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Growing resistance of microorganisms to antibiotics for the treatment of late-onset sepsis (LOS) in pre-
mature infants has led physicians to use antibiotics that are not well studied in neonatal populations. We
aimed to determine the efficacy and safety of colistin and fluoroquinolone for the treatment of persistent
LOS. We retrospectively reviewed infants with gram-negative LOS, who received either colistin or fluoro-
quinolone therapy, to determine if there was a significant difference in kidney and liver function tests and
electrolyte levels before, during, and at the end of the treatment. Infants who received colistin and fluo-
roquinolone had 17 and 34 positive cultures with gram-negative organisms, respectively. Multi-drug
resistant organisms were more common in infants who received colistin than in those who received flu-
oroquinolone. Microbiological clearance was found to be higher in infants treated with fluoroquinolone
than in those treated with colistin. In both the groups, the median levels of kidney and liver function tests
and electrolytes showed a significant increase during the treatment. The prescription of colistin and flu-
oroquinolones should be reserved for cases with no other safe and effective alternatives.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction to invasive and noninvasive procedures, and finally, they manifest
Neonatal sepsis is one of the main causes of neonatal morbidity
and mortality, especially among premature infants (Stoll et al.,
2002; Shane and Stoll, 2014; Liu et al., 2016). The duration and
type of antibiotics for management of neonatal sepsis in premature
infants remain a controversial matter in neonatal practice:
Premature infants have weak innate immunity, they stay longer
in the neonatal intensive care unit (NICU) and are more exposed
sepsis with nonspecific symptoms (Callaghan et al., 2006; Beck
et al., 2010). Therefore, the treatment of neonatal sepsis, especially
that acquired after birth and during hospitalization, is a challenge
to neonatologists.

Late-onset sepsis (LOS) is caused by various microorganisms. In
ourprevious studyaddressing the responsibleorganismsandantibi-
otic susceptibility, we isolated 70 organisms responsible for LOS.
Gram-positive organisms were most common, but gram-negative
(GN) organisms were most lethal (Al-Mouqdad et al., 2018).

Although several modalities have been developed for the early
detection and treatment of LOS, they have failed to reduce the inci-
dence of LOS (Griffin et al., 2007; Sullivan and Fairchild, 2015;
Mithal et al., 2018). On the contrary, the arbitrary use of antibiotics
has increased, even with a low probability of sepsis, and the subse-
quent proportion of neonatal morbidities and antibiotic resistance
have become more prominent (Asfour and Al-Mouqdad, 2019;
Lessa et al., 2009; Cantey and Milstone, 2015).

Consequently, escalating bacterial resistance has led to the cre-
ation of multi-drug resistant organisms (MDROs). In a recent study,
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https://doi.org/10.1016/j.jsps.2021.07.014
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GN MDROs caused approximately 20% of the episodes of GN sepsis
(Tsai et al., 2014), which led to the reintroduction of antibiotics
without strong safety records. Colistin and fluoroquinolones are
two such antibiotics that are frequently used without clear evi-
dence regarding their efficacy and safety (Jajoo et al., 2011; Alan
et al., 2014; Al-Lawama et al., 2016; Newby et al., 2017).

Therefore, our objectives in the present study were as follows:
(1) to retrospectively review the medical records of our patients
who received either colistin or fluoroquinolone to evaluate their
efficacy and safe use and (2) to determine recommendations that
should be provided to neonatologists and infectious disease physi-
cians for the management of LOS with GN organisms.
Table 1
Demographic and clinical characteristics of mothers and infants with gram-negative infec

Parameter Colistin (n = 15)

Antenatal steroid treatment 4 (26.7)
Cesarean section delivery 9 (60)
Maternal hypertension 2 (13.3)
Gestational diabetes mellitus 0 (0)
PROM 0 (0)
Gestational age, weeks 27 (25–34)
Birth weight, grams 840 (740–1580)
1-min Apgar score 5 (2.75–6)
5-min Apgar score 7 (5.25–7.75)
Male sex 7 (46.7)
Inotropes 11 (73.3)
EOS 0 (0)
Survival 7 (36.7)
Age of starting colistin or quinolone 28 (16–92)
Duration of therapy 17 (8–28)
Total days of antibiotics 46 (38–94)
LOHS 99 (49–116)
Gram-positive infection 10 (66.7)
MDROs 8 (53.3)
Microbiological clearance 7 (46.7)

Types of catheter, n (%)
UAC 5 (33.3)
UVC 9 (60)
PICC 7 (46.7)
CVC 5 (33.3)

Source of infection, n (%)
Bacteremia 10 (66.7)
VAP 6 (40)
Meningitis 1 (6.7)

Concomitant antimicrobials and antifungal treatment during colistin or fluoroquinolo
Cotrimoxazole 2 (13.3)
Amphotericin b 2 (13.3)
Vancomycin 6 (40)
Meropenem 6 (40)
Caspofungin 1 (6.7)
Amikacin 0 (0)
Fluconazole 0 (0)
Linezolid 2 (13.3)
Cefepime 2 (13.3)
Daptomycin 1 (6.7)
Rifampicin 1 (6.7)
Clindamycin 1 (6.7)
Gentamicin 4 (26.7)
Ceftazidime 2 (13.3)
Cloxacillin 1 (6.7)
Metronidazole 1 (6.7)
Imipenem 1 (6.7)
Piperacillin–Tazobactam 0 (0)
Penicillin G 0 (0)

PROM, premature rupture of membrane; EOS, early-onset sepsis; LOHS, length of hospi
UVC, umbilical venous catheter; PICC, peripherally inserted central catheter; CVC, centra
number (%) or median (IQR) as appropriate. *p-values < 0.05 are considered statistically
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2. Material and methods

2.1. Study design

This study was a retrospective cohort review of the charts of
infants with culture-proven GN organisms admitted to the NICU
of our institution from January 2015 to September 2020.

The NICU has an average annual admission of 1100 patients,
including NICU levels 2 and 3. This study was conducted in accor-
dance with the Declaration of Helsinki and Good Pharmacoepi-
demiology Practices guidelines and was approved by the medical
ethical review committee of our institution with a waiver of con-
sent (reference number H1RI-25-Feb19-01).
tions treated with colistin or fluoroquinolone (n = 42).

Quinolone (n = 27) p-value

10 (37) 0.495
15 (55.6) 0.780
1 (2.4) 0.287
1 (2.4) 1
1 (2.4) 1
28 (25–34) 0.853
1140 (775–1740) 0.529
4 (3–6) 0.551
7 (6–8) 0.720
15 (55.6) 0.580
19 (70.4) 0.839
1 (3.7) 1
9 (33.3) 0.394
48 (21.25–67.75) 0.697
9 (6–15) 0.105
67 (52–91) 0.329
96 (57–120) 0.753
19 (70.4) 1
5 (18.5) 0.035*
23 (85.2) 0.013*

13 (48.1) 0.353
19 (70.4) 0.495
13 (48.1) 0.927
10 (37) 0.810

13 (48.1) 0.248
19 (70.4) 0.055
1 (3.7) 1

ne administration, n (%)
7 (25.9) 0.451
5 (18.5) 1
5 (18.5) 0.158
10 (37) 0.85
2 (7.4) 1
5 (18.5) 0.142
1 (3.7) 1
3 (11.1) 1
3 (11.1) 1
3 (11.1) 1
3 (14.8) 1
0 (0) 0.357
2 (7.4) 0.164
0 (0) 0.164
0 (0) 0.357
1 (3.7) 1
1 (3.7) 1
1 (3.7) 1
1 (3.7) 1

tal stay; MDROs, multi-drug resistant organisms; UAC, umbilical arterial catheter;
l venous catheter; VAP, ventilator associated pneumonia. Data are presented as the
significant.
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2.2. Inclusion and exclusion criteria

Infants included in this study were those admitted at KSMC
with GN bacteria who received either colistin or fluoroquinolone
(ciprofloxacin or levofloxacin) for 48 h or longer. Patients were
excluded if they had received previous therapy for less than 48 h
or had major congenital anomalies.

2.3. Data collection and follow-up

We retrospectively reviewed all the included patients’ charts
from the time of NICU admission until discharge or death. Demo-
graphic and clinical data, source of infection, laboratory tests
including microbiological studies (blood, urine, CSF, antimicrobial
sensitivity, culture results, and isolated pathogens), age at colistin
or fluoroquinolone treatment initiation, duration of treatment,
concomitant antibiotic treatments, and clinical outcomes data
were obtained for all the infants. Maternal data, including the pres-
ence of premature rupture of membrane, antenatal steroid treat-
ment, and mode of delivery, were also obtained. In addition, data
from laboratory tests, such as renal (creatinine and urea levels)
and liver (ALT, AST, and bilirubin levels) function tests, serum elec-
trolytes (calcium, magnesium, potassium, sodium, and phospho-
rus) at the beginning of the treatment, during colistin and
fluoroquinolone treatment, and at the end of the treatment were
also collected to assess possible adverse effects.

The primary outcome of the study was microbiological clear-
ance, which measured the incidence of clean cultures (blood, CSF,
urine, and tracheal aspirate) after at least 3 days of starting colistin
or fluoroquinolone.

The secondary outcome was the occurrence of adverse events
during colistin and fluoroquinolone therapy.

2.4. Statistical analysis

Before starting the analysis, the dataset was checked for missing
variables. Data were analyzed using Statistical Package for the
Fig. 1. Types of gram-negative bacteria among infants
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Social Sciences version 25.0 (SPSS Inc., Chicago, IL, USA). Descrip-
tive statistics, including means and standard deviations, medians,
25th and 75th percentiles, frequencies, and percentages, were used
to describe the maternal and neonatal variables depending on
distribution.

A Fisher’s exact test or Chi-squared test was used to determine
the association between categorical variables, as appropriate. A
Mann–Whitney U test was used for ordinal qualitative variables
(gestational age, birth weight, and Apgar score). For continuous
variables, an unpaired Student’s t-test was used; when data were
not normally distributed, a Mann–Whitney U test was performed.
A Kolmogorov–Smirnov test and visual inspection of histograms
were performed to verify the normality of distribution of the quan-
titative variables. Friedman two-way analysis of variance by ranks
was used to determine if there was a significant difference in kid-
ney and liver functional tests and electrolytes levels between the
first day, during, and at the end of the treatment, for both colistin
and fluoroquinolone. Later, when the p-value from the Friedman
test was statistically significant, a Wilcoxon signed-rank test was
used to determine which time point differed from others. Kidney
and liver functional tests and electrolyte values at the beginning
of colistin and fluoroquinolone treatment were compared with
the maximum value during the treatment, as well as with the value
at the end of the treatment, using a non-parametric test (Wilcoxon
signed-rank test). A Pearson test was used for correlation analysis
between serum creatinine and potassium levels. Kaplan–Meier
survival curves with log-rank tests were used to compare survival
among those who received colistin versus those who received flu-
oroquinolone. All statistical tests were two-tailed, and p-
values < 0.05 were considered statistically significant.
3. Results

Forty-two infants met the inclusion criteria and were eligible
for the final analysis. There were no significant differences
between the prenatal and postnatal demographic characteristics
who received either colistin or quinolone therapy.
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of the mothers and infants who were treated with either colistin
or fluoroquinolone (Table 1).

There were differences in comorbidities, sites of infection,
types of catheter, responsible pathogens, concomitant antibiotics,
and survival rates between the groups; however, these differ-
ences did not reach statistical significance. All the infants
received other antimicrobial agents prior to colistin or fluoro-
quinolone therapy. The most common concomitant antimicro-
bials were meropenem (38.1%) and vancomycin (26.2%).

There were 51 positive cultures in total. Infants who received
colistin and fluoroquinolone had 17 and 34 positive cultures with
GN organisms, respectively. Twenty-seven patients received flu-
oroquinolone with 34 positive cultures. Most patients presented
with sepsis as VAP, with six infants producing positive cultures
from more than one site. However, the organisms were primarily
isolated from blood in the colistin group, with two infants who
had positive cultures from more than one site.

Fig. 1 shows the distribution of GN organisms, including
MDRO-GN Acinetobacter baumannii, Pseudomonas aeruginosa,
Escherichia coli Extended Spectrum Beta-Lactamase (ESBL), and
carbapenem-resistant Enterobacteriaceae, according to colistin
and fluoroquinolone therapy. A. baumannii, including multi-
drug resistant Acinetobacter, was the most common causative
pathogen in infants treated with colistin (76.5%). Stenotrophomo-
nas maltophilia was the most isolated organism in the fluoro-
quinolone group cultures (53%), followed by E. coli (14.7%),
including E. coli ESBL (Fig. 1). One infant in the quinolone group
had two isolated organisms from one blood culture (A. baumannii
and E. coli ESBL). There were nine (53%) MDROs isolated from
infants treated with colistin, and five isolated from infants trea-
ted with quinolone (14.7%) (Fig. 1).

In both the groups, the median levels of creatinine, urea, ALT,
AST, and direct bilirubin showed a significant increase during
treatment (Table 2). The change between the levels at the begin-
ning of the treatment and those at the end of the treatment was
insignificant for creatinine and urea in both the groups; however,
the change between the beginning and end of the treatment was
significant for ALT and AST in the colistin group (P = 0.027 and
P = 0.008, respectively) and for direct bilirubin in the fluoro-
quinolone group (P = 0.014) (Fig. 2). However, no significant dif-
ferences in maximum values of these laboratory parameters were
observed between those who received colistin and
fluoroquinolones.

With respect to serum electrolyte levels, both colistin and flu-
oroquinolone treatment were associated with significant distur-
bances in sodium, potassium, calcium, magnesium, and
phosphorus levels between the median values on the first day
of treatment, and the median of the minimum andmaximum val-
ues during treatment (Table 3). Like the renal function tests, there
was no significant change between the beginning and end levels
of electrolytes in both the groups (Fig. 3).

We found no difference between courses of treatment in
terms of how fast the liver function tests (LFTs), renal function
tests (RFTs), and electrolytes reached peak levels after initiating
treatment, except for AST and sodium levels. AST and sodium
levels peaked three times faster in patients treated with fluoro-
quinolone (P = 0.032) than in those treated with colistin
(P = 0.041) (Table 4).

There was a significant correlation between maximum serum
creatinine and potassium levels (P = 0.003, r2 = 0.216). Further-
more, Kaplan–Meier curves demonstrated no relationship
between either colistin or fluoroquinolone and survival rate
(log-rank test, P = 0.539).



Fig. 2. Boxplot of the distribution of serum creatinine, urea, ALT, AST, and direct bilirubin levels on the first day of treatment (Initial), at the peak value (Maximum), and at the
end of treatment (End). The horizontal line within the boxes represents the median baseline value on the first day of colistin treatment. The dotted line within the boxes
represents the median baseline value on the first day of fluoroquinolone treatment. ALT, alanine transaminase; AST, aspartate transaminase.
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4. Discussion

We found that both colistin and fluoroquinolone were used to
treat LOS caused by GN organisms, including MDROs. We demon-
strated that colistin and fluoroquinolone were associated with
impairments in hepatic and renal functions during treatment.
Additionally, either an increase or decrease in serum electrolytes
was found in both the treatment groups. Fluoroquinolones was
associated with increases in AST and serum sodium levels faster
than colistin.

Colistin was the primary choice to treat GN sepsis six decades
ago; however, it was replaced with aminoglycosides due to
nephrotoxicity and neurotoxicity (Falagas and Kasiakou, 2005; Li
et al., 2006; Eljaaly et al., 2021; Owen et al, 2007; Poudyal et al.,
1017
2008). This led to the restriction of their use to only MDROs such
as A. baumannii and K. pneumoniae (Falagas and Kasiakou, 2005;
Li et al., 2006). In our study, we found that colistin was associated
with impaired hepatic and renal functions and serum electrolytes
during treatment; this disturbance also persisted for AST and
ALT. Other studies pertaining to the use of colistin in term and pre-
term infants demonstrated a variety of renal impairments and
electrolytes disturbances (Iosifidis et al., 2010; Jajoo et al., 2011;
Alan et al., 2014; Jasani et al., 2016; Çağan et al., 2017; Ilhan
et al., 2018). These studies showed heterogeneous results in terms
of acute kidney injury: 19% in Alan et al. (Alan et al., 2014) and 0%
in Jasani et al. (Jasani et al., 2016). Similarly, for serum electrolytes,
Ipek et al. (Ipek et al., 2017) and Ilhan et al. (Ilhan et al., 2018)
demonstrated hypokalemia and hypomagnesemia in patients
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receiving colistin; however, Alan et al. showed hypomagnesemia
only (Alan et al., 2014), and Jasani et al. showed no electrolyte dis-
turbance (Jasani et al., 2016).

Fluoroquinolones are broad-spectrum bactericidal antibiotics
that have re-emerged after antibiotic resistance and have become
more prominent (Jackson and Schutze, 2016). Despite precautions
about their potential joint and musculoskeletal toxicities in adoles-
cents, as well as the lack of specific information in neonates, they
have been used to treat life-threatening infections in neonates
(Forsythe and Ernst, 2007; Bradley and Jackson, 2011). Indications
for fluoroquinolone treatment in our study were similar to those of
colistin; they are prescribed for MDRO-GN and are associated with
similar side effects. They were associated with renal and hepatic
impairment and serum electrolyte disturbances during treatment.
Direct bilirubin was more prominent than other multiorgan mea-
surements and remained abnormal even after the fluoroquinolone
course ended. A recent case series reported six cases of preterm
and term infants treated with ciprofloxacin for MDRO-GN
(Newby et al., 2017). Newby et al. stated that the outcome of treat-
ment was successful without major renal, hepatic, or serum elec-
trolyte disturbances (Newby et al., 2017). A systematic review on
ciprofloxacin use in neonates was published nearly 10 years ago;
Kaguelidou et al. collected five cohort studies and 27 single case
reports; however, measurements of efficacy were only available
in one cohort study (64%) (Kaguelidou et al., 2011). The other
cohort studies only included infant survival; therefore, an estima-
tion of clinical response was not possible.

The microbiological clearance in the present study was higher
in the fluoroquinolone group (85%) than in the colistin group
(53%). This may be attributed to the higher proportion of MDROs
in the colistin group. By reviewing the rate of microbiological
clearance on colistin efficacy in previous studies, we found that it
ranged between 69% and 88% (Alan et al., 2014; Çağan et al.,
2017; Ilhan et al., 2018). We subsequently delved into the reasons
for this difference between our study and the others. We found
that some studies included term infants in whom the response to
treatment was greater than that of the premature infants (Jajoo
et al., 2011; Lexicomp Online, 2020; Nakwan et al., 2019). In other
studies, some patients received colistin empirically without wait-
ing for culture results, which could be negative (Kaguelidou
et al., 2011; Alan et al., 2014). Furthermore, the percentage of
MDROs varied in some studies, despite not being mentioned
(Jajoo et al., 2011; Alan et al., 2014).

There were some limitations of our study: (1) it was a retro-
spective study without a control group, (2) it was difficult to assess
the neurologic complications in the colistin group as the patients
were premature and markedly ill, and (3) the concomitant use of
antibiotics may play a role in developing the systemic side effects
in both groups; therefore, a well-designed prospective study is
required to determine the efficacy and safety of colistin and fluoro-
quinolone in premature infants.
5. Conclusion

Our findings demonstrate that both colistin and fluoro-
quinolone used in the treatment of persistent or MDRO gram-
negative LOS, associated with hepatic and renal function impair-
ment and serum electrolyte disturbance; therefore, these medica-
tions must be used with caution, under particular circumstances,
and when there is no safe and effective alternative. This study
demonstrates: (1) the difficulty with regards to LOS treatment
and the management of patients, especially those with MDRO-
GN, (2) that colistin and fluoroquinolone have systemic side effects
which require observation during treatment, and (3) that these



Table 4
The day of treatment when maximum levels of RFT, LFT, and electrolytes were
attained among infants treated with colistin or fluoroquinolone.

Parameter Median (days) of
colistin

Median (days) of
quinolone

p-
value

Creatinine 11 (4–12) 6.5 (1–11.25) 0.391
Urea 5 (2–12) 5.5 (1–9.5) 0.683
ALT 15 (4–20) 5 (2.75–11) 0.109
AST 15 (5–20) 5 (2.75–10.25) 0.032*
Direct

bilirubin
8 (2–15) 6 (2–12) 0.765

Sodium 9 (3–19) 3.5 (1.75–8.25) 0.041*
Potassium 6 (4–12) 6 (4–12) 0.855
Magnesium 11 (6–15) 7 (5–11) 0.427
Calcium 5 (4–16) 7 (2–12) 1
Phosphorus 6 (3–11) 7 (3–10) 0.705

Fig. 3. Boxplot of the distribution of serum sodium, potassium, magnesium, calcium, and phosphorus levels on the first day of treatment (Initial), at the peak value
(Maximum), and at the end of treatment (End). The horizontal line within the boxes represents the median baseline value on the first day of colistin treatment. The dotted line
within the boxes represents the median baseline value on the first day of fluoroquinolone treatment.
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patients require follow-up, even after discharge, to ensure that
there are no long-term sequelae.
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Çağan, E., Kiray, Bas�, E., Asker, H.S., 2017. Use of colistin in a neonatal intensive care
unit: A cohort study of 65 patients. Med. Sci. Monit. 23, 548–554. https://doi.
org/10.12659/msm.898213.

Callaghan, W.M., MacDorman, M.F., Rasmussen, S.A., Qin, C., Lackritz, E.M., 2006.
The contribution of preterm birth to infant mortality rates in the United States.
Pediatrics 118 (4), 1566–1573. https://doi.org/10.1542/peds.2006-0860.

Cantey, J.B., Milstone, A.M., 2015. Bloodstream infections: epidemiology and
resistance. Clin. Perinatol. 42 (1), 1–16. https://doi.org/10.1016/
j.clp.2014.10.002.

Eljaaly, K., Bidell, M.R., Gandhi, R.G., Alshehri, S., Enani, M.A., Al-Jedai, A., Lee, T.C.,
2021. Colistin nephrotoxicity: Meta-analysis of randomized controlled trials.
Open Forum Infect. Dis. 8, ofab026.

Falagas, M.E., Kasiakou, S.K., Saravolatz, L.D., 2005. Colistin: the revival of
polymyxins for the management of multidrug-resistant gram-negative
bacterial infections. Clin. Infect. Dis. 40 (9), 1333–1341. https://doi.org/
10.1086/429323.

Forsythe, C.T., Ernst, M.E., 2007. Do fluoroquinolones commonly cause arthropathy
in children? CJEM 9 (06), 459–462. https://doi.org/10.1017/
S1481803500015517.

Griffin, M.P., Lake, D.E., O’Shea, T.M., Moorman, J.R., 2007. Heart rate characteristics
and clinical signs in neonatal sepsis. Pediatr. Res. 61 (2), 222–227. https://doi.
org/10.1203/01.pdr.0000252438.65759.af.

Ilhan, O., Bor, M., Ozdemir, S.A., Akbay, S., Ozer, E.A., 2018. Efficacy and safety of
intravenous colistin in very low birth weight preterm infants. Paediatr. Drugs.
20 (5), 475–481. https://doi.org/10.1007/s40272-018-0301-5.

Iosifidis, E., Antachopoulos, C., Ioannidou, M., Mitroudi, M., Sdougka, M., Drossou-
Agakidou, V., Tsivitanidou, M., Roilides, E.L., 2010. Colistin administration to
1020
pediatric and neonatal patients. Eur. J. Pediatr. 169, 867–874. https://doi.org/
10.1007/s00431-009-1137-3.

Ipek, M.S., Aktar, F., Okur, N., Celik, M., Ozbek, E., 2017. Colistin use in critically ill
neonates: A case-control study. Pediatr. Neonatol. 58, 490–496. https://doi.org/
10.1016/j.pedneo.2016.10.002.

Jackson, M.A., Schutze, G.E., 2016. Committee on Infectious Diseases. The use of
systemic and topical fluoroquinolones. Pediatrics 138 (5), e20162706. https://
doi.org/10.1542/peds.2016-2706.

Jajoo, M., Kumar, V., Jain, M., Kumari, S., Manchanda, V., 2011. Intravenous colistin
administration in neonates. Pediatr. Infect. Dis. J. 30, 218–221. https://doi.org/
10.1097/INF.0b013e3182064bfe.

Jasani, B., Kannan, S., Nanavati, R., Gogtay, N.J., Thatte, U., 2016. An audit of colistin
use in neonatal sepsis from a tertiary care centre of a resource-limited country.
Indian J. Med. Res. 144, 433–439. https://doi.org/10.4103/0971-5916.198682.

Kaguelidou, F., Turner, M.A., Choonara, I., Jacqz-Aigrain, E., 2011. Ciprofloxacin use
in neonates: a systematic review of the literature. Pediatr. Infect. Dis. J. 30, e29–
e37. https://doi.org/10.1097/INF.0b013e3181fe353d.

Lessa, F.C., Edwards, J.R., Fridkin, S.K., Tenover, F.C., Horan, T.C., Gorwitz, R.J., 2009.
Trends in incidence of late-onset methicillin-resistant Staphylococcus aureus
infection in neonatal intensive care units: data from the National Nosocomial
Infections Surveillance System, 1995–2004. Pediatr. Infect. Dis. J. 28, 577–581.
https://doi.org/10.1097/INF.0b013e31819988bf.

Lexicomp Online, 2020. Pediatric & Neonatal Lexi-Drugs. Hudson OL-C, Inc. http://
webstore.lexi.com/Pediatric-Lexi-Drugs.

Li, J., Nation, R.L., Turnidge, J.D., Milne, R.W., Coulthard, K., Rayner, C.R., Paterson, D.
L., 2006. Colistin: the re-emerging antibiotic for multidrug-resistant gram-
negative bacterial infections. Lancet Infect. Dis. 6 (9), 589–601. https://doi.org/
10.1016/S1473-3099(06)70580-1.

Liu, L., Oza, S., Hogan, D., Chu, Y., Perin, J., Zhu, J., Lawn, J.E., Cousens, S., Mathers, C.,
Black, R.E., 2016. Global, regional, and national causes of under-5 mortality in
2000–15: an updated systematic analysis with implications for the Sustainable
Development Goals. Lancet 388 (10063), 3027–3035. https://doi.org/10.1016/
S0140-6736(16)31593-8.

Mithal, L.B., Yogev, R., Palac, H.L., Kaminsky, D., Gur, I., Mestan, K.K., 2018. Vital signs
analysis algorithm detects inflammatory response in premature infants with
late onset sepsis and necrotizing enterocolitis. Early Hum. Dev. 117, 83–89.
https://doi.org/10.1016/j.earlhumdev.2018.01.008.

Nakwan, N., Chokephaibulkit, K., Imberti, R., 2019. The use of colistin for the
treatment of multidrug-resistant gram-negative infections in neonates and
infants: A review of the literature. Pediatr. Infect. Dis. J. 38, 1107–1112. https://
doi.org/10.1097/INF.0000000000002448.

Newby, B.D., Timberlake, K.E., Lepp, L.M., Mihic, T., Dersch-Mills, D.A., 2017.
Levofloxacin use in the neonate: A case series. J. Pediatr. Pharmacol. Ther. 22,
304–313. https://doi.org/10.5863/1551-6776-22.4.304.

Owen, R.J., Li, J., Nation, R.L., Spelman, D., 2007. In vitro pharmacodynamics of
colistin against Acinetobacter baumannii clinical isolates. J. Antimicrob.
Chemother. 59, 473–477. https://doi.org/10.1093/jac/dkl512.

Poudyal, A., Howden, B.P., Bell, J.M., Gao, W., Owen, R.J., Turnidge, J.D., Nation, R.L.,
Li, J., 2008. In vitro pharmacodynamics of colistin against multidrug-resistant
Klebsiella pneumoniae. J. Antimicrob. Chemother. 62, 1311–1318. https://doi.
org/10.1093/jac/dkn425.

Shane, A.L., Stoll, B.J., 2014. Neonatal sepsis: progress towards improved outcomes.
J. Infect. 68, S24–S32. https://doi.org/10.1016/j.jinf.2013.09.011.

Stoll, B.J., Hansen, N., Fanaroff, A.A., Wright, L.L., Carlo, W.A., Ehrenkranz, R.A.,
Lemons, J.A., Donovan, E.F., Stark, A.R., Tyson, J.E., et al., 2002. Late-onset sepsis
in very low birth weight neonates: the experience of the NICHD Neonatal
Research Network. Pediatrics 110 (2), 285–291. https://doi.org/10.1542/
peds.110.2.285.

Sullivan, B.A., Fairchild, K.D., 2015. Predictive monitoring for sepsis and necrotizing
enterocolitis to prevent shock. Semin. Fetal Neonatal Med. 20, 255–261. https://
doi.org/10.1016/j.siny.2015.03.006.

Tsai, M.H., Chu, S.M., Hsu, J.F., Lien, R., Huang, H.R., Chiang, M.C., Fu, R.H., Lee, C.W.,
Huang, Y.C., 2014. Risk factors and outcomes for multidrug-resistant gram-
negative bacteremia in the NICU. Pediatrics 133 (2), e322–e329. https://doi.org/
10.1542/peds.2013-1248.

https://doi.org/10.1016/j.jsps.2021.07.014
https://doi.org/10.1055/s-0000000910.1055/s-004-2803310.1055/s-0034-1371361
https://doi.org/10.1055/s-0000000910.1055/s-004-2803310.1055/s-0034-1371361
https://doi.org/10.1186/s12941-016-0126-4
https://doi.org/10.4103/jcn.JCN_18_18
https://doi.org/10.4103/jcn.JCN_18_18
https://doi.org/10.23736/S0026-4946.19.05640-8
https://doi.org/10.23736/S0026-4946.19.05640-8
https://doi.org/10.2471/BLT.00.0000010.2471/BLT.10.0110.2471/BLT.08.062554
https://doi.org/10.2471/BLT.00.0000010.2471/BLT.10.0110.2471/BLT.08.062554
https://doi.org/10.1542/peds.2011-1496
https://doi.org/10.12659/msm.898213
https://doi.org/10.12659/msm.898213
https://doi.org/10.1542/peds.2006-0860
https://doi.org/10.1016/j.clp.2014.10.002
https://doi.org/10.1016/j.clp.2014.10.002
http://refhub.elsevier.com/S1319-0164(21)00141-9/h0065
http://refhub.elsevier.com/S1319-0164(21)00141-9/h0065
http://refhub.elsevier.com/S1319-0164(21)00141-9/h0065
https://doi.org/10.1086/429323
https://doi.org/10.1086/429323
https://doi.org/10.1017/S1481803500015517
https://doi.org/10.1017/S1481803500015517
https://doi.org/10.1203/01.pdr.0000252438.65759.af
https://doi.org/10.1203/01.pdr.0000252438.65759.af
https://doi.org/10.1007/s40272-018-0301-5
https://doi.org/10.1007/s00431-009-1137-3
https://doi.org/10.1007/s00431-009-1137-3
https://doi.org/10.1016/j.pedneo.2016.10.002
https://doi.org/10.1016/j.pedneo.2016.10.002
https://doi.org/10.1542/peds.2016-2706
https://doi.org/10.1542/peds.2016-2706
https://doi.org/10.1097/INF.0b013e3182064bfe
https://doi.org/10.1097/INF.0b013e3182064bfe
https://doi.org/10.4103/0971-5916.198682
https://doi.org/10.1097/INF.0b013e3181fe353d
https://doi.org/10.1097/INF.0b013e31819988bf
https://doi.org/10.1016/S1473-3099(06)70580-1
https://doi.org/10.1016/S1473-3099(06)70580-1
https://doi.org/10.1016/S0140-6736(16)31593-8
https://doi.org/10.1016/S0140-6736(16)31593-8
https://doi.org/10.1016/j.earlhumdev.2018.01.008
https://doi.org/10.1097/INF.0000000000002448
https://doi.org/10.1097/INF.0000000000002448
https://doi.org/10.5863/1551-6776-22.4.304
https://doi.org/10.1093/jac/dkl512
https://doi.org/10.1093/jac/dkn425
https://doi.org/10.1093/jac/dkn425
https://doi.org/10.1016/j.jinf.2013.09.011
https://doi.org/10.1542/peds.110.2.285
https://doi.org/10.1542/peds.110.2.285
https://doi.org/10.1016/j.siny.2015.03.006
https://doi.org/10.1016/j.siny.2015.03.006
https://doi.org/10.1542/peds.2013-1248
https://doi.org/10.1542/peds.2013-1248

	Safety and efficacy of colistin and fluoroquinolone in neonatal persistent late-onset sepsis
	1 Introduction
	2 Material and methods
	2.1 Study design
	2.2 Inclusion and exclusion criteria
	2.3 Data collection and follow-up
	2.4 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion
	Funding
	Declaration of Competing Interest
	Acknowledgements
	Appendix A Supplementary material
	References


