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ABSTRACT

Background: The prevalence of certain mul-
tidrug-resistant organisms (MDROs), especially
Gram-negative bacteria, is dramatically
increasing in patient care settings, including
pediatric and neonatal units. However, most of
the new drugs available for the treatment of
MDROs have not yet been studied in children
and newborns.
Case report: We report the clinical case of a
preterm neonate, born at 31 weeks gesta-
tion ? 1 day of age by emergency Cesarean
Section (CS), with a bloodstream infection (BSI)
due to a Verona integron-borne metallo-b-lac-
tamase (VIM)-producing Klebsiella pneumoniae.
We successfully treated the infection with
cefiderocol in an off-label regimen at the

following dose: loading dose 60 mg/kg and then
40 mg/kg every 8 h in extended infusion for
9 days. The baby showed a quick clinical and
biochemical improvement and tolerated
well the treatment. Follow-up blood cultures at
48 h after the start of cefiderocol were negative.
Conclusions: Antimicrobial-resistant patho-
gens are of increasing concern in neonatal set-
tings. More studies in this unique population
are necessary to better describe the pharma-
cokinetic and pharmacodynamic profile of the
new drugs against MDROs, such as cefiderocol,
and to define a proper effective dose.
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Key Summary Points

Several new drugs are available for the
treatment of infections caused by
multidrug-resistant organisms (MDROs),
especially Gram-negative bacteria.
However, most of the new drugs available
for the treatment of MDROs have not yet
been studied in children and newborns.

We report the clinical case of a preterm
neonate, born at 31 weeks
gestation ? 1 day of age by emergency
Cesarean section, with a bloodstream
infection (BSI) due to a Verona integron-
borne metallo-b-lactamase (VIM)-
producing Klebsiella pneumonia and
successfully treated with cefiderocol in an
off-label regimen.

INTRODUCTION

Antimicrobial resistance (AMR) is one of the
main healthcare threats globally in recent dec-
ades, significantly increasing the overall hospi-
tal mortality rate, the need for intensive care
units (ICUs), the length of stay in hospital, and
healthcare costs [1]. According to the World
Health Organization (WHO) estimates, of the
700,000 deaths caused yearly by multidrug-re-
sistant organisms (MDROs) across all ages
around the world, 214,000 were attributable to
newborns [2, 3]. However, studies focusing on
the global burden of AMR among children and
neonates are still lacking.

The overuse and misuse of antibiotics
around the world is worsening the AMR phe-
nomenon not only among adults but also in the
pediatric setting [2, 4–6]. Several studies have
suggested that half of antibiotics used in both
inpatient and outpatient pediatric settings are
not indicated [7–9]. Furthermore, the preva-
lence of certain MDROs, especially Gram-nega-
tive (MDR-GN) bacteria, is dramatically
increasing in patient care settings, including
pediatric and neonatal units [10–14], with

consequently higher morbidity and mortality
rates [12, 15].

Newborns, especially if born preterm, are at a
high risk of infection because of the immature
immune system, prolonged hospitalization, and
use of invasive devices [10]. Moreover, in these
patients the treatment of infections caused by
MDROs is particularly challenging, since most
of the new drugs available for the treatment of
MDROs have not yet been studied in children
and newborns, and their use is often off-label.

We report the clinical case of a preterm
newborn with a bloodstream infection (BSI) due
to a Verona integron-borne metallo-b-lactamase
(VIM)-producing Klebsiella pneumoniae treated
with cefiderocol.

CASE REPORT AND DISCUSSION

A female preterm neonate, born at 31 weeks
gestation (GA) ? 1 day of age by emergency
Cesarean section (C-section) due to maternal
pre-eclampsia (Apgar index 7 at minute 1 and 8
at minute 5), with a birth weight of 1100 g, was
admitted to the neonatal intensive care unit
(NICU) soon after delivery on July 19, 2022. The
mother suffered from gestational diabetes trea-
ted with a balanced, healthy diet. The baby
showed a fetal growth restriction until the 26th
week of GA.

In the first days after birth, the baby needed
non-invasive supplementary oxygen therapy
through CPAP (continuous positive airway
pressure) with FiO2 of 21%. Given the prema-
turity, in accordance with national protocols
the baby received routine antibiotic therapy
with ampicillin/sulbactam and netilmicin.
However, she was later exposed to meropenem,
because of drug intolerance. The therapy was
administered through an epicutaneo-cava
catheter, which was positioned on the fifth day
of life.

On day 20 (33 weeks ? 6 days adjusted GA),
the newborn showed a worsening of clinical
conditions, with feeding intolerance and
bradycardia. An increase in white blood cell
counts (20,000/mm3), C-reactive protein (CRP,
five times upper limit of normal, ULN), and
procalcitonin (PCT, 14 ng/ml) and a decrease in
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platelet count (65,000/mm3) were observed.
Arterial blood cultures were immediately
obtained, the central catheter was removed, and
an empirical antibiotic treatment with van-
comycin and netilmicin was started. In a few
hours, K. pneumoniae group and the production
of VIM metallo-beta-lactamase, as a mechanism
of resistance, were detected by fast GenMark Dx
ePlex system (GenMark Diagnostics, Inc.,
Carlsbad, CA, USA) identification panels for
Gram-positive, Gram-negative, and Candida
species.

The baby was hemodynamically stable, and
the weight was 1300 g. In accordance with the
infectious disease consultant, cefiderocol in
monotherapy as an off-label regimen was star-
ted at a dose of 60 mg/kg loading dose, followed
by 40 mg/kg every 8 h in extended infusions
(3–4 h long), according to the single paper in
the literature regarding the dose of cefiderocol
in pediatric subjects [16]. In accordance with
the Ethic Committee of the University of
Campania L. Vanvitelli, we obtained the

parents’ written consent for the use of cefide-
rocol in an off-label regimen. Moreover, isola-
tion precautions were rapidly put in place,
according to the infection prevention and
control (IPC) program of our hospital. In order
to avoid a VIM-producing K. pneumoniae cluster
in the NICU, the patient and all the neonates
hospitalized in the unit in the same period were
screened for carbapenem-resistant Enterobac-
terales (CRE). The rectal swab of the patient
showed an intestinal colonization by extended-
spectrum beta-lactamase (ESBL)-producing
K. pneumoniae and Pseudomonas aeruginosa.
Another neonate developed a positive rectal
swab for the same strain of K. pneumonia. She
was admitted to the NICU 2 days after patient 1
had a bloodstream infection (BSI), and her rec-
tal swab was positive for a VIM-producing
K. pneumoniae 7 days after admission to the
NICU, but she did not develop a CRE infection.
No other patient had intestinal CRE.

The patient’s initial blood culture confirmed
the presence of K. pneumoniae using the Maldi-

Table 1 Clinical, biochemical, and microbiological data before and during cefiderocol treatment

Day of admission Day of BSI Day 12 Day 17 EOT

Heart rate, BPM 130 126 132 135 130

RR/min 60 58 65 55 60

SpO2, % 96 97 98 98 98

Oxygen supplementation, yes/no Y N N N N

Temperature, �C 36.2 36.5 36.4 36.7 36.5

WBC cells/mm3 (according to age) 7190 20,610 15,690 11,110 14,220

PLT cells/mm3 (150,000–450,000)a 150,000 63,000 155,000 202,000 291,000

Creatinine, mg/dl (0.3–1) 0.69 0.55 0.46 0.35 0.44

Total bilirubin, mg/dl (according to age) 1.8 3.1 3.8 2.5 4.28

CRP, times ULN (\ 1) 0.03 1.79 3.4 0.38 0.08

PCT, ng/ml (\ 0.5) NA 14 2.04 NA 0.18

Blood cultures, result Negative Positive Negative Negative Negative

BSI blood stream infection, EOT end of treatment, BPM beats per minute, RR respiratory rate, SpO2 peripheral oxygen
saturation, Y/N yes/no, WBC white blood cells, PLT platelet count, CRP C-reactive protein, ULN upper limit of normal,
PCT procalcitonin, NA not available
aRange of normal values in brackets
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Tof MS system (Bruker; Berlin, Germany). The
phenotypic antibiogram performed with the BD
PhoenixTM M50 system (Becton Dickinson,
Franklin Lakes, NJ, USA) showed intermediate
susceptibility to imipenem (minimum inhibi-
tory concentration, MIC 4 mg/l), resistance to
ertapenem (MIC 1 mg/l), and susceptibility to
cefiderocol (MIC 0.125 mg/l), according to
EUCAST criteria 2022. The molecular antibi-
ogram confirmed the identification of VIM-
metallo-b-lactamases (MBL) by the Xpert Carba-
R test, performed using the GeneXpert platform
(Cepheid; Sunnyvale, CA, USA).

Clinical, biochemical, and microbiological
data during antimicrobial therapy are shown in
Table 1. The baby showed a quick improvement
in clinical conditions and biochemical values
and tolerated the antibiotic treatment well. As
early as 48 hours after the start of cefiderocol,
we observed a decrease in white blood cells
(15,690/mm3), and inflammatory markers (CRP
three times ULN, PCT 2 ng/ml). Platelet count
increased and reached normal values, i.e.,
155,000 cell/mm3 (normal range
150,000–450,000). Follow-up blood cultures
were performed 48 h after the introduction of
the active therapy and resulted negative.
Inflammatory markers continued to decrease
and became negative after 5 days of therapy. We
discontinued cefiderocol at day 9 of therapy.
Fourteen days after the BSI, the patient was in
good clinical condition, but still hospitalized
because of prematurity issues and feeding
intolerance.

Our paper reports the case of a preterm
newborn (31 weeks ? 1 day GA) with a BSI due
to a VIM-producing K. pneumoniae successfully
treated with cefiderocol in an off-label regimen.
Thanks to rapid microbiology techniques, we
were able to start active antibiotic therapy a few
hours after the worsening of the clinical
conditions.

To date, cefiderocol is an antibiotic indicated
for the treatment of infections due to aerobic
Gram-negative organisms in adults with limited
treatment options at a dose of 2 g every 8 h [17].
The safety and efficacy of the drug in children
below 18 years of age have not yet been estab-
lished [17]. No data are available on the dose in
children, especially in neonates, nor have case

reports been described in the literature. Only
Katsube et al., in a poster published in 2019,
suggested a pediatric dose of cefiderocol in
subjects from birth to less than 18 years of age,
developing a pharmacokinetic (PK) model in
children relying on PK data from adults [16]. In
order to provide adequate exposure, colleagues
proposed a dose based on age and body weight.
From 3 months to 18 years, the dose of 60 mg/
kg (maximum 2 g) every 8 h (q8h) was selected
as a standard dose. The dose for infants aged less
than 2 months was adjusted according to ges-
tational age: below 32 weeks GA, 30 mg/kg q8h;
above or equal to 32 weeks GA, 40 mg/kg q8h.

According to this PK model, since no other
case reports on the use of cefiderocol in neo-
nates were available, we decided to use the fol-
lowing dose of cefiderocol in an off-label
regimen, considering the adjusted GA
(33 weeks ? 6 days GA): 60 mg/kg as the load-
ing dose and then 40 mg/kg every 8 h in
extended infusion of 3 hours. We decided to use
cefiderocol in monotherapy since the patient
was hemodynamically stable. Moreover, a
source control, i.e., removal of the midline,
had already been performed. The therapy was
well tolerated and was associated with a quick
clinical response, suggesting that this important
antibiotic may also be used in the neonatal
population with infections caused by MDR-GN
bacteria.

Neonates admitted to NICUs are at a high
risk of bacterial infections, especially MDR
infections, for several causes: prematurity,
immature immune system, prolonged hospital-
ization, and frequent need for invasive devices
and antibiotics. Despite the global attention
given to MDR infections in adults, data on the
current burden of AMR in children and espe-
cially neonates are still scanty. An increasing
rate of MDR-GN infections in neonatal units
has been described in the literature [12, 18, 19].
In particular, a recent narrative review by Flan-
nery et al. reported a worrisome emergence of
ESBL-producing Enterobacterales and car-
bapenem-resistant Enterobacterales in neonatal
settings [10]. Colleagues described a variable
ESBL intestinal colonization rate: from 5% in
the USA [8] to 9.6% in Portugal [20], and a range
from 49% to 85.9% in low- to middle-income
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countries [21–23]. Regarding the intestinal col-
onization by carbapenem-resistant organisms,
the reported rates are less frequent: from 2.6%
in Turkey [24] to 7.5% and 8.7% in Cambodia
[25] and India [23], respectively, and 9.2% in
China. A systematic review conducted by Ding
et al. in 2019, describing the antibiotic suscep-
tibility profile of carbapenem-resistant Enter-
obacteriaceae responsible for neonatal sepsis in
China, reported 39 isolates of Klebsiella pneu-
moniae and Escherichia coli resistant to car-
bapenems out of a total of 740 Gram-negative
isolates in neonates (39/740, 5.3%) [19]. Geno-
typic characteristics were available for 21 iso-
lates (20 K. pneumoniae, 1 E. coli). The most
frequently reported genotype was New
Delhi–metallo-betalactamase (NDM-1, 81.0%),
followed by KPC-2 (9.5%) and IMP-4 (9.5%).
Moreover, in 15 isolates, ESBL (66.7% carried
TEM and SHV genotypes, 80.0% CTX-M), and
in 7 AmpC genes were detected.

Many risk factors have been associated with
colonization and infection caused by MDROs in
newborns [10]. Among them, prematurity (be-
low 37 weeks GA), birth weight below 1500 g,
prolonged hospitalization (15 days or more),
mechanical ventilation, central venous cathe-
ters, and invasive devices are the most fre-
quently reported [13, 26–29]. Other important
risk factors are physical proximity to other
patients with MDRO infection/colonization,
cumulative exposure to antibiotics, prior expo-
sure to third-generation cephalosporins and
carbapenems, maternal colonization, under-
staffing and overcrowding in NICUs, hand
hygiene, and poor IPC measures
[24, 26, 28, 30–32]. In fact, horizontal dissemi-
nation is the most commonly reported source of
an MDR-GN outbreak [31].

Overuse and misuse of antibiotics contribute
to the acquisition and spread of infections due
to antibiotic-resistant bacteria [5, 6]. It is esti-
mated that misuse of antibiotics in NICUs may
be as high as 20–50% [33]. To tackle the emer-
gence of resistance, regulatory authorities and
scientific societies have published international
guidelines that recommend the implementa-
tion of Antibiotic Stewardship Programs (ASPs)
in both adult and pediatric hospitals, with the
aim of improving the appropriateness of

antibiotic prescriptions, including the indica-
tion, choice of molecule, route of administra-
tion, and duration of therapy [9, 34–37].
Already in 2016 the Infectious Diseases Society
of America (IDSA) suggested the implementa-
tion of Antimicrobial Stewardship (AS) inter-
ventions to reduce inappropriate antibiotic use
and resistance rate in NICUs [37]. In 2020,
experts from the Centers for Disease Control
and Prevention (CDC) defined the prevention
of MDR-GN infections as a top pediatric
research priority [9, 10].

CONCLUSIONS

We report the first case of a newborn treated
with cefiderocol for a BSI due to a VIM-pro-
ducing K. pneumoniae, with an excellent clinical
response and tolerability. More studies in this
unique population are necessary to better
describe the pharmacokinetic and pharmaco-
dynamic profile of the new drugs against
MDROs, such as cefiderocol, and to define a
proper effective dose.
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Federica Calò, Serena Ascione, Elisabetta Car-
edda, Anna Maietta, Paolo Montaldo, Umberto
Pugliese, Giovanna Donnarumma, Fortunato
Montella, and Massimiliano Galdiero, have
nothing to disclose.

Compliance with Ethics Guidelines. We
have obtained the parents’ written consent for
the publication of this case report. All proce-
dures performed in this study were in accor-
dance with Ethics Committee of the University
of Campania L. Vanvitelli, Naples and with the
1964 Helsinki declaration and its later amend-
ments or comparable ethics standards.

Open Access. This article is licensed under a
Creative Commons Attribution-NonCommer-
cial 4.0 International License, which permits
any non-commercial use, sharing, adaptation,
distribution and reproduction in any medium
or format, as long as you give appropriate credit
to the original author(s) and the source, provide
a link to the Creative Commons licence, and
indicate if changes were made. The images or
other third party material in this article are
included in the article’s Creative Commons
licence, unless indicated otherwise in a credit
line to the material. If material is not included
in the article’s Creative Commons licence and
your intended use is not permitted by statutory
regulation or exceeds the permitted use, you
will need to obtain permission directly from the
copyright holder. To view a copy of this licence,
visit http://creativecommons.org/licenses/by-
nc/4.0/.

DATA AVAILABILITY

Not applicable.

REFERENCES

1. WHO. Global action plan on antimicrobial resis-
tance. 2016. https://www.who.int/publications/i/
item/9789241509763. Accessed 21 Sept 2022.

2. Romandini A, Pani A, Schenardi PA, et al. Antibi-
otics resistance in pediatric infections: global
emerging threats predicting the near future.
Antibiotic. 2021. https://doi.org/10.3390/
antibiotics10040393.

3. WHO Regional Office for Europe. Fact sheets on
sustainable development goals: health targets.
Antimicrobial resistance. 2017. https://www.euro.
who.int/__data/assets/pdf_file/0005/348224/Fact-
sheet-SDG-AMR-FINAL-07-09-2017.pdf. Accessed
21 Sept 2022.

4. Chung A, Perera R, Brueggemann AB et al. Effect of
antibiotic prescribing on antibiotic resistance in
individual children in primary care: prospective
cohort study. Br Med J. 2007. http://www.bmj.
com/.
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Tuna M. Multi-drug-resistant Enterobacteriaceae in a
Portuguese neonatal intensive care unit. J Hosp
Infect. 2017;96(2):130–1.

21. Sands K, Carvalho MJ, Portal E, et al. Characteriza-
tion of antimicrobial-resistant Gram-negative bac-
teria that cause neonatal sepsis in seven low- and
middle-income countries. Nat Microbiol 2021;6(4):
512-523. https://doi.org/10.1038/s41564-021-
00870-7.

22. Okomo U, Akpalu ENK, Le Doare K, et al. Aetiology
of invasive bacterial infection and antimicrobial
resistance in neonates in sub-Saharan Africa: a sys-
tematic review and meta-analysis in line with the
STROBE-NI reporting guidelines. Lancet Infect Dis.
2019;19(11):1219–34. https://doi.org/10.1016/
S1473-3099(19)30414-1.

23. Smith A, Anandan S, Veeraraghavan B, Thomas N.
Colonization of the preterm neonatal gut with
carbapenem-resistant Enterobacteriaceae and its
association with neonatal sepsis and maternal gut
flora. J Glob Infect Dis. 2020;12(2):101–4.

24. Akturk H, Sutcu M, Somer A, et al. Carbapenem-
resistant Klebsiella pneumoniae colonization in
pediatric and neonatal intensive care units: risk
factors for progression to infection. Brazilian J
Infect Dis. 2016;20(2):134–40. http://www.
sciencedirect.com/science/article/pii/
S1413867016300216.

25. Turner P, Pol S, Soeng S, et al. High prevalence of
antimicrobial-resistant Gram-negative colonization
in hospitalized Cambodian infants. Pediatr Infect
Dis J. 2016;35(8):856–61. https://doi.org/10.1097/
INF.0000000000001187.

26. Abdel-Hady H, Hawas S, El-Daker M, El-Kady R.
Extended-spectrum b-lactamase producing Kleb-
siella pneumoniae in neonatal intensive care unit.
J Perinatol . 2008 Oct;28(10):685–90. https://doi.
org/10.1038/jp.2008.73.

27. Huang Y, Zhuang S, Du M. Risk factors of nosoco-
mial infection with extended-spectrum b-lacta-
mase-producing bacteria in a neonatal intensive
care unit in China. Infection. 2007;35(5):339–45.
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