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BACKGROUND: The lack of a consensus definition of neonatal sepsis and a core outcome set (COS) proves a substantial
impediment to research that influences policy and practice relevant to key stakeholders, patients and parents.
METHODS: A systematic review of the literature was performed according to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines. In the included studies, the described outcomes were extracted in accordance with the
provisions of the Core Outcome Measures in Effectiveness Trials (COMET) handbook and registered.
RESULTS: Among 884 abstracts identified, 90 randomised controlled trials (RCTs) were included in this review. Only 30 manuscripts
explicitly stated the primary and/or secondary outcomes. A total of 88 distinct outcomes were recorded across all 90 studies included.
These were then assigned to seven different domains in line with the taxonomy for classification proposed by the COMET initiative.
The most frequently reported outcome was survival with 74% (n= 67) of the studies reporting an outcome within this domain.
CONCLUSIONS: This systematic review constitutes one of the initial phases in the protocol for developing a COS in neonatal sepsis.
The paucity of standardised outcome reporting in neonatal sepsis hinders comparison and synthesis of data. The final phase will
involve a Delphi Survey to generate a COS in neonatal sepsis by consensus recommendation.

Pediatric Research; https://doi.org/10.1038/s41390-021-01883-y

IMPACT:

● This systematic review identified a wide variation of outcomes reported among published RCTs on the management of neonatal
sepsis.

● The paucity of standardised outcome reporting hinders comparison and synthesis of data and future meta-analyses with
conclusive recommendations on the management of neonatal sepsis are unlikely.

● The final phase will involve a Delphi Survey to determine a COS by consensus recommendation with input from all relevant
stakeholders.

INTRODUCTION
Neonatal sepsis is estimated to be responsible for 15% of all
neonatal deaths globally.1 It is a source of significant morbidity
including delayed enteral feeding, prolonged duration of mechan-
ical ventilation and hospital stay and long-term disability, and the
sequelae may extend well into childhood and last throughout life.2

The selection of appropriate outcomes or endpoints is crucial
when designing clinical trials in order to directly compare the
effects of different interventions or studies. If the findings are to
influence policy and practice, then the chosen outcomes need to
be relevant and important to key stakeholders, including patients,
parents and the public, healthcare professionals and other
decision-makers in healthcare.3

A proposed solution to this issue of inconsistent outcome
reporting in neonatal sepsis is the development and implementa-
tion of a standardised core outcomes set (COS), defined as ‘the
minimum that should be measured and reported in all clinical
trials of a specific condition’.4 COS have been developed in
gastroschisis and neonatal nutrition to standardise reporting and
the selection of outcomes.5,6 The Core Outcomes in Neonatology
project is developing a COS for neonatal medicine to establish
standard measures, which are important to key stakeholders,
clinically relevant and reported consistently in future trials.7

Furthermore, developing standardised outcome sets for testing
interventions is recommended including a general agreement
about uniform time points of the measurements.8
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The lack of an accepted consensus definition and COS for
neonatal sepsis are substantial impediments to research to
improve diagnosis, outcomes and prognosis. Inconsistent out-
come selection and reporting limit the usefulness of clinical trials
that cannot be compared or combined in the synthesis of a meta-
analysis or systematic review.9 The lack of a standardised COS and
standard measures limits the ability of meta-analyses to answer
clinically meaningful questions and clinical practice lacks high-
quality evidence or international evidence-based consensus
guidelines.10

A proposed solution to this issue of inconsistent outcome
reporting in neonatal sepsis is the development and implementation
of a standardised COS, defined as ‘the minimum that should be
measured and reported in all clinical trials of a specific condition’.4

COS have been developed in gastroschisis and neonatal nutrition to
standardise reporting and the selection of outcomes.5,6 The Core
Outcomes in Neonatology project is developing a COS for neonatal
medicine to establish standard measures that are important to key
stakeholders, clinically relevant and reported consistently in future
trials.7 Furthermore, developing standardised outcome sets for
testing interventions is recommended, including a general agree-
ment about uniform time points of the measurements8

The aim of this systematic review was to identify outcomes
reported in published randomised controlled trials (RCTs) of
therapeutic interventions in neonatal sepsis. This phase of
research is part of a wider protocol in the development and
implementation of a COS for neonatal sepsis that will standardise
the selection, recording and reporting of outcomes, ultimately
translating into improved neonatal care.11,12

MATERIALS AND METHODS
We prospectively registered the study on the Core Outcome
Measures in Effectiveness Trials (COMET) database for COS. A

systematic review was undertaken to identify outcomes that have
been reported in RCTs. Ethical approval was not required.

Literature search
All RCTs investigating the management of suspected or confirmed
neonatal sepsis in a hospital inpatient setting since 1982 were
included. Studies investigating measures used to prevent neonatal
sepsis were not included. A database search of MEDLINE, Embase
and Web of Science was undertaken using standardised search
terms. This review was conducted in line with Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.13

Data extraction
Using the Covidence® software, two authors (C.J.H. and E.B.)
independently screened the titles, abstracts and full papers
regarding the inclusion and exclusion criteria. Studies without
data for retrieval or duplicate publications were excluded. Any
disputed articles were discussed among the full research group.
Outcomes from included trials were extracted verbatim in
accordance with the provisions of the COMET handbook.14 A
structured and pilot-tested data extraction tool, specific to this
review, was developed. This tool was used to tabulate primary and
secondary outcomes/endpoints, which we extracted and grouped
into outcome domains in line with COMET guidelines. The tool
also recorded: author, date, number of centres, number of
patients, exclusion and inclusion criteria, method of randomisation
and blinding, number of treatment arms, intervention under
investigation and timeframe.

Data synthesis
Outcomes were categorised into seven different domains
(depending on whether a biological activity or clinical benefit
was being recorded) according to the framework of the OMERACT
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Fig. 1 PRISMA flow diagram. Flow diagram detailing systematic selection of the published literature.
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2.0 filter.15,16 Domains represent an aspect of health or a health
condition that needs to be measured to appropriately assess the
effects of a health intervention. The framework consists of levels
such as pathophysiological manifestations and death. An outcome
matrix based on the Outcome Reporting Bias in Trials project,17

and as recommended by the COMET initiative,14 was constructed
to visually represent the frequency, consistency and disparity of
outcome reporting across studies (Fig. 2).

RESULTS
The search strategy retrieved 1067 studies. One hundred and
eighty-three duplicates were removed yielding 884 papers for
screening of title and abstract. One hundred and twenty-four
papers were included for full-text screening and a total of 90 RCTs
were extracted for detailed analysis (Fig. 1).18–107 Thirty papers
explicitly stated their primary and/or secondary outcomes. A total
of 88 distinct outcomes were recorded among the 90 trials
included. Twenty-four distinct types of outcome measures were
recorded across 22 out of the 90 included RCTs and only three of
these measures could be directly compared with others used in
different trials. Eleven of the included trials used composite
outcomes and six of these were the primary outcomes of the
study.

Mortality
The most frequently reported outcome was survival in 67/90
(74%) trials. However, amongst these 67 studies, 27 different
survival outcomes were used with a varying array of time points
from 3 days until 2 years. From the 67 trials reporting mortality,
42 reported all-cause mortality, 7 reported disease-specific
mortality (e.g. sepsis) and 23 reported mortality within a certain
time period.

Morbidity
Outcomes related to clinical improvement (44%) and morbidity
profiles (51%) were also frequently reported in the included
studies (Figs. 2 and 3). The morbidity profile of patients was
categorised into organ-specific domains according to the organ
function affected. Forty-two of the 90 (46.7%) studies reported
morbidity outcomes related to the respiratory system such as
pneumonia, duration of mechanical ventilation and chronic lung
disease. Another domain was the haematological system with 39
(43.3%) studies reporting outcomes. Thirty-two out of 90 studies
investigated the immune response to the treatment of neonates
with sepsis, particularly studies investigating granulocyte
colony-stimulating factor (CSF) administration where laboratory
outcomes such as absolute neutrophil count, time to immune
recovery and the ratio of immature-to-total granulocytes were
reported.
Gastrointestinal morbidity outcomes such as necrotising

enterocolitis and time to enteral feeding were reported in
24 studies and neurological morbidity outcomes such as
meningitis and intraventricular haemorrhage in 27 studies.
The reporting of outcomes related to hepatic and renal
morbidity was frequently seen in studies investigating the
efficacy and safety of different antibiotic regimens with 24 and
35 studies, respectively.

Clinical outcome
Clinical cure or recovery was reported as an outcome in 23 studies,
but this was inconsistently measured with no standardisation
across studies. A smaller number of studies used microbiological
cures (e.g. eradication of organism from blood culture, CSF culture,
etc.) with only 11 reporting on this outcome. Duration of hospital
stay (n= 23) and duration of neonatal intensive care unit stay (n
= 12) was reported in a number of the included studies and
categorised within the clinical outcome domain. Treatment failure

(n= 15), duration of antibiotic therapy (n= 17) and change of
antibiotic therapy (n= 9) were less commonly reported in the
included studies. The definition of treatment failure as an outcome
measure, like clinical recovery, varied widely across the included
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studies with wide heterogeneity and no standardisation. Fifteen
out of ninety studies reported treatment failure as an outcome.34

Only 7/90 (7.8%) studies reported neurodevelopmental out-
comes and again we found heterogeneity in terms of the outcome
measures applied across the studies where this was reported.
Composite outcomes were used in 11/90 (12.2%) of the studies
and the most common was combining clinical and microbiological
criteria used to determine clinical response after the treatment of
sepsis. There was significant heterogeneity among the composite
endpoints recorded, where a number of incomparable composite
outcome measures were reported in a single study only. Five of
these measured sepsis in a manner that considered organ
dysfunction as part of the composite endpoint, but a comparison
between all the studies could not be made as three distinct
scoring systems were used.

DISCUSSION
There is a wide variation of outcomes among published RCTs on
the management of neonatal sepsis. The paucity of standardised
clinical outcomes in neonatal sepsis limits evidence synthesis and
systematic review. Therefore, long-term follow-up is needed in
trials on neonatal sepsis to provide evidence on how to optimise
outcomes throughout childhood and into later life.108,109

Mortality is challenging to record as an outcome, as the cause of
death in critically ill neonates cannot always be attributed solely to
infection as opposed to underlying disease or a combination of
both. While mortality is a SMART outcome, mortality rates in preterm
neonatal sepsis studies are affected by many other conditions, and
causality may be hard to prove. In addition, major morbidities in
survivors have been shown to greatly affect long-term outcomes,
implying a need for robust non-mortality COS. The majority of
studies included in our analysis did not report a time interval
between infection and death and survival definitions ranged from
3 days to 2 years. This disparity is undesirable as short-term survivals
may fail to include late disease-related deaths, while long-term
survivals may be confounded by other causes of death. Most deaths
from sepsis in neonates occur within 5 days of disease onset.110,111

Furthermore, the use of mortality as the sole or primary endpoint
has its own limitations due to the fact that for patients with major
life-altering co-morbidities, mortality might not be the most
significant patient-centred outcome.112 Only a small number of
trials reported neurodevelopmental outcomes.
All-cause mortality or death due to infection was used in some

studies. If all-cause mortality is used as an endpoint, causes of death
unrelated to sepsis may be captured within the study population and

could impact the interpretation of the results. To overcome this,
composite endpoints including mortality and morbidity parameters
have been proposed as a more appropriate primary endpoint. The
Bayley Scales of Infant Development at 18 months to 2 years is cited
as a gold standard for neurodevelopmental outcomes and potentially
a useful endpoint in neonatology trials, but many trials use a
composite of death and neurodevelopmental outcome to reduce
sample size estimates.113 Composite outcomes have been criticised
because they can be considered clinically meaningless,108 may either
artificially inflate effect sizes or mask potentially important effects
seen in one individual outcome of the composite.114

Other primary outcomes were frequently defined as subjective
clinical cure and/or improvement and bacterial eradication with
25 included studies reporting this outcome. The definitions of
clinical cure showed vast heterogeneity between each of these
25 studies. Most used a broad overall assessment of clinical
findings by the attending neonatologist, with only five
papers34,56,63,80,91 utilising a standardised clinical assessment tool
such as the Score for Neonatal Acute Physiology115 and Tollner’s
sepsis score (clinical and basic laboratory scoring para-
meters).116,117 The efficacy of measuring these forms of clinical
alteration depends on the measure used, e.g. length of ICU stay,
which is complicated by differences in criteria for ICU discharge
and the availability of non-ICU beds in an institution. Other
endpoints included organ dysfunction and morbidity-free days.
Morbidity-free days (ventilator, dialysis and other organ
dysfunction-free days) require complex statistical models, but
may be able to detect clinically important effects.
Forty-three of the ninety included studies utilised laboratory

measurements to assess outcome, with inflammatory markers and
acute-phase reactants being the most commonly utilised mea-
sures. Two of the ninety studies reported on the use of
procalcitonin as a biomarker to assess outcome.74,98

The reporting of outcomes relating to morbidity and organ
dysfunction were poorly characterised throughout the included trials,
particularly in relation to neurodevelopmental outcomes. Hetero-
geneous and incomplete reporting of organ failure in the neonatal
critical care setting creates problems when interpreting and applying
the findings to practice as organ failure is integral to the
pathophysiology of sepsis and core feature of the definition in adults
but not well-defined in neonates. This observation may reflect the
difficulties inherent to the RCT in detecting long-term outcomes.
The multitude of inconsistent outcomes render the findings of

systematic review or meta-analysis on the topic inconclusive,10

and unless outcome selection can be re-organised or standardised
to reflect consistent and comparable measures, future meta-
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analyses with conclusive recommendations on the management
of neonatal sepsis are unlikely.
Oeser et al. performed a systematic review of clinical trials in

neonatal sepsis and identified the subjective clinical cure and/or
improvement and bacteriological eradication as most primary
reported endpoints. The authors discussed the lack of validated core
outcomes and suggested composite endpoint including clinical and
laboratory parameters as most appropriate COS for future trials.
However, their recommendations have not been universally adopted
in subsequent trials.118,119 This review differed from our study with
narrower inclusion criteria for trials and fewer overall papers analysed.
Our systematic review constitutes one of the initial phases in the
development of a protocol for a COS in neonatal sepsis. The authors
have identified the existing knowledge and outcomes already
reported. Given the paucity of standardised outcome reporting in
this area, the need for a COS is readily apparent.
While some guidelines emphasise the role of parental concern

in recognising sepsis, a paucity of data in the field is evident.
Therefore, an improved understanding of whether parental
concerns adds diagnostic value to sepsis recognition is urgently
needed. Including parental concerns in sepsis screening tools
could benefit the assessment resulting in early diagnosis and
treatment of infants with sepsis.120

Currently, there is still no widely accepted definition of neonatal
sepsis. The Third International Consensus Definitions for Sepsis and
Septic Shock (Sepsis-3)121,122 reflects the complex pathophysiology of
sepsis as a life-threatening organ dysfunction caused by a
dysregulated host response to infection. This definition has now
been applied in children and adults and does not require a
microbiological diagnosis.123 Neonatal sepsis, however, is most
commonly defined based on microbiological detection of a pathogen
and/or a combination of clinical signs with or without the addition of
biomarkers and is in contrast to the adult and paediatric settings.
The next phase will involve developing a protocol for a COS in

neonatal sepsis, resolving gaps in the existing knowledge and
assessing the quality of studies and outcomes already reported,
including uniform time points of the measurements and standardised
parent-reported outcome measures such as a validated parent
satisfaction questionnaire and other parent-reported outcome
measures.124 The final phase will then involve a Delphi Survey to
determine a COS by consensus recommendation with input from all
relevant stakeholders including parents and former patient.

REFERENCES
1. WHO. Global Report on the Epidemiology and Burden of Sepsis: Current Evidence,

Identifying Gaps and Future Directions (WHO, 2020).
2. Mwaniki, M. K., Atieno, M., Lawn, J. E. & Newton, C. R. Long-term neurodeve-

lopmental outcomes after intrauterine and neonatal insults: a systematic review.
Lancet 379, 445–452 (2012).

3. Molloy, E. J., Mader, S., Modi, N. & Gale, C. Parent, child and public involvement
in child health research: core value not just an optional extra. Pediatr. Res. 85,
2–3 (2018).

4. Clarke, M. Standardising outcomes for clinical trials and systematic reviews.
Trials 8, 39 (2007).

5. Allin, B. S. R. et al. Development of a gastroschisis core outcome set. Arch. Dis.
Child Fetal Neonatal Ed. 104, F76–f82 (2019).

6. Cormack, B. E, Embleton, N. D., van Goudoever, J. B., Hay, W. W. Jr. & Bloomfield,
F. H. Comparing apples with apples: it is time for standardized reporting of
neonatal nutrition and growth studies. Pediatr. Res. 79, 810–820 (2016).

7. Webbe, J. et al. Developing, implementing and disseminating a core outcome
set for neonatal medicine. BMJ Paediatr. Open 1, https://doi.org/10.1136/bmjpo-
2017-000048 (2017).

8. Ding, X., Zhu, L. H., Zhang, R., Wang, L., Wang, T. T. & Latour, J. M. Effects of
family-centered care interventions on preterm infants and parents in neonatal
intensive care units: a systematic review and meta-analysis of randomized
controlled trials. Aust. Crit. Care 32, 63–75 (2019).

9. Webbe, J. W. H. et al. Inconsistent outcome reporting in large neonatal trials: a
systematic review. Arch. Dis. Child Fetal Neonatal Ed. 105, 69–75 (2020).

10. Willhelm, C. et al. Systematic Cochrane reviews in neonatology: a critical
appraisal. Pediatr. Neonatol. 54, 261–266 (2013).

11. Molloy, E. J. et al. Neonatal sepsis: need for consensus definition, collaboration and
core outcomes. Pediatr. Res. 88, https://doi.org/10.1038/s41390-020-0850-5 (2020).

12. McGovern, M. et al. Challenges in developing a consensus definition of neonatal
sepsis. Pediatr. Res. 88, https://doi.org/10.1038/s41390-020-0785-x (2020).

13. Liberati, A. et al. The PRISMA statement for reporting systematic reviews and
meta-analyses of studies that evaluate healthcare interventions: explanation
and elaboration. BMJ 339, b2700 (2009).

14. Williamson, P. R. et al. The COMET Handbook: version 1.0. Trials 18, 280 (2017).
15. Kirwan, J. R., Boers, M. & Tugwell, P. Updating the OMERACT filter at OMERACT

11. J. Rheumatol. 41, https://doi.org/10.3899/jrheum.131306 (2014).
16. Kirwan, J. R. et al. Updating the OMERACT Filter: core areas as a basis for

defining core outcome sets. J. Rheumatol. 41, 994–999 (2014).
17. Kirkham, J. J. et al. The impact of outcome reporting bias in randomised con-

trolled trials on a cohort of systematic reviews. BMJ 340, https://doi.org/10.1136/
bmj.c365 (2010).

18. Christensen, R. D., Rothstein, G., Anstall, H. B. & Bybee, B. Granulocyte transfu-
sions in neonates with bacterial infection, neutropenia, and depletion of mature
marrow neutrophils. Pediatrics 70, 1–6 (1982).

19. Snelling, S., Hart, C. A. & Cooke, R. W. Ceftazidime or gentamicin plus benzyl-
penicillin in neonates less than forty-eight hours old. J. Antimicrob. Chemother.
12(Suppl. A), 353–356 (1983).

20. Fogel, D., Farfel, L., Miskin, A. & Mogilner, B. M. Comparison between the
combination of azlocillin-gentamicin and ampicillin-gentamicin in the treatment
of a nursery population. Isr. J. Med Sci. 19, 1009–1015 (1983).

21. Haffejee, I. E. A therapeutic trial of cefotaxime versus penicillin-gentamicin for
severe infections in children. J. Antimicrob. Chemother. 14(Suppl. B), 147–152 (1984).

22. Cairo, M. S. et al. Improved survival of newborns receiving leukocyte transfu-
sions for sepsis. Pediatrics 74, 887–892 (1984).

23. Wheeler, J. G. et al. Neutrophil storage pool depletion in septic, neutropenic
neonates. Pediatr. Infect. Dis. 3, 407–409 (1984).

24. Adhikari, M. et al. Septicaemic low birthweight neonates treated with human
antibodies to endotoxin. Arch. Dis. Child 60, 382–384 (1985).

25. Stork, E., Baley, J. & Shurin, S. A controlled trial of granulocyte transfusions in
neutropenic neonates. Pediatr. Res. 19, 366A–366A (1985).

26. Sidiropoulos, D., Boehme, U., Von Muralt, G., Morell, A. & Barandun, S. Immu-
noglobulin supplementation in prevention or treatment of neonatal sepsis.
Pediatr. Infect. Dis. 5, S193–194 (1986).

27. Wheeler, J. G. et al. Buffy coat transfusions in neonates with sepsis and neu-
trophil storage pool depletion. Pediatrics 79, 422–425 (1987).

28. Cairo, M. S. et al. Role of circulating complement and polymorphonuclear leu-
kocyte transfusion in treatment and outcome in critically ill neonates with
sepsis. J. Pediatr. 110, 935–941 (1987).

29. Baley, J. E., Stork, E. K., Warkentin, P. I. & Shurin, S. B. Buffy coat transfusions in
neutropenic neonates with presumed sepsis: a prospective, randomized trial.
Pediatrics 80, 712–720 (1987).

30. Adelman, R. D., Wirth, F. & Rubio, T. A controlled study of the nephrotoxicity of
mezlocillin and gentamicin plus ampicillin in the neonate. J. Pediatr. 111,
888–893 (1987).

31. Adelman, R. D., Wirth, F. & Rubio, T. A controlled study of the nephrotoxicity of
mezlocillin and amikacin in the neonate. Am. J. Dis. Child 141, 1175–1178 (1987).

32. Odio, C. M., Umana, M. A., Saenz, A., Salas, J. L. & McCracken, G. H. Jr. Com-
parative efficacy of ceftazidime vs. carbenicillin and amikacin for treatment of
neonatal septicemia. Pediatr. Infect. Dis. J. 6, 371–377 (1987).

33. Hall, M. A. et al. A randomised prospective comparison of cefotaxime versus
netilmicin/penicillin for treatment of suspected neonatal sepsis. Drugs 35(Suppl.
2), 169–177 (1988).

34. Wiese, G. Treatment of neonatal sepsis with ceftriaxone/gentamicin and with
azlocillin/gentamicin: a clinical comparison of efficacy and tolerability. Che-
motherapy 34, 158–163 (1988).

35. Tessin, I., Thiringer, K., Trollfors, B. & Brorson, J. E. Comparison of serum con-
centrations of ceftazidime and tobramycin in newborn infants. Eur. J. Pediatr.
147, 405–407 (1988).

36. Haque, K. N., Zaidi, M. H. & Bahakim, H. IgM-enriched intravenous immu-
noglobulin therapy in neonatal sepsis. Am. J. Dis. Child 142, 1293–1296 (1988).

37. Weisman, L. E. et al. Pharmacokinetics of intravenous immunoglobulin in neo-
nates. Vox Sang. 57, 243–248 (1989).

38. Hammerberg, O., Kurnitzki, C., Watts, J. & Rosenbloom, D. Randomized trial using
piperacillin versus ampicillin and amikacin for treatment of premature neonates
with risk factors for sepsis. Eur. J. Clin. Microbiol Infect. Dis. 8, 241–244 (1989).

39. Tessin, I., Trollfors, B., Thiringer, K., Thorn, Z. & Larsson, P. Concentrations of
ceftazidime, tobramycin and ampicillin in the cerebrospinal fluid of newborn
infants. Eur. J. Pediatr. 148, 679–681 (1989).

C.J. Henry et al.

5

Pediatric Research

https://doi.org/10.1136/bmjpo-2017-000048
https://doi.org/10.1136/bmjpo-2017-000048
https://doi.org/10.1038/s41390-020-0850-5
https://doi.org/10.1038/s41390-020-0785-x
https://doi.org/10.3899/jrheum.131306
https://doi.org/10.1136/bmj.c365
https://doi.org/10.1136/bmj.c365


40. Umana, M. A., Odio, C. M., Castro, E., Salas, J. L. & McCracken, G. H. Jr. Evaluation
of aztreonam and ampicillin vs. amikacin and ampicillin for treatment of neo-
natal bacterial infections. Pediatr. Infect. Dis. J. 9, 175–180 (1990).

41. Christensen, R. D., Brown, M. S., Hall, D. C., Lassiter, H. A. & Hill, H. R. Effect on
neutrophil kinetics and serum opsonic capacity of intravenous administration of
immune globulin to neonates with clinical signs of early-onset sepsis. J. Pediatr.
118, 606–614 (1991).

42. Cairo, M. S. et al. Randomized trial of granulocyte transfusions versus intrave-
nous immune globulin therapy for neonatal neutropenia and sepsis. J. Pediatr.
120, 281–285 (1992).

43. Weisman, L. E. et al. Intravenous immune globulin therapy for early-onset sepsis
in premature neonates. J. Pediatr. 121, 434–443 (1992).

44. de Louvois, J., Dagan, R. & Tessin, I. A comparison of ceftazidime and ami-
noglycoside based regimens as empirical treatment in 1316 cases of suspected
sepsis in the newborn. European Society for Paediatric Infectious Diseases-
Neonatal Sepsis Study Group. Eur. J. Pediatr. 151, 876–884 (1992).

45. Weisman, L. E., Anthony, B. F., Hemming, V. G. & Fischer, G. W. Comparison of
group B streptococcal hyperimmune globulin and standard intravenously
administered immune globulin in neonates. J. Pediatr. 122, 929–937 (1993).

46. Erdem, G., Yurdakok, M., Tekinalp, G. & Ersoy, F. The use of IgM-enriched
intravenous immunoglobulin for the treatment of neonatal sepsis in preterm
infants. Turk. J. Pediatr. 35, 277–281 (1993).

47. Mathur, N. B., Subramanian, B. K., Sharma, V. K. & Puri, R. K. Exchange transfusion
in neutropenic septicemic neonates: effect on granulocyte functions. Acta
Paediatr. 82, 939–943 (1993).

48. Acunas, B. A. et al. Effect of fresh frozen plasma and gammaglobulin on humoral
immunity in neonatal sepsis. Arch. Dis. Child Fetal Neonatal Ed. 70, F182–187 (1994).

49. Gillan, E. R. et al. A randomized, placebo-controlled trial of recombinant human
granulocyte colony-stimulating factor administration in newborn infants with
presumed sepsis: significant induction of peripheral and bone marrow neu-
trophilia. Blood 84, 1427–1433 (1994).

50. Haque, K. N., Remo, C. & Bahakim, H. Comparison of two types of intravenous
immunoglobulins in the treatment of neonatal sepsis. Clin. Exp. Immunol. 101,
328–333 (1995).

51. van den Anker, J. N. et al. Once-daily versus twice-daily administration of cefta-
zidime in the preterm infant. Antimicrob. Agents Chemother. 39, 2048–2050 (1995).

52. Lauterbach, R. & Zembala, M. Pentoxifylline reduces plasma tumour necrosis
factor-alpha concentration in premature infants with sepsis. Eur. J. Pediatr. 155,
404–409 (1996).

53. Moller, J. C. et al. Teicoplanin pharmacology in prophylaxis for coagulase-
negative staphylococcal sepsis of very low birthweight infants. Acta Paediatr. 85,
638–639 (1996).

54. Hayani, K. C. et al. Pharmacokinetics of once-daily dosing of gentamicin in
neonates. J. Pediatr. 131, 76–80 (1997).

55. de Alba Romero, C. et al. Once daily gentamicin dosing in neonates. Pediatr.
Infect. Dis. J. 17, 1169–1171 (1998).

56. Schibler, K. R. et al. A randomized, placebo-controlled trial of granulocyte
colony-stimulating factor administration to newborn infants with neutropenia
and clinical signs of early-onset sepsis. Pediatrics 102, 6–13 (1998).

57. Drossou-Agakidou, V. et al. Administration of recombinant human granulocyte-
colony stimulating factor to septic neonates induces neutrophilia and enhances
the neutrophil respiratory burst and beta2 integrin expression. Results of a
randomized controlled trial. Eur. J. Pediatr. 157, 583–588 (1998).

58. Solomon, R. et al. Randomized controlled trial of once vs. twice daily gentamicin
therapy in newborn. Indian Pediatr. 36, 133–137 (1999).

59. Shenoi, A., Nagesh, N. K., Maiya, P. P., Bhat, S. R. & Subba Rao, S. D. Multicenter
randomized placebo controlled trial of therapy with intravenous immunoglo-
bulin in decreasing mortality due to neonatal sepsis. Indian Pediatr. 36,
1113–1118 (1999).

60. Miura, E. et al. A randomized, double-masked, placebo-controlled trial of recom-
binant granulocyte colony-stimulating factor administration to preterm infants
with the clinical diagnosis of early-onset sepsis. Pediatrics 107, 30–35 (2001).

61. Bilgin, K. et al. A randomized trial of granulocyte-macrophage colony-stimulat-
ing factor in neonates with sepsis and neutropenia. Pediatrics 107, 36–41 (2001).

62. Bedford Russell, A. R. et al. A trial of recombinant human granulocyte colony
stimulating factor for the treatment of very low birthweight infants with presumed
sepsis and neutropenia. Arch. Dis. Child Fetal Neonatal Ed. 84, F172–176 (2001).

63. Kucukoduk, S., Sezer, T., Yildiran, A. & Albayrak, D. Randomized, double-blinded,
placebo-controlled trial of early administration of recombinant human granu-
locyte colony-stimulating factor to non-neutropenic preterm newborns
between 33 and 36 weeks with presumed sepsis. Scand. J. Infect. Dis. 34,
893–897 (2002).

64. Rastogi, A., Agarwal, G., Pyati, S. & Pildes, R. S. Comparison of two gentamicin
dosing schedules in very low birth weight infants. Pediatr. Infect. Dis. J. 21,
234–240 (2002).

65. Agarwal, G., Rastogi, A., Pyati, S., Wilks, A. & Pildes, R. S. Comparison of once-daily
versus twice-daily gentamicin dosing regimens in infants > or = 2500 g. J.
Perinatol. 22, 268–274 (2002).

66. Ahmad, A., Laborada, G., Bussel, J. & Nesin, M. Comparison of recombinant
granulocyte colony-stimulating factor, recombinant human granulocyte-
macrophage colony-stimulating factor and placebo for treatment of septic
preterm infants. Pediatr. Infect. Dis. J. 21, 1061–1065 (2002).

67. English, M. et al. A randomised, controlled trial of once daily and multi-dose
daily gentamicin in young Kenyan infants. Arch. Dis. Child 89, 665–669 (2004).

68. Kosalaraksa, P., Janthep, P., Jirapradittha, J., Taksaphan, S. & Kiatchoosakun, P.
Once versus twice daily dose of gentamicin therapy in Thai neonates. J. Med
Assoc. Thai. 87, 372–376 (2004).

69. Selim, K. et al. Effect of pentoxifylline on tumor necrosis factor-alpha and
interleukin-6 levels in neonatal sepsis. Med J. Malays. 59, 391–394 (2004).

70. Ahmed, S., Chowdhury, M., Hoque, M., Begum, D. & Ahmed, A. Role of intra-
venous immunoglobulin (IVIG) as an adjuvant in the treatment of neonatal
sepsis in preterm babies. https://www.banglajol.info/index.php/JBCPS, https://
www.banglajol.info/index.php/JBCPS/article/view/158 (2007).

71. Ali, W., Ahmed, P., Bhat, M. A., Mushtaq, A. B. & Mushtaq, S. Pentoxifylline in
treatment of sepsis of premature infants. JK Practitioner 13, 204–207 (2006).

72. Parm, U. et al. Impact of empiric antibiotic regimen on bowel colonization in
neonates with suspected early onset sepsis. Eur. J. Clin. Microbiol Infect. Dis. 29,
807–816 (2010).

73. Adel, M., Awad, H. A., Abdel-Naim, A. B. & Al-Azizi, M. M. Effects of pentoxifylline
on coagulation profile and disseminated intravascular coagulation incidence in
Egyptian septic neonates. J. Clin. Pharm. Ther. 35, 257–265 (2010).

74. Stocker, M., Fontana, M., El Helou, S., Wegscheider, K. & Berger, T. M. Use of
procalcitonin-guided decision-making to shorten antibiotic therapy in sus-
pected neonatal early-onset sepsis: prospective randomized intervention trial.
Neonatology 97, 165–174 (2010).

75. Saini, S. S., Dutta, S., Ray, P. & Narang, A. Short course versus 7-day course of
intravenous antibiotics for probable neonatal septicemia: a pilot, open-label,
randomized controlled trial. Indian Pediatr. 48, 19–24 (2011).

76. Taheri, P. A., Eslamieh, H. & Salamati, P. Is ceftizoxime an appropriate surrogate
for amikacin in neonatal sepsis treatment? A randomized clinical trial. Acta Med.
Iran. 49, 499–503 (2011).

77. Abdel-Hady, E., El Hamamsy, M., Hedaya, M. & Awad, H. The efficacy and toxicity
of two dosing-regimens of amikacin in neonates with sepsis. J. Clin. Pharm. Ther.
36, 45–52 (2011).

78. Brocklehurst, P. et al. Treatment of neonatal sepsis with intravenous immune
globulin. N. Engl. J. Med. 365, 1201–1211 (2011).

79. Gathwala, G., Walia, M., Bala, H. & Singh, S. Recombinant human granulocyte
colony-stimulating factor in preterm neonates with sepsis and relative neu-
tropenia: a randomized, single-blind, non-placebo-controlled trial. J. Trop.
Pediatr. 58, 12–18 (2012).

80. El-Ganzoury, M. M., El-Farrash, R. A., Saad, A. A., Mohamed, A. G. & El-Sherbini, I.
G. In vivo effect of recombinant human granulocyte colony-stimulating factor
on neutrophilic expression of CD11b in septic neonates: a randomized con-
trolled trial. Pediatr. Hematol. Oncol. 29, 272–284 (2012).

81. Mehta, K., Bhatta, N. K., Majhi, S., Shrivastava, M. K. & Singh, R. R. Oral zinc
supplementation for reducing mortality in probable neonatal sepsis: a
double blind randomized placebo controlled trial. Indian Pediatr. 50,
390–393 (2013).

82. Long, E. J. et al. A randomised controlled trial of plasma filtration in severe
paediatric sepsis. Crit. Care Resusc. 15, 198–204 (2013).

83. Fairchild, K. D. et al. Septicemia mortality reduction in neonates in a heart rate
characteristics monitoring trial. Pediatr. Res. 74, 570–575 (2013).

84. Lake, D. E., Fairchild, K. D. & Moorman, J. R. Complex signals bioinformatics:
evaluation of heart rate characteristics monitoring as a novel risk marker for
neonatal sepsis. J. Clin. Monit. Comput. 28, 329–339 (2014).

85. Ramasamy, S., Biswal, N., Bethou, A. & Mathai, B. Comparison of two empiric
antibiotic regimen in late onset neonatal sepsis-a randomized controlled trial. J.
Trop. Pediatr. 60, 83–86 (2014).

86. Ceriani Cernadas, J. M., Fernandez Jonusas, S., Marquez, M., Garsd, A. & Mariani,
G. Clinical outcome of neonates with nosocomial suspected sepsis treated with
cefazolin or vancomycin: a non-inferiority, randomized, controlled trial. Arch.
Argent. Pediatr. 112, 308–314 (2014).

87. Bajcetic, M., Otasevic, B., Prekajski, N. B., Spasic, S. & Spasojevic, I. Antioxidative
system in the erythrocytes of preterm neonates with sepsis: the effects of
vitamin E supplementation. Ann. Clin. Biochem. 51, 550–556 (2014).

88. Akdag, A. et al. Role of pentoxifylline and/or IgM-enriched intravenous immu-
noglobulin in the management of neonatal sepsis. Am. J. Perinatol. 31, 905–912
(2014).

89. Shabaan, A. E. et al. Pentoxifylline therapy for late-onset sepsis in preterm
infants: a randomized controlled trial. Pediatr. Infect. Dis. J. 34, e143–148 (2015).

C.J. Henry et al.

6

Pediatric Research

https://www.banglajol.info/index.php/JBCPS
https://www.banglajol.info/index.php/JBCPS/article/view/158
https://www.banglajol.info/index.php/JBCPS/article/view/158


90. Bhat, B. V. et al. Syndrome evaluation system (SES) versus blood culture (BAC-
TEC) in the diagnosis and management of neonatal sepsis—a randomized
controlled trial. Indian J. Pediatr. 83, 370–379 (2016).

91. Aradhya, A. S. et al. Double volume exchange transfusion in severe neonatal
sepsis. Indian J. Pediatr. 83, 107–113 (2016).

92. Abzug, M. J. et al. A randomized, double-blind, placebo-controlled trial of ple-
conaril for the treatment of neonates with enterovirus sepsis. J. Pediatr. Infect.
Dis. Soc. 5, 53–62 (2016).

93. Newton, B., Bhat, B. V., Dhas, B. B., Mondal, N. & Gopalakrishna, S. M. Effect of
zinc supplementation on early outcome of neonatal sepsis—a randomized
controlled trial. Indian J. Pediatr. 83, 289–293 (2016).

94. Shabaan, A. E. et al. Conventional versus prolonged infusion of meropenem in
neonates with gram-negative late-onset sepsis: a randomized controlled trial.
Pediatr. Infect. Dis. J. 36, 358–363 (2017).

95. Menon, K. et al. A randomized controlled trial of corticosteroids in pediatric
septic shock: a pilot feasibility study. Pediatr. Crit. Care Med. 18, 505–512 (2017).

96. Rohatgi, S. et al. Seven versus 10 days antibiotic therapy for culture-proven
neonatal sepsis: a randomised controlled trial. J. Paediatr. Child Health 53,
556–562 (2017).

97. Banupriya, N., Vishnu Bhat, B., Benet, B. D., Sridhar, M. G. & Parija, S. C. Efficacy of
zinc supplementation on serum calprotectin, inflammatory cytokines and out-
come in neonatal sepsis—a randomized controlled trial. J. Matern. Fetal Neo-
natal Med. 30, 1627–1631 (2017).

98. Stocker, M. et al. Procalcitonin-guided decision making for duration of antibiotic
therapy in neonates with suspected early-onset sepsis: a multicentre, rando-
mised controlled trial (NeoPIns). Lancet 390, 871–881 (2017).

99. Molyneux, E. M. et al. The treatment of possible severe infection in infants: an
open randomized safety trial of parenteral benzylpenicillin and gentamicin
versus ceftriaxone in infants < 60 days of age in Malawi. Pediatr. Infect. Dis. J. 36,
e328–e333 (2017).

100. Banupriya, N. et al. Short term oral zinc supplementation among babies with
neonatal sepsis for reducing mortality and improving outcome—a double-blind
randomized controlled trial. Indian J. Pediatr. 85, 5–9 (2018).

101. Germovsek, E. et al. Plasma and CSF pharmacokinetics of meropenem in neo-
nates and young infants: results from the NeoMero studies. J. Antimicrob. Che-
mother. 73, 1908–1916 (2018).

102. Singh, P. et al. Predictors of death in infants with probable serious bacterial
infection. Pediatr. Res. 83, 784–790 (2018).

103. Chowdhary, G., Dutta, S. & Narang, A. Randomized controlled trial of 7-day vs.
14-day antibiotics for neonatal sepsis. J. Trop. Pediatr. 52, https://doi.org/
10.1093/tropej/fml054 (2006).

104. Metsvaht, T., Ilmoja, M. L., Parm, Ü., Maipuu, L., Merila, M., Lutsar, I. et al. Com-
parison of ampicillin plus gentamicin vs. penicillin plus gentamicin in empiric
treatment of neonates at risk of early onset sepsis. Acta Paediatr. 99, https://doi.
org/10.1111/j.1651-2227.2010.01687.x (2010).

105. Gathwala, G., Sindwani, A., Singh, J., Choudhry, O. & Chaudhary, U. Ten days vs.
14 days antibiotic therapy in culture-proven neonatal sepsis. J. Trop. Pediatr. 56,
https://doi.org/10.1093/tropej/fmq012 (2010).

106. Pasha, Y. Z., Ahmadpour-Kacho, M., Behmadi, R. & Jahangir, T. 3-Day versus
5-day course of intravenous antibiotics for suspected early onset neonatal
sepsis: a randomized controlled trial. Iran. J. Pediatr. 24, 673–678 (2014).

107. Chaudhuri, J., Mitra, S., Mukhopadhyay, D., Chakraborty, S. & Chatterjee, S.
Granulocyte colony-stimulating factor for preterms with sepsis and neutropenia:
a randomized controlled trial. J. Clin. Neonatol. 1, https://doi.org/10.4103/2249-
4847.105993 (2012).

108. Janvier, A., Farlow, B., Baardsnes, J., Pearce, R. & Barrington, K. J. Measuring and
communicating meaningful outcomes in neonatology: a family perspective.
Semin. Perinatol. 40, 571–577 (2016).

109. Goldstein, B., Giroir, B. & Randolph, A. International pediatric sepsis consensus
conference: definitions for sepsis and organ dysfunction in pediatrics. Pediatr.
Crit. Care Med. 6, 2–8 (2005).

110. Kermorvant-Duchemin, E., Laborie, S., Rabilloud, M., Lapillonne, A. & Claris, O.
Outcome and prognostic factors in neonates with septic shock. Pediatr. Crit.
Care Med. 9, https://doi.org/10.1097/PCC.0b013e31816689a8 (2008).

111. Giannoni, E. et al. Neonatal sepsis of early onset, and hospital-acquired and
community-acquired late onset: a prospective population-based cohort study. J.
Pediatr. 201, https://doi.org/10.1016/j.jpeds.2018.05.048 (2018).

112. Marshall, J. C. et al. Outcome measures for clinical research in sepsis: a report of
the 2nd Cambridge Colloquium of the International Sepsis Forum. Crit. Care
Med. 33, 1708–1716 (2005).

113. Del Rosario, C., Slevin, M. & Molloy, E. J. et al. How to use the Bayley Scales of Infant
and Toddler Development. Arch. Dis. Child. Educ. Pract. 106, 108–112 (2021).

114. Cordoba, G., Schwartz, L., Woloshin, S., Bae, H. & Gotzsche, P. C. Definition,
reporting, and interpretation of composite outcomes in clinical trials: systematic
review. BMJ 341, c3920 (2010).

115. Richardson, D. K., Gray, J. E., McCormick, M. C., Workman, K. & Goldmann, D. A.
Score for neonatal acute physiology: a physiologic severity index for neonatal
intensive care. Pediatrics 91, 617–623 (1993).

116. Töllner, U. Early diagnosis of septicemia in the newborn. Clinical studies and
sepsis score. Eur. J. Pediatr. 138, https://doi.org/10.1007/BF00442511 (1982).

117. Brower, R. G. et al. Ventilation with lower tidal volumes as compared with
traditional tidal volumes for acute lung injury and the acute respiratory distress
syndrome. N. Engl. J. Med. 342, 1301–1308 (2000).

118. Oeser, C. et al. Clinical trials in neonatal sepsis. J. Antimicrob. Chemother. 68,
2733–2745 (2013).

119. Cernada, M. et al. Genome-wide expression profiles in very low birth weight
infants with neonatal sepsis. Pediatrics 133, e1203–e1211 (2014).

120. Harley, A., Latour, J. M. & Schlapbach, L. J. The role of parental concerns in the
recognition of sepsis in children: a literature review. Front. Pediatr. 7, 161 (2019).
10.3389.

121. Singer, M. et al. The Third International Consensus Definitions for Sepsis and
Septic Shock (Sepsis-3). JAMA 315, 801–810 (2016).

122. Wynn, J. L. & Polin, R. A. Progress in the management of neonatal sepsis: the
importance of a consensus definition. Pediatr. Res. 83, 13–15 (2018).

123. Klingenberg, C., Kornelisse, R. F., Buonocore, G., Maier, R. F. & Stocker, M. Culture-
negative early-onset neonatal sepsis—at the crossroad between efficient sepsis
care and antimicrobial stewardship. Front. Pediatr. 6, https://doi.org/10.3389/
fped.2018.00285 (2018).

124. Latour, J. M., Duivenvoorden, H. J., Hazelzet, J. A. & van Goudoever, J. B.
Development and validation of a neonatal intensive care parent satisfaction
instrument. Pediatr. Crit. Care Med. 13, 554–559 (2012).

AUTHOR CONTRIBUTIONS
All authors substantially contributed to the content of the article. All authors revised
the manuscript critically for important intellectual content and approved the final
version to be published.

FUNDING
The Neonatal sepsis series was funded by ESPR. This work was supported by the
Health Research Board. This publication has received funding from the European
Society for Paediatric Research (ESPR) and was realised by its Infection, Inflammation,
Immunology and Immunization section. The funder had no role in the study design,
data collection and analysis, preparation of the manuscript or decision to publish.

COMPETING INTERESTS
The authors declare no competing interests.

ADDITIONAL INFORMATION
Correspondence and requests for materials should be addressed to Eleanor J. Molloy.

Reprints and permission information is available at http://www.nature.com/reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license 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 license, visit http://creativecommons.
org/licenses/by/4.0/.

© The Author(s) 2022

C.J. Henry et al.

7

Pediatric Research

https://doi.org/10.1093/tropej/fml054
https://doi.org/10.1093/tropej/fml054
https://doi.org/10.1111/j.1651-2227.2010.01687.x
https://doi.org/10.1111/j.1651-2227.2010.01687.x
https://doi.org/10.1093/tropej/fmq012
https://doi.org/10.4103/2249-4847.105993
https://doi.org/10.4103/2249-4847.105993
https://doi.org/10.1097/PCC.0b013e31816689a8
https://doi.org/10.1016/j.jpeds.2018.05.048
https://doi.org/10.1007/BF00442511
https://doi.org/10.3389/fped.2018.00285
https://doi.org/10.3389/fped.2018.00285
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


1Discipline of Paediatrics, Trinity College Dublin, The University of Dublin & Children’s Hospital Ireland (CHI) at Tallaght, Dublin, Ireland. 2John Stearne Medical Library, Trinity
College Dublin, St. James’ Hospital, Dublin, Ireland. 3Trinity Translational Medicine Institute, St. James Hospital, Dublin, Ireland. 4Trinity Research in Childhood Centre (TRiCC),
Trinity College Dublin, Dublin, Ireland. 5Department of Pediatrics and Adolescence Medicine, University Hospital of North Norway, Tromsø, Norway. 6Paediatric Research
Group, Faculty of Health Sciences, UiT-The Arctic University of Norway, Tromsø, Norway. 7School of Nursing and Midwifery, Faculty of Health, University of Plymouth,
Plymouth, UK. 8Division of Woman and Baby, Department of Neonatology, Wilhelmina Children’s Hospital (part of UMC Utrecht) and University of Utrecht, Utrecht, The
Netherlands. 9Neonatal Health and Development, Telethon Kids Institute, Perth, WA, Australia. 10Neonatal Directorate, King Edward Memorial Hospital for Women, Perth, WA,
Australia. 11Clinic of Neonatology, Department Mother-Woman-Child, Lausanne University Hospital and University of Lausanne, Lausanne, Switzerland. 12Paediatric Critical
Care Research Group, Child Health Research Centre, University of Queensland, Brisbane, QLD, Australia. 13Paediatric Intensive Care Unit, Queensland Children’s Hospital,
Brisbane, QLD, Australia. 14Department of Pediatrics, Bern University Hospital, University of Bern, Bern, Switzerland. 15Department of Neonatology, Pirogov Russian National
Research Medical University, Moscow, Russia. 16Department of Paediatrics, Tergooi Hospital, Blaricum, The Netherlands. 17Department of Paediatrics, Amsterdam UMC,
Emma Children’s Hospital, University of Amsterdam, Amsterdam, The Netherlands. 18Department of Neonatology, Radboud Institute for Health Sciences, Radboud University
Medical Center, Amalia Children’s Hospital, Nijmegen, The Netherlands. 19Karolinska University Hospital and Karolinska Institutet, Stockholm, Sweden. 20Department of
Paediatrics, University of Florida, Gainesville, FL, USA. 21Department of Pathology, Immunology, and Laboratory Medicine, University of Florida, Gainesville, FY, USA.
22Department of Neonatology, Clinic for Paediatric Cardiology, Intensive Care and Neonatology, University Medical Centre Göttingen, Göttingen, Germany. 23Neonatal Unit,
Department of Obstetrics and Gynecology, Motol University Hospital and Second Faculty of Medicine, Prague, Czech Republic. 24Institute of Pathological Physiology, First
Faculty of Medicine, Charles University, Prague, Czech Republic. 25Department of Pediatrics, Division of Neonatology, Erasmus MC-Sophia Children’s Hospital, Rotterdam, The
Netherlands. 26Department of Pediatrics, Women & Infants Hospital of Rhode Island, Alpert Medical School of Brown University, Providence, RI, USA. 27Division of Neonatal-
Perinatal Medicine, Department of Pediatrics, Columbia University Medical Center, New York City, NY, USA. 28Division of Neonatology, Edward Doisy Research Center, Saint
Louis University, St. Louis, MO, USA. 29Institute of Translational Medicine, University of Liverpool, Centre for Women’s Health Research, Liverpool Women’s Hospital, Liverpool,
UK. 30Department of Neonatal Medicine, School of Public Health, Faculty of Medicine, Imperial College London, Chelsea and Westminster Campus, London, UK.
31Department of Paediatrics, Coombe Women’s and Infant’s University Hospital, Dublin, Ireland. 32Department of Neonatology, CHI at Crumlin, Dublin, Ireland.
✉email: Eleanor.molloy@tcd.ie

C.J. Henry et al.

8

Pediatric Research

mailto:Eleanor.molloy@tcd.ie

