patients, where Gram-nega-

tive infections can be life-threatening [46]. 

3.3.2. Acne Vulgaris 

FQs are not first-line antibiotic treatments for acne vulgaris [29]; the prescribing of 

oral tetracyclines accounts for about three-fourths of all prescriptions [47]. FQs have been 

utilized in rare cases of Gram-negative folliculitis, particularly in patients with long-term 

antibiotic exposure leading to resistant cutaneous infections [29]. 

3.3.3. Surgical Prophylaxis 

Routine use of FQs for surgical prophylaxis is not recommended due to resistance 

concerns and safety risks. However, in select high-risk cases, such as Mohs surgery in 

immunosuppressed patients, their use has been considered [30]. 

3.3.4. Hidradenitis Suppurativa (HS) 

Moxifloxacin, an FQ, used in combination with rifampin and metronidazole, has 

shown benefits in softening hypertrophic scars and reduction in pain, erythema, and 

drainage in 6/6, 8/10, and 2/12 patients with Hurley stage I, II, and III HS, respectively [48]. 

For patients with more advanced HS (Hurley stages II and III), a combination of ofloxacin 

and clindamycin is recommended [49]. 

3.3.5. Zoonotic and Vector-Borne Infections 

Zoonotic and vector-borne dermatologic infections treatable with FQs, such as an-

thrax, tularemia, and glanders, are detailed in Table 4. 
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4. Safety Profile and Risk Management 

4.1. Adverse Effects (Table 5) 

4.1.1. Tendinopathy and Tendon Rupture 

One of the most well-documented risks of FQs is tendinopathy, particularly affecting 

the Achilles tendon [50]. These odds are significantly elevated in patients over 60 years of 

age (OR 8.3 vs. 1.6) and those taking concomitant oral glucocorticoids (OR 9.1 vs. 3.2) [51]. 

The mechanism involves collagen degradation via matrix metalloproteinases, leading to 

weakened tendons and an increased likelihood of rupture [52]. 

Table 5. Adverse effects and safety warnings associated with fluoroquinolones and management 

recommendations. 

Adverse Effect Clinical Features/Risk Factors Management Recommendations 

Tendinopathy and Tendon 

Rupture 

Achilles tendon is most affected; risk factors: age > 

60, corticosteroids, renal failure, diabetes, muscu-

loskeletal disorders 

Immediately discontinue FQ; orthopedic referral, 

imaging, physical therapy; avoid physical activity 

QT Interval Prolongation 

Risk factors: hypokalemia, bradycardia, increased 

age, concurrent QT-prolonging drugs (macrolides, 

antipsychotics) 

Baseline and follow-up ECG; discontinue FQ if 

QTc > 500 ms 

Photosensitivity 
Severe sunburn, erythema, blistering, edema (no-

tably ciprofloxacin, lomefloxacin) 

Avoid sun exposure; use protective clothing and 

broad-spectrum sunscreen; topical/systemic corti-

costeroids; discontinue FQ 

Gastrointestinal and Neuro-

logical 

Nausea, vomiting, dizziness, headaches; rare se-

vere effects: hallucinations, confusion, seizures 

(especially elderly); chronic FQAD symptoms 

Symptomatic management; discontinue FQ if se-

vere neuropsychiatric symptoms occur 

Hypo- and Hyperglycemia 

Glucose homeostasis disruption; hypoglycemia 

(insulin-dependent diabetics), hyperglycemia 

(non-diabetics) 

Monitor blood glucose closely; adjust diabetic 

medications accordingly 

Aortic Aneurysm and Aortic 

Dissection 

Chest, abdominal, or back pain; risk factors: con-

nective tissue disorders (e.g., pseudoxanthoma 

elasticum, Ehlers-Danlos syndrome, Marfan syn-

drome), history of obstructions or aneurysms of 

the aorta or other blood vessels, hypertension, ge-

netic disorders that involve blood vessel changes, 

and advanced age 

Monitor for chest, abdominal, or back pain occur-

ring within two months of starting an FQ 

Factors that increase the risk of FQ-induced tendinopathy include advanced age, cor-

ticosteroid therapy, renal failure, diabetes mellitus, and a history of musculoskeletal dis-

orders [53]. Patients should be advised to report any new tendon or joint pain promptly. 

If symptoms develop, FQ therapy should be immediately discontinued, and the patient 

should be referred for imaging, orthopedic evaluation, and initiation of physical therapy 

[54]. Additionally, the patient should be advised to avoid physical activity to prevent fur-

ther tendon damage [55]. Tendinosis usually resolves within several weeks, often by two 

months after cessation of FQ therapy [53]. Early recognition of symptoms, along with 

prompt discontinuation of the medication and appropriate supportive care, may prevent 

tendon rupture [54]. 

4.1.2. QT Interval Prolongation 

FQs indirectly block human delayed-rectifier potassium channels, which can prolong 

the QT interval and increase the risk of torsades de pointes, a potentially fatal arrhythmia 

[30,56]. Risk factors include hypokalemia, bradycardia, increased age, and concurrent use 

of other QT-prolonging agents (e.g., macrolides and antipsychotics). These patients 

should obtain a baseline 12-lead ECG to assess QTc interval, with ongoing monitoring 

through comparison with subsequent ECGs [57]. The normal values for QTc range 
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between 350 to 450 ms for adult men and 360 to 460 ms for adult women [58]. If the QTc 

interval exceeds 500 ms, the FQ should be discontinued, as reviews of studies and expert 

opinions highlight the increased risk of torsades de pointes [59]. Although QTc prolonga-

tion criteria have been recommended, there is no firmly established threshold considered 

free of proarrhythmic risk [60]. 

4.1.3. Photosensitivity 

There are two types of photosensitivity reactions associated with FQ use. Phototoxi-

city is the more common reaction and occurs when FQs absorb UV-A light, leading to the 

generation of reactive oxygen species (ROS). These ROS cause direct cellular damage, in-

cluding protein oxidation, lipid peroxidation, and DNA strand breaks [61]. They present 

as exaggerated sunburns as the skin becomes erythematous and edematous, and may de-

velop bullae, usually confined to sun-exposed areas such as the face, neck, and arms. 

Another type of reaction is photoallergy, an immunologically mediated reaction that 

occurs upon exposure to UV light that causes FQs to form UV-induced protein-drug com-

plexes with skin proteins, creating new antigens. These antigens may trigger a delayed 

hypersensitivity reaction involving T cells [62]. Photoallergic reactions resemble eczema-

tous dermatitis and, unlike phototoxic reactions, can spread beyond sun-exposed areas. 

The onset of these reactions differs, as phototoxic reactions typically occur within minutes 

to hours after UV exposure. Meanwhile, photoallergic reactions have a delayed onset, typ-

ically occurring 24–72 h after UV exposure. 

FQs have varying degrees of phototoxicity assessed by measuring the minimal ery-

thema dose (MED), the lowest dose of UV radiation that causes erythema of the skin. A 

study comparing sitafloxacin, sparfloxacin, enoxacin, and levofloxacin demonstrated var-

ying degrees of phototoxic potential. Sparfloxacin exhibited a severe reduction in MED, 

indicating high phototoxic potential and less UV exposure needed to cause sunburn. 

Enoxacin showed moderate phototoxicity while sitafloxacin had mild phototoxic effects. 

Levofloxacin did not demonstrate any phototoxicity [63]. The variability is influenced by 

their chemical structure. For example, FQs with a halogen atom at position 8, such as 

lomefloxacin and sparfloxacin, were found to have higher phototoxic potential [64]. Se-

vere phototoxic reactions, associated with ciprofloxacin and lomefloxacin, lead to intense 

sunburns and blistering after UV-A exposure [29]. A study found that FQs can generate 

singlet oxygen and superoxide anion upon exposure to UV light [61]. Another study 

demonstrated UV-A radiation enhancement of the cytotoxic effects of lomefloxacin, which 

is associated with decreased superoxide dismutase (SOD) activity and increased catalase 

(CAT) and glutathione peroxidase (GPx) activities, indicating oxidative stress [65]. This 

suggests ROS-mediated damage is a key factor in phototoxicity with FQs. There is a the-

oretical risk in the release of fluoride ions during the photodecomposition of FQs as a 

mechanism of their potent phototoxic properties, but there is no direct evidence linking 

fluoride ions to hypersensitivity reactions. 

To mitigate this complication, patients should be advised to wear protective clothing, 

avoid sun exposure and artificial UV radiation sources, and use broad-spectrum sun-

screens. If patients develop photosensitivity reactions, such as erythema, blistering, or 

edema, the FQ should be discontinued immediately to avoid further phototoxic damage 

[66]. These symptoms should be managed with topical corticosteroids to reduce inflam-

mation, and in severe cases, systemic corticosteroids may be considered [67]. 

4.1.4. Gastrointestinal and Neurological Effects 

Common adverse effects include nausea, vomiting, dizziness, and headaches. Rare 

but severe neuropsychiatric effects include hallucinations, confusion, and seizures, par-

ticularly in elderly patients [68]. In recent years, chronic symptoms affecting 
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musculoskeletal, neurological, and cognitive functions have been linked to FQ use. Alt-

hough rare, fluoroquinolone-associated disability (FQAD) has led to increased regulatory 

scrutiny and legal actions [69]. 

4.1.5. Hypo- and Hyperglycemia 

FQs interfere with glucose homeostasis, leading to hypoglycemia in insulin-depend-

ent diabetics and hyperglycemia in non-diabetics [70]. Research has indicated that fluoro-

quinolones may lower blood glucose levels by enhancing insulin secretion. This appears 

to occur through the inhibition of ATP-sensitive potassium channels in pancreatic beta 

cells [71,72]. However, the clinical relevance of this hypoglycemic effect likely varies de-

pending on the individual’s ability to maintain glucose homeostasis. In contrast, the exact 

cause of fluoroquinolone-associated hyperglycemia remains unclear, though one possible 

explanation is excessive drug accumulation in patients with impaired kidney function due 

to inadequate dose adjustment [73]. 

4.1.6. Aortic Aneurysm and Aortic Dissection 

FQ usage was found to be associated with aortic aneurysms and aortic dissection 

[74]. This risk is particularly important in dermatology patients with underlying connec-

tive tissue disorders (e.g., pseudoxanthoma elasticum, Ehlers-Danlos syndrome, Marfan 

syndrome) who might be at higher risk. A patient history of obstructions or aneurysms of 

the aorta or other blood vessels, hypertension, genetic disorders that involve blood vessel 

changes, and advanced age may warrant alternative antibiotics. Patients should be coun-

seled to watch for sudden onset of chest, abdominal, or back pain [75]. 

4.2. Box Warnings and Regulatory Considerations 

Given the safety concerns and regulations surrounding FQs, their use in dermatology 

should be selective. Prescribers must weigh clinical necessity against the risk of long-term 

toxicity. Below are key strategies to mitigate adverse effects while preserving efficacy. 

The FDA has strengthened its warnings on FQs, particularly regarding tendon rup-

ture, neurotoxicity, and glucose dysregulation [76]. Tendinopathy related to FQ use has 

been observed to develop anytime from several hours to several months after starting the 

medication, with the median onset occurring around six days [77]. Peripheral neuropathy 

has a relative incidence that is highest while the patient is taking an oral FQ (adjusted 

incidence rate ratio [aIRR], 1.47; 95% CI, 1.13–1.92) and remains significantly increased up 

to 180 days after FQ exposure (aIRR, 1.25; 95% CI, 1.03–1.51) [78]. Hypoglycemia can occur 

within hours to days of FQ administration, particularly in patients with diabetes [79,80]. 

Dermatologists must carefully weigh these risks when considering FQ therapy. 

4.3. Risk Mitigation Strategies 

Given the serious safety concerns associated with FQs, their use in dermatology 

should be selective. The key to safe prescribing lies in careful patient selection, dose opti-

mization, patient education, and close monitoring [81]. 

First, patient screening is critical. FQs should be avoided in those with a history of 

tendon rupture or chronic musculoskeletal disorders, and those on concurrent corticoster-

oids, which significantly heighten tendon toxicity risk [82]. Patients with cardiac condi-

tions should also be assessed, as these antibiotics can prolong the QT interval and increase 

the risk of fatal arrhythmias, particularly in those taking other QT-prolonging medications 

(e.g., ondansetron, haloperidol, citalopram, erythromycin) [81,83]. In diabetic patients, 

FQs have been linked to glucose dysregulation, requiring closer monitoring [84]. 

Dosing and route selection also matter. When possible, topical formulations should 

be used over oral to minimize systemic exposure, as seen with ciprofloxacin ear drops for 
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external otitis [46]. When oral therapy is necessary, the shortest effective course should be 

used, as prolonged exposure dramatically increases the risk of tendinopathy, neurotoxi-

city, and dysglycemia [85]. 

Educating patients is essential. They should be explicitly warned about the risk of 

tendon rupture, nerve damage, and phototoxicity. If new-onset joint pain, numbness, or 

burning sensations occur, the medication should be discontinued immediately. Patients 

should also be counseled on strict sun protection, especially when taking ciprofloxacin or 

lomefloxacin, as these drugs significantly increase UV sensitivity [82]. 

Active monitoring can prevent long-term disability. High-risk patients should be fol-

lowed closely, and any signs of musculoskeletal, neurologic, or cardiac toxicity should 

prompt immediate discontinuation [85]. FQ toxicity is often irreversible, making early 

recognition crucial [86]. Clinicians should also remain updated on emerging safety data, 

as post-marketing surveillance continues to uncover new risks.[81]. 

Ultimately, FQs should be reserved for cases where their benefits outweigh their 

risks. Dermatologists must be mindful of growing antimicrobial resistance and regulatory 

restrictions, ensuring that these drugs are used only when necessary. 

5. Antibiotic Stewardship in Dermatology 

Dermatologists account for an estimated 5.4 million antibiotic prescriptions annually, 

making them among the highest outpatient antibiotic prescribers by specialty [87]. How-

ever, fluoroquinolones are relatively rarely used in dermatology, primarily reserved for 

more severe SSTIs [88]. Stewardship efforts remain essential across all antibiotic classes, 

including FQs, given their potential for resistance and adverse effects. 

Resistance patterns to FQs have been observed both in the U.S. and globally, partic-

ularly in P. aeruginosa, E. coli, and S. aureus [89,90]. Bacteria develop fluoroquinolone re-

sistance through multiple mechanisms, including mutations in genes encoding DNA gy-

rase and topoisomerase IV (the primary FQ targets), upregulation of efflux pumps, de-

creased membrane permeability, and plasmid-mediated resistance [21]. Optimal use of 

FQs includes culture-guided therapy, appropriate dosing and duration, and regular reas-

sessment to enable de-escalation or discontinuation when indicated. Pre-prescription ap-

proval strategies, such as requiring authorization before prescribing FQs and reviewing 

prescriptions post-prescription to ensure appropriateness, have been shown to reduce FQ 

usage [91]. Additionally, implementing syndrome-specific interventions can reduce un-

necessary FQ use [92]. The FDA has issued multiple safety warnings regarding FQs and 

recommends avoiding their use for uncomplicated infections when effective alternative 

treatments are available [93]. The use of FQs should be guided by susceptibility date and 

clinical necessity. Dermatologists play a key role in antibiotic stewardship by educating 

patients, promoting evidence-based prescribing, using narrow-spectrum agents when fea-

sible, and contributing to institutional stewardship programs [30,94]. 

6. Special Patient Populations and Considerations 

The use of FQs in dermatology necessitates careful consideration in specific patient 

populations due to potential adverse effects and varying pharmacokinetics. 

6.1. Geriatric Patients 

6.1.1. Dosing Adjustments 

In elderly patients, renal function often declines with age, leading to reduced clear-

ance of renally excreted drugs like FQs. This necessitates dose adjustments to prevent ac-

cumulation and toxicity. Additionally, polypharmacy is common in this population, in-

creasing the risk of drug–drug interactions. For instance, FQs can inhibit cytochrome P450 
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enzymes, potentially leading to elevated levels of co-administered drugs metabolized by 

these pathways. Careful medication reconciliation and monitoring are essential to miti-

gate these risks [95]. 

Elderly patients are at an increased risk for FQ-associated tendinopathy and tendon 

rupture, particularly those concurrently using corticosteroids. The risk is further height-

ened in individuals with chronic renal failure. Moreover, FQs have been associated with 

QT interval prolongation, which can precipitate life-threatening arrhythmias, especially 

in patients with existing cardiac conditions or those taking other QT-prolonging medica-

tions. Therefore, these antibiotics should be used with caution in this population [96,97]. 

6.1.2. Medication Adherence 

Elderly patients, particularly those reliant on caregivers, may face challenges with 

medication adherence, especially with complex dosing regimens like four times daily (i.e., 

QID). Simplifying dosing schedules, providing clear instructions, and involving caregiv-

ers in the treatment plan can enhance adherence and therapeutic outcomes. 

6.2. Patients with Rheumatologic–Dermatologic Diseases 

Patients with rheumatologic conditions such as psoriatic arthritis and rheumatoid 

arthritis inherently have an increased risk of tendon inflammation. The use of FQs in these 

individuals requires additional caution due to the potential exacerbation of tendinopathy, 

necessitating vigilant monitoring for tendon-related symptoms. Additionally, the concur-

rent use of corticosteroids and FQs has been associated with an increased risk of tendon 

rupture. Clinicians should weigh the benefits against the risks and consider alternative 

antibiotics when appropriate. 

6.3. Immunocompromised Patients 

Immunocompromised individuals are more susceptible to atypical and severe infec-

tions. While FQs offer broad-spectrum coverage, their use should be guided by culture 

and sensitivity results to ensure efficacy and reduce the risk of resistance. 

In immunocompromised patients, the need for broad-spectrum antibiotic coverage 

must be balanced against the potential for adverse effects. Close monitoring for toxicity 

and therapeutic efficacy is crucial in this population. 

6.4. Pediatric Patients 

Traditionally, FQs have been contraindicated in children due to concerns about ar-

ticular cartilage damage. However, some experts, including the American Academy of 

Pediatrics, suggest that these antibiotics can be considered as second-line agents in specific 

situations where no reasonable alternatives exist [98]. Notably, a national retrospective 

cohort study found no increased risk of Achilles tendinopathy in children under eight 

years of age treated with FQs for pneumonia, indicating that the risk may be lower than 

previously thought [99]. 

6.5. Pregnant Populations 

The use of FQs during pregnancy has been a subject of debate, despite the lack of 

teratogenic effects observed in animal studies [100,101]. Human studies have not consist-

ently demonstrated an increased risk of major malformations [102,103]. Regardless, FQs 

are typically avoided during pregnancy unless no safer alternatives are available. 
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6.6. Patients with Seizure Disorders 

FQs are thought to inhibit GABA-A receptors in the CNS, increasing excitatory sig-

naling and lowering the seizure threshold [104]. This is particularly true in patients with 

predisposing factors such as epilepsy, severe cerebral atherosclerosis, or other CNS disor-

ders [105]. The FDA considers FQs to be a relative contraindication in patients with known 

or suspected CNS disorders [106,107]. 

7. Discussion 

7.1. Clinical Decision-Making 

FQs remain an important treatment option in dermatology for SSTIs, particularly 

those involving Gram-negative or resistant organisms [3,30]. Their broad spectrum of ac-

tivity, high oral bioavailability, and tissue penetration make them especially beneficial in 

complex infections, including diabetic foot wounds and Pseudomonas-related conditions. 

However, when prescribing FQs, dermatologists must navigate a delicate balance be-

tween clinical efficacy and the potential for significant adverse effects, such as tendinopa-

thy, QT interval prolongation, and neurotoxicity, as well as concerns over growing anti-

microbial resistance [4]. 

From a practical standpoint, clinicians should primarily consider FQs for patients 

with documented Gram-negative infections or when standard first-line agents fail or are 

contraindicated. In selecting a specific FQ, clinicians must account for local resistance pat-

terns, individual patient comorbidities, and potential drug–drug interactions, especially 

in older adults with multiple medications. In many cases, topical FQs provide a targeted, 

high local concentration with reduced systemic exposure, thus mitigating some of the 

most worrisome adverse effects [7,25]. Ultimately, clinical decision-making must incorpo-

rate not only antimicrobial coverage but also patient-related factors that influence safety, 

tolerability, and compliance. 

7.2. Clinical Pearls 

1. Screen for Risk Factors: Identify patients at higher risk of FQ-related complications, 

such as the elderly, those with tendon disorders, aortic aneurysm risk, or those on 

corticosteroids, and consider alternative therapies if possible; 

2. Shorten Treatment Duration: Whenever clinically feasible, opt for the minimum ef-

fective course to limit adverse events and reduce the likelihood of resistance; 

3. Monitor for Toxicity: Advise patients to watch for early signs of tendon pain, neu-

ropathy, or cardiac symptoms and to stop therapy immediately if they develop these 

symptoms; 

4. Leverage Topical Formulations: In localized infections amenable to topical therapy 

(e.g., chronic otitis externa or mild wound infections), a topical FQ can achieve high 

local concentrations while minimizing systemic effects [7]; 

5. Engage in Stewardship: Confirm bacterial pathogens with cultures and tailor therapy 

to sensitivity results, collaborating with infectious disease specialists or stewardship 

teams as needed. 

7.3. Controversies and Debates 

Debate continues over the role of FQs as first-line vs. second-line agents in dermatol-

ogy. Regulatory bodies, including the FDA, have issued multiple safety communications 

highlighting FQ-associated tendon rupture, neuropathy, and other severe side effects [76]. 

Nevertheless, real-world prescribing patterns suggest that FQs remain an attractive choice 

in scenarios demanding broad-spectrum coverage, especially in severe or polymicrobial 

SSTIs where swift, high-efficacy treatment is paramount [29,85]. The tension lies between 
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recognized toxicities and the clinical benefits in acute, high-stakes infections, such as ne-

crotizing fasciitis or complicated diabetic foot ulcers. 

Another point of debate is whether FQs accelerate resistance more rapidly than other 

antibiotic classes due to their frequent use in both inpatient and outpatient settings. Der-

matologists, who rank among the highest prescribers of outpatient antibiotics, are under 

increasing pressure to adhere to antibiotic stewardship principles to help curb resistance. 

Striking the right balance between the need for immediate, effective therapy and the long-

term implications of emerging resistance remains a core controversy surrounding FQ use 

[87–90,108]. 

7.4. Limitations of Current Evidence 

Despite the extensive literature on FQ pharmacology and its role in infectious dis-

eases, large-scale trials focusing specifically on dermatologic populations are limited 

[3,108]. Much of the evidence supporting FQ use in skin infections has been extrapolated 

from broader clinical studies in internal medicine or smaller case series in dermatology. 

Consequently, knowledge gaps persist regarding optimal dosing strategies, comparative 

effectiveness vs. other antibiotic classes, and the long-term safety of FQs for chronic der-

matologic conditions. Additionally, antimicrobial resistance patterns for dermatologic 

practice outside the US are limited. Future research is necessary to better understand 

global resistance patterns in dermatologic practice. 

Moreover, few robust guidelines address the precise positioning of FQs in managing 

specific skin conditions beyond established indications, such as Pseudomonas infections 

and complicated SSTIs [30]. Additional prospective studies—especially those comparing 

FQs with other antibiotic classes in dermatology-specific cohorts—would provide clearer 

guidance on patient selection, duration of therapy, and risk mitigation strategies. 

Limitations of this literature review include the lack of a standardized quality assess-

ment for peer-reviewed articles that were cited. Additionally, this review relies largely on 

studies not specific to dermatology given the available literature. For information from 

government regulatory agencies, only sources from the United States government were 

included given the primary authors’ familiarity. 

8. Key Takeaways for Dermatologists 

FQs have unique advantages in dermatology, including broad-spectrum coverage, 

high oral bioavailability, and potent activity against problematic Gram-negative organ-

isms. These attributes can be crucial for managing severe or treatment-resistant SSTIs, di-

abetic foot infections, and certain atypical infections. However, the risk of serious adverse 

effects, including tendinopathy, QT interval prolongation, neurotoxicity, and photosensi-

tivity, requires that dermatologists exercise heightened vigilance when selecting and pre-

scribing FQs. 

Antibiotic stewardship principles should guide every step of FQ use, from deciding 

whether an antibiotic is truly necessary to choosing the narrowest effective agent and the 

shortest feasible duration of therapy [87,88,108]. In addition, dermatologists must remain 

updated on evolving resistance patterns and regulatory advisories that may alter the risk-

benefit profile of FQs over time. 

9. Future Directions 

9.1. Research Gaps and Innovation Priorities 

The evolving landscape of dermatologic therapeutics necessitates continuous re-

search to optimize FQ use while mitigating risks. Current literature on FQs in dermatol-

ogy is limited, highlighting the need for prospective studies to evaluate their efficacy and 
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safety in treating SSTIs. Such studies would inform evidence-based guidelines and stew-

ardship interventions, promoting judicious use of FQs in dermatologic practice [108]. 

The development of novel FQ derivatives aims to enhance antimicrobial efficacy 

while reducing adverse effects. Research into these derivatives could yield agents with 

improved safety profiles, expanding therapeutic options in dermatology. 

Advancements in drug delivery systems, such as extended-release and targeted-de-

livery formulations, hold promise for improving the therapeutic index of FQs. These in-

novations could enhance local drug concentrations, minimize systemic exposure, and re-

duce the risk of resistance development [109]. 

9.2. Addressing Resistance and Personalization in Antibiotic Therapy 

Ongoing surveillance of resistance patterns is crucial for informing clinical practice. 

Regular updates to treatment guidelines based on surveillance data ensure that therapeu-

tic strategies remain effective against evolving pathogens [110,111]. 

Integrating pharmacogenomic data and biomarkers into clinical decision-making can 

facilitate personalized antibiotic therapy. This approach allows for tailoring antibiotic se-

lection to individual patient profiles, potentially enhancing efficacy and reducing adverse 

reactions [112]. 

10. Conclusions 

FQs remain valuable therapeutic tools in dermatology, particularly for challenging 

infections requiring broad-spectrum coverage or deep tissue penetration. Yet, their severe 

adverse events and the mounting evidence of fluoroquinolone resistance underscore the 

importance of judicious use. Addressing research gaps, advancing drug formulations, 

monitoring resistance trends, and integrating personalized medicine will be pivotal to op-

timizing their role in dermatological practice. A measured, evidence-based approach—

grounded in patient-specific considerations, stewardship principles, and continuous mon-

itoring—enables dermatologists to harness the benefits of this antibiotic class while mini-

mizing risks. Through prudent prescribing and ongoing education, fluoroquinolones can 

continue to play a pivotal, albeit carefully regulated, role in modern dermatologic practice. 
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Abbreviations 

The following abbreviations are used in this manuscript: 

ABSSSI Acute Bacterial Skin and Skin Structure Infections 

DNA Deoxyribonucleic Acid 

ECG Electrocardiogram 

FDA Food and Drug Administration 

FQ Fluoroquinolone 

FQAD Fluoroquinolone-Associated Disability 

IL-1β Interleukin-1 Beta 

IL-6 Interleukin-6 

IV Intravenous 

MSSA Methicillin-Susceptible Staphylococcus aureus 

MRSA Methicillin-Resistant Staphylococcus aureus 

NF-κB Nuclear Factor Kappa-Light-Chain-Enhancer of Activated B Cells 

PO By Mouth (Per Os) 

QT QT Interval (on Electrocardiogram) 

QTc Corrected QT Interval 

SSTI Skin and Soft Tissue Infection 

SSSIs Skin and Skin Structure Infections 

TNF-α Tumor Necrosis Factor Alpha 

TLR4 Toll-Like Receptor 4 

References 

1. Naeem, A.; Badshah, S.L.; Muska, M.; Ahmad, N.; Khan, K. The Current Case of Quinolones: Synthetic Approaches and Anti-

bacterial Activity. Molecules 2016, 21, 268. https://doi.org/10.3390/molecules21040268. 

2. Stein, G.E. Pharmacokinetics and Pharmacodynamics of Newer Fluoroquinolones. Clin. Infect. Dis. 1996, 23 (Suppl. 1), S19–S24. 

https://doi.org/10.1093/clinids/23.supplement_1.s19. 

3. Martin, S.J.; Zeigler, D.G. The Use of Fluoroquinolones in the Treatment of Skin Infections. Expert Opin. Pharmacother. 2004, 5, 

237–246. https://doi.org/10.1517/14656566.5.2.237. 

4. Stahlmann, R.; Lode, H.M. Risks Associated with the Therapeutic Use of Fluoroquinolones. Expert Opin. Drug Saf. 2013, 12, 497–

505. https://doi.org/10.1517/14740338.2013.796362. 

5. Appelbaum, P.C.; Hunter, P.A. The Fluoroquinolone Antibacterials: Past, Present and Future Perspectives. Int. J. Antimicrob. 

Agents 2000, 16, 5–15. https://doi.org/10.1016/s0924-8579(00)00192-8. 

6. Blondeau, J.M. Expanded Activity and Utility of the New Fluoroquinolones: A Review. Clin. Ther. 1999, 21, 3–40; discussion 1–

2. https://doi.org/10.1016/s0149-2918(00)88266-1. 

7. Blondeau, J.M. The Role of Fluoroquinolones in Skin and Skin Structure Infections. Am. J. Clin. Dermatol. 2002, 3, 37–46. 

https://doi.org/10.2165/00128071-200203010-00004. 

8. Karchmer, A.W. Fluoroquinolone Treatment of Skin and Skin Structure Infections. Drugs 1999, 58 (Suppl. 2), 82–84. 

https://doi.org/10.2165/00003495-199958002-00016. 

9. Tulkens, P.M.; Van Bambeke, F.; Zinner, S.H. Profile of a Novel Anionic Fluoroquinolone-Delafloxacin. Clin. Infect. Dis. 2019, 

68, S213–S222. https://doi.org/10.1093/cid/ciy1079. 

10. McCurdy, S.; Lawrence, L.; Quintas, M.; Woosley, L.; Flamm, R.; Tseng, C.; Cammarata, S. In Vitro Activity of Delafloxacin and 

Microbiological Response against Fluoroquinolone-Susceptible and Nonsusceptible Staphylococcus aureus Isolates from Two 

Phase 3 Studies of Acute Bacterial Skin and Skin Structure Infections. Antimicrob. Agents Chemother. 2017, 61, e00772-17. 

https://doi.org/10.1128/AAC.00772-17. 

11. Bassetti, M.; Della Siega, P.; Pecori, D.; Scarparo, C.; Righi, E. Delafloxacin for the Treatment of Respiratory and Skin Infections. 

Expert Opin. Investig. Drugs 2015, 24, 433–442. https://doi.org/10.1517/13543784.2015.1005205. 

12. Scott, L.J. Delafloxacin: A Review in Acute Bacterial Skin and Skin Structure Infections. Drugs 2020, 80, 1247–1258. 

https://doi.org/10.1007/s40265-020-01358-0. 

13. Mogle, B.T.; Steele, J.M.; Thomas, S.J.; Bohan, K.H.; Kufel, W.D. Clinical Review of Delafloxacin: A Novel Anionic Fluoroquin-

olone. J. Antimicrob. Chemother. 2018, 73, 1439–1451. https://doi.org/10.1093/jac/dkx543. 

14. Hooper, D.C. Mode of Action of Fluoroquinolones. Drugs 1999, 58 (Suppl. 2), 6–10. https://doi.org/10.2165/00003495-199958002-

00002. 



Pharmaceuticals 2025, 18, 800 18 of 22 
 

 

15. Hooper, D.C. Mechanisms of Action and Resistance of Older and Newer Fluoroquinolones. Clin. Infect. Dis. 2000, 31 (Suppl. 2), 

S24–S28. https://doi.org/10.1086/314056. 

16. Hooper, D.C. Mechanisms of Action of Antimicrobials: Focus on Fluoroquinolones. Clin. Infect. Dis. 2001, 32 (Suppl. 1), S9–S15. 

https://doi.org/10.1086/319370. 

17. Bush, N.G.; Diez-Santos, I.; Abbott, L.R.; Maxwell, A. Quinolones: Mechanism, Lethality and Their Contributions to Antibiotic 

Resistance. Molecules 2020, 25, 5662. https://doi.org/10.3390/molecules25235662. 

18. Ferrándiz, M.J.; Martín-Galiano, A.J.; Arnanz, C.; Zimmerman, T.; de la Campa, A.G. Reactive Oxygen Species Contribute to 

the Bactericidal Effects of the Fluoroquinolone Moxifloxacin in Streptococcus pneumoniae. Antimicrob. Agents Chemother. 2016, 60, 

409–417. https://doi.org/10.1128/AAC.02299-15. 

19. Hong, Y.; Li, Q.; Gao, Q.; Xie, J.; Huang, H.; Drlica, K.; Zhao, X. Reactive Oxygen Species Play a Dominant Role in All Pathways 

of Rapid Quinolone-Mediated Killing. J. Antimicrob. Chemother. 2020, 75, 576–585. https://doi.org/10.1093/jac/dkz485. 

20. Pankey, G.A.; Sabath, L.D. Clinical Relevance of Bacteriostatic versus Bactericidal Mechanisms of Action in the Treatment of 

Gram-Positive Bacterial Infections. Clin. Infect. Dis. 2004, 38, 864–870. https://doi.org/10.1086/381972. 

21. Redgrave, L.S.; Sutton, S.B.; Webber, M.A.; Piddock, L.J.V. Fluoroquinolone Resistance: Mechanisms, Impact on Bacteria, and 

Role in Evolutionary Success. Trends Microbiol. 2014, 22, 438–445. https://doi.org/10.1016/j.tim.2014.04.007. 

22. Turnidge, J. Pharmacokinetics and Pharmacodynamics of Fluoroquinolones. Drugs 1999, 58 (Suppl. 2), 29–36. 

https://doi.org/10.2165/00003495-199958002-00006. 

23. Rodvold, K.A.; Neuhauser, M. Pharmacokinetics and Pharmacodynamics of Fluoroquinolones. Pharmacotherapy 2001, 21, 233S–

252S. https://doi.org/10.1592/phco.21.16.233s.33992. 

24. Aminimanizani, A.; Beringer, P.; Jelliffe, R. Comparative Pharmacokinetics and Pharmacodynamics of the Newer Fluoroquin-

olone Antibacterials. Clin. Pharmacokinet. 2001, 40, 169–187. https://doi.org/10.2165/00003088-200140030-00003. 

25. Roland, P.S.; Wall, M. Ciprofloxacin 0.3%/Dexamethasone 0.1% Topical Drops for the Management of Otic Infections. Expert 

Opin. Pharmacother. 2008, 9, 3129–3135. https://doi.org/10.1517/14656560802489262. 

26. Tsivkovskii, R.; Sabet, M.; Tarazi, Z.; Griffith, D.C.; Lomovskaya, O.; Dudley, M.N. Levofloxacin Reduces Inflammatory Cyto-

kine Levels in Human Bronchial Epithelia Cells: Implications for Aerosol MP-376 (Levofloxacin Solutionfor Inhalation) Treat-

ment of Chronic Pulmonary Infections. FEMS Immunol. Med. Microbiol. 2011, 61, 141–146. https://doi.org/10.1111/j.1574-

695X.2010.00755.x. 

27. Zusso, M.; Lunardi, V.; Franceschini, D.; Pagetta, A.; Lo, R.; Stifani, S.; Frigo, A.C.; Giusti, P.; Moro, S. Ciprofloxacin and 

Levofloxacin Attenuate Microglia Inflammatory Response via TLR4/NF-kB Pathway. J. Neuroinflamm. 2019, 16, 148. 

https://doi.org/10.1186/s12974-019-1538-9. 

28. Dalhoff, A.; Shalit, I. Immunomodulatory Effects of Quinolones. Lancet Infect. Dis. 2003, 3, 359–371. 

https://doi.org/10.1016/S1473-3099(03)00658-3. 

29. Almutairi, B.A.A.; Almotawa, A.A.; Almutairi, M.A.M.; Baabbad, R.S.; Abdullah, S.A.A.; Alagedi, H.S.K.; Aljaizani, E.A.H.; 

Alahmar, M.A.; Shabi, F.A.A.; Alharbi, S.A.; et al. Ciprofloxacin: An Overview of Uses, Mechanism of Action, and Adverse 

Effects. J. Ecohumanism 2024, 3, 9328–9336. https://doi.org/10.62754/joe.v3i8.5546. 

30. Stevens, D.L.; Bisno, A.L.; Chambers, H.F.; Dellinger, E.P.; Goldstein, E.J.C.; Gorbach, S.L.; Hirschmann, J.V.; Kaplan, S.L.; Mon-

toya, J.G.; Wade, J.C. Practice Guidelines for the Diagnosis and Management of Skin and Soft Tissue Infections: 2014 Update by 

the Infectious Diseases Society of America. Clin. Infect. Dis. 2014, 59, 147–159. https://doi.org/10.1093/cid/ciu296. 

31. Tamma, P.D.; Heil, E.L.; Justo, J.A.; Mathers, A.J.; Satlin, M.J.; Bonomo, R.A. Infectious Diseases Society of America 2024 Guid-

ance on the Treatment of Antimicrobial-Resistant Gram-Negative Infections. Clin. Infect. Dis. 2024, 79, ciae403. 

https://doi.org/10.1093/cid/ciae403. 

32. Brown, B.D.; Hood Watson, K.L. Cellulitis. In StatPearls; StatPearls Publishing: Treasure Island, FL, USA, 2025. 

33. Giordano, P.; Weber, K.; Gesin, G.; Kubert, J. Skin and Skin Structure Infections: Treatment with Newer Generation Fluoroquin-

olones. Ther. Clin. Risk Manag. 2007, 3, 309–317. 

34. Nardi, N.M.; Schaefer, T.J. Impetigo. In StatPearls; StatPearls Publishing: Treasure Island, FL, USA, 2025. 

35. Bessa, G.R.; Quinto, V.P.; Machado, D.C.; Lipnharski, C.; Weber, M.B.; Bonamigo, R.R.; D’Azevedo, P.A. Staphylococcus aureus 

Resistance to Topical Antimicrobials in Atopic Dermatitis. An. Bras. Dermatol. 2016, 91, 604–610. https://doi.org/10.1590/abd1806-

4841.20164860. 

36. United States Food and Drug Administration. XEPI™ (Ozenoxacin) Cream, for Topical Use. 2017. Available online: 

https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/208945lbl.pdf (accessed on 12 April 2025). 



Pharmaceuticals 2025, 18, 800 19 of 22 
 

 

37. Schachner, L.; Andriessen, A.; Bhatia, N.; Grada, A.; Patele, D. Topical Ozenoxacin Cream 1% for Impetigo: A Review. J. Drugs 

Dermatol. 2019, 18, 655–661. 

38. Aste, N.; Atzori, L.; Zucca, M.; Pau, M.; Biggio, P. Gram-Negative Bacterial Toe Web Infection: A Survey of 123 Cases from the 

District of Cagliari, Italy. J. Am. Acad. Dermatol. 2001, 45, 537–541. https://doi.org/10.1067/mjd.2001.114747. 

39. Lee, H.; Mun, J.-H.; Cho, S.; Park, H. Clinical Analysis of Pseudomonas aeruginosa-Positive and -Negative Green Nail Syndrome 

Cases: A Single Center Retrospective Analysis. J. Dermatol. 2021, 48, 1073–1076. https://doi.org/10.1111/1346-8138.15832. 

40. Müller, S.; Ebnöther, M.; Itin, P. Green Nail Syndrome (Pseudomonas aeruginosa Nail Infection): Two Cases Successfully Treated 

with Topical Nadifloxacin, an Acne Medication. Case Rep. Dermatol. 2014, 6, 180–184. https://doi.org/10.1159/000365863. 

41. Lau, J.; Huang, J.; Kassamali Escobar, Z. Antipseudomonal Antibiotics in Diabetic Foot Infections: A Practical Perspective From 

a Community Hospital. Open Forum Infect. Dis. 2024, 11, ofae258. https://doi.org/10.1093/ofid/ofae258. 

42. Stevens, D.L.; Bisno, A.L.; Chambers, H.F.; Everett, E.D.; Dellinger, P.; Goldstein, E.J.C.; Gorbach, S.L.; Hirschmann, J.V.; Kaplan, 

E.L.; Montoya, J.G.; et al. Practice Guidelines for the Diagnosis and Management of Skin and Soft-Tissue Infections. Clin. Infect. 

Dis. 2005, 41, 1373–1406. https://doi.org/10.1086/497143. 

43. Bader, M.S. Diabetic Foot Infection. Am. Fam. Physician Afp 2008, 78, 71–79. 

44. Aubry, A.; Jarlier, V.; Escolano, S.; Truffot-Pernot, C.; Cambau, E. Antibiotic Susceptibility Pattern of Mycobacterium marinum. 

Antimicrob. Agents Chemother. 2000, 44, 3133–3136. 

45. Liu, T.; Zhang, Y.; Wan, Q. Pseudomonas aeruginosa Bacteremia among Liver Transplant Recipients. Infect. Drug Resist. 2018, 11, 

2345. https://doi.org/10.2147/IDR.S180283. 

46. Bennett, C.L.; Champigneulle, O.; Bennett, A.; Witherspoon, B.; Bove, C. Fluoroquinolone-Associated Disability and Other Fluo-

roquinolone-Associated Serious Adverse Events: Unexpected Toxicities Have Emerged in Recent Years. In Cancer Drug Safety 

and Public Health Policy; Cancer Treatment and Research; Springer: Cham, Switzerland, 2022; Vol 184, pp. 1–39. 

https://doi.org/10.1007/978-3-031-04402-1_1. 

47. Grada, A.; Armstrong, A.; Bunick, C.; Salem, R.; Feldman, S. Trends in Oral Antibiotic Use for Acne Treatment: A Retrospective, 

Population-Based Study in the United States, 2014 to 2016. J. Drugs Dermatol. 2023, 22, 265–270. 

https://doi.org/10.36849/JDD.7345. 

48. Bettoli, V.; Join-Lambert, O.; Nassif, A. Antibiotic Treatment of Hidradenitis Suppurativa. Dermatol. Clin. 2016, 34, 81–89. 

https://doi.org/10.1016/j.det.2015.08.013. 

49. Delaunay, J.; Villani, A.P.; Guillem, P.; Tristan, A.; Boibieux, A.; Jullien, D. Oral Ofloxacin and Clindamycin as an Alternative 

to the Classic Rifampicin-Clindamycin in Hidradenitis Suppurativa: Retrospective Analysis of 65 Patients. Br. J. Dermatol. 2018, 

178, e15–e16. https://doi.org/10.1111/bjd.15739. 

50. Khaliq, Y.; Zhanel, G.G. Fluoroquinolone-Associated Tendinopathy: A Critical Review of the Literature. Clin. Infect. Dis. 2003, 

36, 1404–1410. https://doi.org/10.1086/375078. 

51. Wise, B.; Peloquin, C.; Choi, H.; Lane, N.; Zhang, Y. Impact of Age, Sex, Obesity, and Steroid Use on Quinolone-Associated 

Tendon Disorders. Am. J. Med. 2012, 125, 1228.e23–1228.e28. https://doi.org/10.1016/j.amjmed.2012.05.027. 

52. Sendzik, J.; Shakibaei, M.; Schäfer-Korting, M.; Stahlmann, R. Fluoroquinolones Cause Changes in Extracellular Matrix, Signal-

ling Proteins, Metalloproteinases and Caspase-3 in Cultured Human Tendon Cells. Toxicology 2005, 212, 24–36. 

https://doi.org/10.1016/j.tox.2005.04.002. 

53. Yu, C.; Giuffre, B. Achilles Tendinopathy after Treatment with Fluoroquinolone. Australas. Radiol. 2005, 49, 407–410. 

https://doi.org/10.1111/j.1440-1673.2005.01470.x. 

54. Damuth, E.; Heidelbaugh, J.; Malani, P.N.; Cinti, S.K. An Elderly Patient with Fluoroquinolone-Associated Achilles Tendinitis. 

Am. J. Geriatr. Pharmacother. 2008, 6, 264–268. https://doi.org/10.1016/j.amjopharm.2008.11.002. 

55. Huston, K.A. Achilles Tendinitis and Tendon Rupture Due to Fluoroquinolone Antibiotics. N. Engl. J. Med. 1994, 331, 748. 

https://doi.org/10.1056/NEJM199409153311116. 

56. Sanguinetti, M.C.; Tristani-Firouzi, M. hERG Potassium Channels and Cardiac Arrhythmia. Nature 2006, 440, 463–469. 

https://doi.org/10.1038/nature04710. 

57. Drew, B.J.; Ackerman, M.J.; Funk, M.; Gibler, W.B.; Kligfield, P.; Menon, V.; Philippides, G.J.; Roden, D.M.; Zareba, W.; Ameri-

can Heart Association Acute Cardiac Care Committee of the Council on Clinical Cardiology; et al. Prevention of Torsade de 

Pointes in Hospital Settings: A Scientific Statement from the American Heart Association and the American College of Cardi-

ology Foundation. J. Am. Coll. Cardiol. 2010, 55, 934–947. https://doi.org/10.1016/j.jacc.2010.01.001. 

58. Zhang, Y.; Post, W.S.; Blasco-Colmenares, E.; Dalal, D.; Tomaselli, G.F.; Guallar, E. Electrocardiographic QT Interval and Mor-

tality: A Meta-Analysis. Epidemiology 2011, 22, 660–670. https://doi.org/10.1097/EDE.0b013e318225768b. 



Pharmaceuticals 2025, 18, 800 20 of 22 
 

 

59. Beach, S.R.; Celano, C.M.; Noseworthy, P.A.; Januzzi, J.L.; Huffman, J.C. QTc Prolongation, Torsades de Pointes, and Psycho-

tropic Medications. Psychosomatics 2013, 54, 1–13. https://doi.org/10.1016/j.psym.2012.11.001. 

60. Al-Khatib, S.M.; LaPointe, N.M.A.; Kramer, J.M.; Califf, R.M. What Clinicians Should Know about the QT Interval. JAMA 2003, 

289, 2120–2127. https://doi.org/10.1001/jama.289.16.2120. 

61. Martínez, L.J.; Sik, R.H.; Chignell, C.F. Fluoroquinolone Antimicrobials: Singlet Oxygen, Superoxide and Phototoxicity. Photo-

chem. Photobiol. 1998, 67, 399–403. 

62. Tokura, Y.; Seo, N.; Yagi, H.; Furukawa, F.; Takigawa, M. Cross-Reactivity in Murine Fluoroquinolone Photoallergy: Exclusive 

Usage of TCR Vβ13 by Immune T Cells That Recognize Fluoroquinolone-Photomodified Cells. J. Immunol. 1998, 160, 3719–3728. 

63. Dawe, R.S.; Ibbotson, S.H.; Sanderson, J.B.; Thomson, E.M.; Ferguson, J. A Randomized Controlled Trial (Volunteer Study) of 

Sitafloxacin, Enoxacin, Levofloxacin and Sparfloxacin Phototoxicity. Br. J. Dermatol. 2003, 149, 1232–1241. 

https://doi.org/10.1111/j.1365-2133.2003.05582.x. 

64. Stahlmann, R.; Lode, H. Toxicity of Quinolones. Drugs 1999, 58 (Suppl. 2), 37–42. https://doi.org/10.2165/00003495-199958002-

00007. 

65. Kowalska, J.; Banach, K.; Rok, J.; Beberok, A.; Rzepka, Z.; Wrześniok, D. Molecular and Biochemical Basis of Fluoroquinolones-

Induced Phototoxicity—The Study of Antioxidant System in Human Melanocytes Exposed to UV-A Radiation. Int. J. Mol. Sci. 

2020, 21, 9714. https://doi.org/10.3390/ijms21249714. 

66. Mehlhorn, A.J.; Brown, D.A. Safety Concerns with Fluoroquinolones. Ann. Pharmacother. 2007, 41, 1859–1866. 

https://doi.org/10.1345/aph.1K347. 

67. Blakely, K.M.; Drucker, A.M.; Rosen, C.F. Drug-Induced Photosensitivity-An Update: Culprit Drugs, Prevention and Manage-

ment. Drug Saf. 2019, 42, 827–847. https://doi.org/10.1007/s40264-019-00806-5. 

68. Xie, W.-L.; Ge, M.-L.; Chen, D.; Chen, G.-Q.; Mei, Y.-X.; Lai, Y.-J. Psychiatric Disorders Associated with Fluoroquinolones: A 

Pharmacovigilance Analysis of the FDA Adverse Event Reporting System Database. Front. Pharmacol. 2024, 15, 1435923. 

https://doi.org/10.3389/fphar.2024.1435923. 

69. Freeman, M.Z.; Cannizzaro, D.N.; Naughton, L.F.; Bove, C. Fluoroquinolones-Associated Disability: It Is Not All in Your Head. 

NeuroSci 2021, 2, 235–253. https://doi.org/10.3390/neurosci2030017. 

70. Aspinall, S.L.; Good, C.B.; Jiang, R.; McCarren, M.; Dong, D.; Cunningham, F.E. Severe Dysglycemia with the Fluoroquinolones: 

A Class Effect? Clin. Infect. Dis. 2009, 49, 402–408. https://doi.org/10.1086/600294. 

71. Saraya, A.; Yokokura, M.; Gonoi, T.; Seino, S. Effects of Fluoroquinolones on Insulin Secretion and β-Cell ATP-Sensitive K+ 

Channels. Eur. J. Pharmacol. 2004, 497, 111–117. https://doi.org/10.1016/j.ejphar.2004.06.032. 

72. Maeda, N.; Tamagawa, T.; Niki, I.; Miura, H.; Ozawa, K.; Watanabe, G.; Nonogaki, K.; Uemura, K.; Iguchi, A. Increase in Insulin 

Release from Rat Pancreatic Islets by Quinolone Antibiotics. Br. J. Pharmacol. 1996, 117, 372–376. https://doi.org/10.1111/j.1476-

5381.1996.tb15201.x. 

73. Ambrose, P.G.; Bhavnani, S.M.; Cirincione, B.B.; Piedmonte, M.; Grasela, T.H. Gatifloxacin and the Elderly: Pharmacokinetic-

Pharmacodynamic Rationale for a Potential Age-Related Dose Reduction. J. Antimicrob. Chemother. 2003, 52, 435–440. 

https://doi.org/10.1093/jac/dkg370. 

74. Newton, E.R.; Akerman, A.W.; Strassle, P.D.; Kibbe, M.R. Association of Fluoroquinolone Use with Short-Term Risk of Devel-

opment of Aortic Aneurysm. JAMA Surg. 2021, 156, 264–272. https://doi.org/10.1001/jamasurg.2020.6165. 

75. FDA Center for Drug Evaluation and Research. FDA Warns about Increased Risk of Ruptures or Tears in the Aorta Blood Vessel 

with Fluoroquinolone Antibiotics in Certain Patients. 2025. Available online: https://www.fda.gov/drugs/drug-safety-and-

availability/fda-warns-about-increased-risk-ruptures-or-tears-aorta-blood-vessel-fluoroquinolone-antibiotics (accessed on 11 

April 2025). 

76. FDA Center for Drug Evaluation and Research. Fluoroquinolone Antimicrobial Drugs Information. 2019. Available online: 

https://www.fda.gov/drugs/information-drug-class/fluoroquinolone-antimicrobial-drugs-information (accessed on 1 March 

2025). 

77. Corrao, G.; Zambon, A.; Bertù, L.; Mauri, A.; Paleari, V.; Rossi, C.; Venegoni, M. Evidence of Tendinitis Provoked by Fluoro-

quinolone Treatment: A Case-Control Study. Drug Saf. 2006, 29, 889–896. https://doi.org/10.2165/00002018-200629100-00006. 

78. Morales, D.; Pacurariu, A.; Slattery, J.; Pinheiro, L.; McGettigan, P.; Kurz, X. Association Between Peripheral Neuropathy and 

Exposure to Oral Fluoroquinolone or Amoxicillin-Clavulanate Therapy. JAMA Neurol. 2019, 76, 827–833. 

https://doi.org/10.1001/jamaneurol.2019.0887. 

79. Guo, I.J.; Maximos, M.; Gamble, J.-M. Examining Hypoglycemia Risk with Systemic Fluoroquinolone Use: A Systematic Review 

and Meta-Analysis. CMI Commun. 2024, 1, 105038. https://doi.org/10.1016/j.cmicom.2024.105038. 



Pharmaceuticals 2025, 18, 800 21 of 22 
 

 

80. Kelesidis, T.; Canseco, E. Quinolone-Induced Hypoglycemia: A Life-Threatening but Potentially Reversible Side Effect. Am. J. 

Med. 2010, 123, e5–e6. https://doi.org/10.1016/j.amjmed.2009.07.022. 

81. Li, C.; Mercuro, N.J.; Chapin, R.W.; Gold, H.S.; McCoy, C. Fluoroquinolone Prescribing for Diabetic Foot Infections Following 

an FDA Drug Safety Communication for Aortic Aneurysm Risk. Antimicrob. Agents Chemother. 2021, 65, e0070821. 

https://doi.org/10.1128/AAC.00708-21. 

82. Wildermuth, A.; Holmes, M. A Preventable, Life-Altering Case of Fluoroquinolone-Associated Tendonitis. JAAPA 2022, 35, 33–

36. https://doi.org/10.1097/01.JAA.0000873776.37967.9b. 

83. Farzam, K.; Tivakaran, V.S. QT Prolonging Drugs. In StatPearls; StatPearls Publishing: Treasure Island, FL, USA, 2025. 

84. Shu, Y.; Zhang, Q.; He, X.; Liu, Y.; Wu, P.; Chen, L. Fluoroquinolone-Associated Suspected Tendonitis and Tendon Rupture: A 

Pharmacovigilance Analysis from 2016 to 2021 Based on the FAERS Database. Front. Pharmacol. 2022, 13, 990241. 

https://doi.org/10.3389/fphar.2022.990241. 

85. Landers, Z.D.; Mazhar, A. Fluoroquinolone-Induced Multisystem Toxicity: A Case Report. Cureus 2024, 16, e61174. 

https://doi.org/10.7759/cureus.61174. 

86. Michalak, K.; Sobolewska-Włodarczyk, A.; Włodarczyk, M.; Sobolewska, J.; Woźniak, P.; Sobolewski, B. Treatment of the Fluo-

roquinolone-Associated Disability: The Pathobiochemical Implications. Oxid. Med. Cell. Longev. 2017, 2017, 8023935. 

https://doi.org/10.1155/2017/8023935. 

87. Outpatient Antibiotic Prescriptions—United States, 2022|Antibiotic Use|CDC. Available online: https://ar-

chive.cdc.gov/www_cdc_gov/antibiotic-use/data/report-2022.html (accessed on 1 March 2025). 

88. Barbieri, J.S.; Bhate, K.; Hartnett, K.P.; Fleming-Dutra, K.E.; Margolis, D.J. Trends in Oral Antibiotic Prescription in Dermatology, 

2008 to 2016. JAMA Dermatol. 2019, 155, 290–297. https://doi.org/10.1001/jamadermatol.2018.4944. 

89. MacGibeny, M.A.; Jo, J.-H.; Kong, H.H. Antibiotic Stewardship in Dermatology: Reducing the Risk of Prolonged Antimicrobial 

Resistance in Skin. JAMA Dermatol. 2022, 158, 989–991. https://doi.org/10.1001/jamadermatol.2022.3168. 

90. Rengarajan, S.; MacGibeny, M.A.; Kong, H.H. Comment on: Antibiotic Resistance in Dermatology: The Scope of the Problem 

and Strategies to Address It. J. Am. Acad. Dermatol. 2022, 87, e195–e196. https://doi.org/10.1016/j.jaad.2022.07.056. 

91. Vaughn, V.M.; Gandhi, T.; Conlon, A.; Chopra, V.; Malani, A.N.; Flanders, S.A. The Association of Antibiotic Stewardship with 

Fluoroquinolone Prescribing in Michigan Hospitals: A Multi-Hospital Cohort Study. Clin. Infect. Dis. 2019, 69, 1269–1277. 

https://doi.org/10.1093/cid/ciy1102. 

92. Hecker, M.T.; Son, A.H.; Murphy, N.N.; Sethi, A.K.; Wilson, B.M.; Watkins, R.R.; Donskey, C.J. Impact of Syndrome-Specific 

Antimicrobial Stewardship Interventions on Use of and Resistance to Fluoroquinolones: An Interrupted Time Series Analysis. 

Am. J. Infect. Control 2019, 47, 869–875. https://doi.org/10.1016/j.ajic.2019.01.026. 

93. Yarrington, M.E.; Anderson, D.J.; Dodds Ashley, E.; Jones, T.; Davis, A.; Johnson, M.; Lokhnygina, Y.; Sexton, D.J.; Moehring, 

R.W. Impact of FDA Black Box Warning on Fluoroquinolone and Alternative Antibiotic Use in Southeastern US Hospitals. Infect. 

Control. Hosp. Epidemiol. 2019, 40, 1297–1300. https://doi.org/10.1017/ice.2019.247. 

94. Grada, A.; Ghannoum, M.A.; Bunick, C.G. Sarecycline Demonstrates Clinical Effectiveness against Staphylococcal Infections 

and Inflammatory Dermatoses: Evidence for Improving Antibiotic Stewardship in Dermatology. Antibiotics 2022, 11, 722. 

https://doi.org/10.3390/antibiotics11060722. 

95. Stahlmann, R.; Lode, H. Safety Considerations of Fluoroquinolones in the Elderly: An Update. Drugs Aging 2010, 27, 193–209. 

https://doi.org/10.2165/11531490-000000000-00000. 

96. Rusu, A.; Munteanu, A.-C.; Arbănași, E.-M.; Uivarosi, V. Overview of Side-Effects of Antibacterial Fluoroquinolones: New 

Drugs versus Old Drugs, a Step Forward in the Safety Profile? Pharmaceutics 2023, 15, 804. https://doi.org/10.3390/pharmaceu-

tics15030804. 

97. Werth, B.J. Fluoroquinolones—Infectious Diseases. Available online: https://www.merckmanuals.com/professional/infectious-

diseases/bacteria-and-antibacterial-medications/fluoroquinolones (accessed on 1 March 2025). 

98. Committee on Infectious Diseases, American Academy of Pediatrics. Fluoroquinolones. In Red Book: 2021–2024 Report 

of the Committee on Infectious Diseases; Kimberlin, D.W., Barnett, E.D., Lynfield, R., Sawyer, M.H., Eds.; American Academy of 

Pediatrics: Itasca, IL, USA, 2021; ISBN 978-1-61002-578-2. 

99. Kim, Y.; Park, G.W.; Kim, S.; Moon, H.J.; Won, S.; Chung, W.; Yang, H.-J. Fluoroquinolone and No Risk of Achilles-Tendinopa-

thy in Childhood Pneumonia under Eight Years of Age—A Nationwide Retrospective Cohort. J. Thorac. Dis. 2021, 13, 3399–3408. 

https://doi.org/10.21037/jtd-20-2256. 

100. Schluter, G. Ciprofloxacin: Toxicologic Evaluation of Additional Safety Data. Am. J. Med. 1989, 87, 37S–39S. 

https://doi.org/10.1016/0002-9343(89)90018-1. 



Pharmaceuticals 2025, 18, 800 22 of 22 
 

 

101. Corrado, M.L.; Struble, W.E.; Peter, C.; Hoagland, V.; Sabbaj, J. Norfloxacin: Review of Safety Studies. Am. J. Med. 1987, 82, 22–

26. https://doi.org/10.1016/0002-9343(87)90614-0. 

102. Loebstein, R.; Addis, A.; Ho, E.; Andreou, R.; Sage, S.; Donnenfeld, A.E.; Schick, B.; Bonati, M.; Moretti, M.; Lalkin, A.; et al. 

Pregnancy Outcome Following Gestational Exposure to Fluoroquinolones: A Multicenter Prospective Controlled Study. Anti-

microb. Agents Chemother. 1998, 42, 1336–1339. 

103. Padberg, S.; Wacker, E.; Meister, R.; Panse, M.; Weber-Schoendorfer, C.; Oppermann, M.; Schaefer, C. Observational Cohort 

Study of Pregnancy Outcome after First-Trimester Exposure to Fluoroquinolones. Antimicrob. Agents Chemother. 2014, 58, 4392–

4398. https://doi.org/10.1128/AAC.02413-14. 

104. Halliwell, R.F.; Davey, P.G.; Lambert, J.J. Antagonism of GABAA Receptors by 4-Quinolones. J. Antimicrob. Chemother. 1993, 31, 

457–462. https://doi.org/10.1093/jac/31.4.457. 

105. Famularo, G.; Pizzicannella, M.; Gasbarrone, L. Levofloxacin and Seizures: What Risk for Elderly Adults? J. Am. Geriatr. Soc. 

2014, 62, 2018–2019. https://doi.org/10.1111/jgs.13039. 

106. United States Food and Drug Administration. CIPRO (Ciprofloxacin Hydrochloride). 2016. Available online: https://www.ac-

cessdata.fda.gov/drugsatfda_docs/Label/2016/019537s086lbl.pdf (accessed on 12 April 2025). 

107. United States Food and Drug Administration. AVELOX (Moxifloxacin Hydrochloride). 2016. Available online: https://www.ac-

cessdata.fda.gov/drugsatfda_docs/label/2016/021085s063lbl.pdf (accessed on 12 April 2025). 

108. Pulia, M.S.; Schwei, R.J.; Hesse, S.P.; Werner, N.E. Characterizing Barriers to Antibiotic Stewardship for Skin and Soft-Tissue 

Infections in the Emergency Department Using a Systems Engineering Framework. Antimicrob. Steward. Healthc. Epidemiol. 2022, 

2, e180. https://doi.org/10.1017/ash.2022.316. 

109. Eckmann, C.; Tulkens, P.M. Current and Future Options for Treating Complicated Skin and Soft Tissue Infections: Focus on 

Fluoroquinolones and Long-Acting Lipoglycopeptide Antibiotics. J. Antimicrob. Chemother. 2021, 76, iv9–iv22. 

https://doi.org/10.1093/jac/dkab351. 

110. Geremia, N.; Giovagnorio, F.; Colpani, A.; De Vito, A.; Botan, A.; Stroffolini, G.; Toc, D.-A.; Zerbato, V.; Principe, L.; Madeddu, 

G.; et al. Fluoroquinolones and Biofilm: A Narrative Review. Pharmaceuticals 2024, 17, 1673. https://doi.org/10.3390/ph17121673. 

111. Pollack, L.A.; Srinivasan, A. Core Elements of Hospital Antibiotic Stewardship Programs From the Centers for Disease Control 

and Prevention. Clin. Infect. Dis. 2014, 59, S97–S100. https://doi.org/10.1093/cid/ciu542. 

112. Stocco, G.; Lucafò, M.; Decorti, G. Pharmacogenomics of Antibiotics. Int. J. Mol. Sci. 2020, 21, 5975. 

https://doi.org/10.3390/ijms21175975. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-

thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to 

people or property resulting from any ideas, methods, instructions or products referred to in the content. 

View publication stats

https://www.researchgate.net/publication/392097113

