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Objectives: Levofloxacin is widely used because of its broad-spectrum
antimicrobial activity and convenient dosing schedule. However, the relevance
of its use in children remains to be investigated. The purpose of this study is
to investigate the efficacy and safety of levofloxacin use in children with
severe infections.
Methods: We conducted a retrospective observational study of patients <18
years of age who received levofloxacin intravenously in the Pediatric Intensive
Care Unit (PICU) of our hospital during the period between 2021 and 2022.
Patient demographics, course characteristics, clinical effectiveness, and
adverse event correlations were extracted through a retrospective tabular review.
Results: We included 25 patients treated with 28 courses of levofloxacin. The
mean age of these children treated with levofloxacin was 4.41 years.
Conversion of pathogenic microbiological test results to negative after
levofloxacin treatment was detected in 11 courses (39.29%). A decrease in
inflammatory markers, white blood cell or C-reactive protein counts, was
detected in 18 courses (64.29%). A total of 57 adverse events occurred during
the treatment period, of which 21 were possibly related to levofloxacin and no
adverse events were probably related to levofloxacin.
Conclusion: The effectiveness of levofloxacin use in children with serious
infections is promising, especially for the treatment of multidrug-resistant
bacteria. Adverse events occurring during the initiation of levofloxacin therapy
in children are reported to be relatively common, but in this study, only a
small percentage of them were possibly related to levofloxacin, and none of
them were highly possibly related to levofloxacin.
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1 Introduction

Levofloxacin is a widely used antibiotic with significant antibacterial efficacy for

various bacterial infections. Because of its broad-spectrum antimicrobial activity and

convenient dosing schedule, levofloxacin is commonly recommended for the treatment

of various infections, including respiratory tract infections, urinary tract infections, and

gastrointestinal infections (1–4). It is also used for prophylaxis and treatment of febrile

neutropenia in patients with hematological malignancies (5). However, its safety and

efficacy in children, especially young children, is yet to be studied and often raises

concerns (6, 7).
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In China, levofloxacin’s drug label is approved only for the

treatment of inhalation anthrax and plague in patients aged 6

months and above, while drug labels in the EU and FDA have

broader indications and can be used for the treatment of various

pediatric diseases. With the increasing trend of pediatric drug-

resistant infections, especially multidrug-resistant (MDR) and

carbapenem-resistant Enterobacter (CRE) infections, multiple

authoritative academic organizations have issued guidelines or

reached a consensus in recent years to provide evidence for off-

label use of drugs by clinicians (8–10). In China, pharmaceutical

experts have developed an expert consensus on the use of

fluoroquinolones in children to regulate their use in pediatrics

(11). The Management of Community-Acquired Pneumonia in

Infants and Children Older Than 3 Months of Age: Clinical

Practice Guidelines by the Pediatric Infectious Diseases Society

and the Infectious Diseases Society of America (2011),

recommends that for adolescents with skeletal maturity,

levofloxacin (500 mg once daily) or moxifloxacin (400 mg once

daily) can be used as an alternative treatment for Mycoplasma

pneumoniae pneumonia (8). The 2023 IDSA Antibiotic

Resistance in Gram-Negative Infections treatment guidance

document also proposes that fluoroquinolones may be considered

as a treatment option for drug-resistant infections (12).

However, fluoroquinolones can cause joint lesion in juvenile

animals, and this effect is related to both dosage and duration of

treatment (13). There are species differences between animals

and humans, and further investigation is needed to explore the

safety of these drugs in children (14, 15). This retrospective

cohort study aims to analyze the efficacy and safety of

levofloxacin in children with severe infections and provide some

empirical references for its use in such children, as well as

discuss the safety of quinolones in pediatric severe infections.
2 Methods

2.1 Study design

We performed a retrospective study of patients who received

levofloxacin injection in the Pediatric Intensive Care Unit (PICU) at

the Children’s Hospital of Fudan University. All patients who were

treated with levofloxacin had been off the drug for at least 1 year.
2.2 Inclusion and exclusion criteria

We included all patients <18 years of age who were

administered at least one dose of intravenous levofloxacin in the

PICU between 2020 and 2021.
2.3 Data collection, study definitions, and
assessment of adverse events

All information on patient demographics, chronic conditions,

and details of levofloxacin use was obtained from the medical
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records of the hospital. Adverse events (AEs) were identified by

prespecified criteria (detailed later).

We used one course of levofloxacin as a unit of analysis,

which is defined as ≥1 consecutive days of levofloxacin

treatment. On the basis of the half-life of levofloxacin, >97%

of the drug is eliminated within 2 days of a dose; we

therefore analyzed periods of therapy separated by a gap of >2

days as separate courses. We define medications taken at

the same time as the first dose of levofloxacin as

“scheduled medications”.

We considered the laboratory values obtained ≤1 week before

the first dose of levofloxacin as the baseline values for each course.

The AEs we recorded included any discomfort that occurred

during levofloxacin treatment, and ≤2 days after discontinuation.

The AEs recorded by the treatment provider in the medical

documentation at the time of the occurrence of the AE was the

primary attribution of the AE. If no such attribution was

documented, then laboratory abnormalities were identified by

using predefined reference values from the Harriet Lane

Handbook. The AEs identified during the levofloxacin courses

that began before the initiation of the drug were attributed to

another drug or underlying condition, as appropriate.

Correlations between AEs and levofloxacin were resolved by

using the Naranjo Adverse Drug Reaction Probability

Scale (NADRPS).
2.4 Statistical analysis

Excel was used to establish a database, and SPSS 25.0 statistical

software was used for statistical analysis. Normally distributed

measurement data were expressed as mean ± standard deviation,

while measurement data with a skewed distribution pattern were

expressed as median (IQR, 25th–75th percentile).
3 Results

3.1 Demographic data

A total of 28 levofloxacin courses were initiated in 25 patients

during the study period (Table 1). Infection is the main factor

involved in the use of levofloxacin. In this study, congenital

anomalies were found to be the most common chronic

conditions among patients [12 (42.9%)], followed by respiratory

system anomalies [10 (35.71%)].
3.2 Levofloxacin-course characteristics

The characteristics of the 28 levofloxacin courses were studied

(Tables 2, 3). The average duration of therapy was 12.11 days. The

average dose prescribed (14.19 mg/kg/day) was consistent with the

dosing recommended by the World Health Organization. Of the 28

courses, levofloxacin was chosen for use when patients did not

respond to conventional treatment. Three of the courses involved
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TABLE 2 Prescription characteristic.

Prescription characteristic Value
Duration of therapy (days), mean (median, range) 12.11 (10,2–28)

Courses per patient (n), median (range) 1 (1–2)

Dose (mg/kg/day), mean (range)

6 months to <5 years 16.05 (8–20)

≥5 years 10.89 (8–16)

Premature discontinuation for any adverse event, n (%) 1 (3.57)

TABLE 3 Drug therapy characteristics.

Drug therapy characteristics Value
Strain classification

Gram-positive bacteria, n (%) 6 (21.43)

Gram-negative bacteria, n (%) 20 (71.43)

Microbiological test results turned negative, n (%) 11 (39.29)

White blood cell count decreased, n (%) 14 (50.00)

C-reactive protein decreased, n (%) 13 (46.43)

TABLE 1 Patient characteristics.

Patient characteristics Value
Age, mean (range) 4.41 years (3 months–14 years)

Sex (male), n (%) 17 (60.71)

Drug combination (n), average (range) 1.7 (0–6)

Chronic condition institution, n (%)

Neoplasm 5 (17.86)

Endocrine, nutritional, and metabolic disease
and immunity disorder

10 (35.71)

Disease of blood and blood-forming organ 5 (17.86)

Disease of the nervous system and sense organ 6 (21.43)

Disease of the circulatory system 6 (21.43)

Disease of the respiratory system 10 (35.71)

Disease of the digestive system 10 (35.71)

Disease of the musculoskeletal system 3 (10.71)

Congenital anomalies 12 (42.86)
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the use of empiric therapy [3 (10.71%)], and most of the remaining

courses, except one, involved the treatment of gram-negative

infections (Table 3).
3.3 Efficacy of levofloxacin

We also studied the efficacy of levofloxacin (Table 3). Of the

28 courses, 23 (82.14%) involved the treatment of those infected

with gram-negative bacteria and 6 (21.43%) involved the

treatment of those infected with positive bacteria. After

levofloxacin treatment, white blood cell count (WBC) decreased

in 14 (50.00%) courses, and C-reactive protein (CRP) decreased

in 13 (46.43%). Conversion of pathogenic microbiological test

results to negative after levofloxacin treatment was detected in

11 courses (39.29%). Eighteen (64.29%) of these courses showed

a decrease of WBC or CRP. These results indicate that most

patients treated with levofloxacin experienced a decrease in

inflammatory markers.
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3.4 AEs and monitoring

Among all 28 courses, a total of 57 AEs occurred; 21 (28.07%)

AEs involving 10 courses were possibly associated with levofloxacin

(Table 4) and none were probably related to levofloxacin. The most

common AEs possibly associated with levofloxacin were direct

bilirubin elevation [4 (14.29%)] and alanine aminotransferase

elevation [4 (14.29%)], followed by an increased aspartate

aminotransferase level [3 (10.71%)]. Elevated levels of these

markers suggest that they may be related to the liver function of

the patients. Our study did not find a clear difference between

younger and older children in terms of the incidence of adverse

events that may be associated with levofloxacin.
4 Discussion

In 2019, approximately 4.95 million people died from drug-

resistant bacterial disease, of which 1.27 million deaths were

directly attributable to drug-resistant pathogens (16, 17). With

the increase in drug-resistant bacterial disease, the Chinese 2023

National Guidelines for Antimicrobial Therapy state that when

no other low-toxicity and high-efficiency antimicrobial drugs are

available, especially for severely affected children, quinolones may

be chosen on balance of probability.

We retrospectively studied 28 courses of levofloxacin in 25

children with severe infections and found that levofloxacin was

generally highly effective and safe. The three main bacteria

detected in our study were Stenotrophomonas maltophilia (n = 9),

Acinetobacter baumannii (n = 6), and Burkholderia cepacia

(n = 5). In our study, the etiological conversion rate of

Stenotrophomonas maltophilia treated with levofloxacin was

44.44% (4/9), which was lower than 81.6% in the study by Nys

et al. (18). This difference may be attributed to the fact that, first,

all patients in our study were from the PICU and their clinical

condition was more severe than those of others; second, our

study was retrospective in nature, and some patients were not

retested through an etiological examination after treatment.

Although the etiological negative conversion rates of

Acinetobacter baumannii and Burkholderia cepacia reached 50%

and 80%, respectively, levofloxacin was not recommended as a

therapeutic agent in the clinical guidelines and medication

methods, and therefore, we suggest that levofloxacin is not the

mainstay of treatment for eradication of these two bacteria.

In this study, we use the NADRPS to evaluate the AEs, which

was first proposed by Naranjo et al. in 1981 (19). It has been

recognized by several publications for its advantage of achieving

a balance between ease of use and scientific validity (20, 21). The

NADRPS establishes 10 evaluation indicators, scores each

indicator individually, and assesses the causality level based on

the final score. The evaluation results include categories such as

“doubtful,” “possible,” “probable,” and “certain.” However, due to

the limitations of the clinical application, some evaluation

processes may allow for the selection of the unknown option,

which may result in a low number of ADRs evaluated as
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TABLE 4 Adverse events noted during the initiation of levofloxacin therapy.

Adverse event Total occurrences of
adverse events, n (%)

Possible adverse events associated with levofloxacin,
n (%) of 28 courses

Increased alanine aminotransferase level 5 (17.86) 4 (14.29)

Increased aspartate aminotransferase level 9 (32.14) 3 (10.71)

Rash 2 (7.14) 2 (7.14)

Increased total bilirubin level 8 (28.57) 2 (7.14)

Increased direct bilirubin level 11 (39.3) 4 (14.29)

Increased alkaline phosphatase level 1 (3.57) 0 (0.00)

Abdominal pain 2 (7.14) 0 (0.00)

Diarrhea 2 (7.14) 0 (0.00)

Hyperglycemia 1 (3.57) 0 (0.00)

Increased creatinine level 5 (17.86) 0 (0.00)

Increased creatine kinase isoenzymes level 2 (7.14) 0 (0.00)

Peripheral neuropathy 4 (14.29) 1 (3.57)

Death 3 (10.71) 0 (0.00)
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“certain.” Overall, the evaluation results in this study confirmed

that there was no significant difference between the NADRPS

and the World Health Organization-Uppsala Monitoring Center

(WHO-UMC) scale (22). Adverse events occurring during the

initiation of levofloxacin therapy in children are reported to be

relatively common, but in this study, only a small percentage of

them were possibly related to levofloxacin, and none were

probably related to levofloxacin. We found that direct bilirubin

elevation was the most common AE attributed to levofloxacin,

followed by alanine aminotransferase elevation, both of which are

recognized effects of fluoroquinolones. In a study of >1,700

children, Hampel et al. showed that the incidence rate of total

adverse events in children taking ciprofloxacin was 18.9% (drug-

related and non-drug-related), and the most common adverse

events were gastrointestinal reactions (e.g., diarrhea, nausea, and

vomiting), followed by headache and abdominal pain, as well as

arthralgia in 1.5% of patients (23). The probability of total

adverse events and adverse events with higher incidence rates

differed to some extent from that of our study because, first,

levofloxacin and ciprofloxacin are slightly different, even though

both are quinolones; second, the probability difference can be

attributed to the fact that our study subjects were children with

severe infections with a higher probability of adverse events

occurring because of their more complex conditions and a higher

liver burden with more coadministered medications.

Current studies on the use of levofloxacin in children have

focused primarily on the prophylaxis of infections and the

evaluation of safety, and these studies have shown good

prophylactic efficacy and no increase in toxic effects (24–26).

Our study shows the efficacy of levofloxacin in children with

severe infections and the absence of adverse events that were

probably related to it, complementing the gap in research on the

use of levofloxacin in this population.

We acknowledge certain limitations in our study. Because our

study included patients from the PICU, their clinical condition was

usually complex; therefore, the study results might not be

generalizable to healthy children and adverse effects could not be

easily judged. We used retrospective studies, and all adverse

events were derived from physician records or laboratory results
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obtained when these studies were performed, making it difficult

to detect new adverse effects. Our study did not follow up with

these children to determine whether they experienced long-term

skeletal muscle toxicity. However, a large prospective clinical

study indicates that levofloxacin causes skeletal muscle damage

that is comparable to that of controls and appears to be

reversible (27). In addition, due to the limitations of the

retrospective study design, pathogenic microbiological data could

not be collected from all patients and an appropriate control

group was not included. This might affect the validity of the

efficacy evaluation. Therefore, prospective studies are necessary to

determine the safety and efficacy of levofloxacin in children with

severe infections.
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