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Harmonisation in study design and outcomes in paediatric 
antibiotic clinical trials: a systematic review
Laura Folgori, Julia Bielicki, Beatriz Ruiz, Mark A Turner, John S Bradley, Daniel K Benjamin Jr, Theoklis E Zaoutis, Irja Lutsar, Carlo Giaquinto, 
Paolo Rossi, Mike Sharland

There is no global consensus on the conduct of clinical trials in children and neonates with complicated clinical 
infection syndromes. No comprehensive regulatory guidance exists for the design of antibiotic clinical trials in 
neonates and children. We did a systematic review of antibiotic clinical trials in complicated clinical infection 
syndromes (including bloodstream infections and community-acquired pneumonia) in children and neonates 
(0–18 years) to assess whether standardised European Medicines Agency (EMA) and US Food and Drug Administration 
(FDA) guidance for adults was used in paediatrics, and whether paediatric clinical trials applied consistent defi nitions 
for eligibility and outcomes. We searched MEDLINE, Cochrane CENTRAL databases, and ClinicalTrials.gov between 
Jan 1, 2000, and Nov 18, 2015. 82 individual studies met our inclusion criteria. The published studies reported on an 
average of 66% of CONSORT items. Study design, inclusion and exclusion criteria, and endpoints varied substantially 
across included studies. The comparison between paediatric clinical trials and adult EMA and FDA guidance 
highlighted that regulatory defi nitions are only variably applicable and used at present. Absence of consensus for 
paediatric antibiotic clinical trials is a major barrier to harmonisation in research and translation into clinical practice. 
To improve comparison of therapies and strategies, international collaboration among all relevant stakeholders 
leading to harmonised case defi nitions and outcome measures is needed.

Introduction
Antimicrobial resistance is a major health threat. 
Increasing numbers of neonates and children with 
serious bacterial infections due to resistant bacteria are 
being reported, associated with substantial morbidity 
and mortality.1 Optimised use of existing antibiotics is 
essential to improve management of serious bacterial 
infections in children and reduce selection pressure.2 
The prevalence of multidrug-resistant pathogens is likely 
to be under-reported in many areas of the world. 
To address this issue, a substantial number of new 
antibiotics are under development and might enter the 
licensing process.3

The pathophysiology of many infections diff ers 
between adults and neonates or children, including 
diff erences in clinical presentation, natural history, and 
underlying comorbidities between age groups. Clinical 
trials in children are necessary for registration of new 
antibiotics and for optimum use of older antibiotics. 
The number of regulatory clinical trials of antibiotic 
effi  cacy reported or ongoing in paediatrics is low 
compared with the number of adult clinical trials.4,5 As a 
result, approval and marketing authorisation of new 
antibiotics for children is often delayed, resulting in 
drugs being used off -label, without proper information 
about dosing across age-groups, potential toxicity, and 
evidence of clinical safety and effi  cacy.6,7

The European Medicines Agency (EMA) and the 
US Food and Drug Administration (FDA) have developed 
standardised guidance for assessment of medicinal 
products indicated for treatment of bacterial infections 
(appendix p 15).8–15 For each clinical infection syndrome, 
these guidelines include the core elements of trial design 
that should be included to support effi  cacy assessment 
(eg, inclusion and exclusion criteria and primary and 

secondary endpoints). Use of consistent defi nitions for 
key features of regulatory clinical trial design enables 
assessment of effi  cacy. Clinical trials can later be 
compared and outcomes pooled. Conversely, absence of 
harmonised trial design can lead to diffi  culties in 
interpretation, which could reduce the effi  ciency of 
antibiotic licensing and delay collection of data needed to 
support applications for marketing authorisation.

The aim of this systematic review is to assess the extent 
of harmonisation in clinical trials addressing effi  cacy and 
eff ectiveness of antibacterial drugs in children and 
neonates. The specifi c objectives were to systematically 
review the extent to which antibiotic trials of effi  cacy in 
children apply consistent defi nitions for participant 
selection and endpoints, and use the standardised 
inclusion and exclusion criteria and endpoints for the 
complicated major clinical infection syndromes, as 
defi ned by the FDA and EMA for adults (described in full 
in appendix p 15). For the purpose of this systematic 
review, we assumed that clinical trials used the optimum 
dose of antibiotics and therefore we did not consider 
pharmacokinetic and safety assessments.

Methods
Search strategy and selection criteria
This systematic review was done according to PRISMA 
guidelines.16 We searched MEDLINE and Cochrane 
CENTRAL databases between Jan 1, 2000, and 
Nov 18, 2015, combining MeSH and free-text terms for 
the following: “bloodstream infections”, “community-
acquired pneumonia”, “hospital-acquired pneumonia 
and ventilator-associated pneumonia”, “complicated 
urinary tract infections”, “complicated intra-abdominal 
infections”, “acute bacterial skin and soft tissue 
infections”, and “antibiotics in children (age range 
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0–18 years)”. We searched ClinicalTrials.gov from 
Jan 1, 2000, to Nov 18, 2015, with the above terms for 
ongoing, completed, and unpublished trials. The search 

was limited from 2000 onwards because the aim of this 
review was to demonstrate how the lack of regulatory 
guidance was a barrier to study quality. To achieve this 
point a timeframe of 15 years was considered suffi  cient. 
Studies published in English, German, Italian, French, 
Polish, Greek, Dutch, Hungarian, Portuguese, and 
Spanish were considered for inclusion. The full search 
strategy is in the appendix.

We included randomised clinical trials that reported on 
the effi  cacy and eff ectiveness of antibacterial drugs in 
children and neonates. Studies were only included if 
age-related information could be identifi ed. We defi ned 
children as aged 0–18 years, including neonates. We 
included trials on the following complicated clinical 
infection syndromes only: bloodstream infections, 
community-acquired pneumonia, hospital-acquired 
pneumonia, ventilator-associated pneumonia, compli-
cated urinary tract infections, complicated intra-
abdominal infections, and acute bacterial skin and soft 
tissue infections. The search was limited to these 
syndromes because adult regulatory guidance was 
available for all of them; we did not include complicated 
infections for which EMA or FDA guidance was not 
available. We included trials reporting parti cipant 
inclusion and exclusion criteria and primary or secondary 
endpoints. We excluded studies reporting data on 
uncomplicated or non-severe infections, antibiotic 
prophylaxis, topical or inhalational treatments, diagnostic 
or prognostic markers, and selected patient subgroups 
whose diagnostic criteria might be diff erent (eg, patients 
with febrile neutropenia or cystic fi brosis).

For each included study, two authors (LF and BR) 
independently extracted the following data according to 
prespecifi ed criteria: study design, study population, 
inclusion and exclusion criteria, and primary and 
secondary endpoints. Disagreements were resolved in 
discussion with a third author (JB).

To score the quality of reporting, we used the 
Consolidated Standards of Reporting Trials (CONSORT) 
Statement 2010 for reporting parallel-group randomised 
trials.17 We calculated the proportion of items of the 
CONSORT 2010 checklist adequately reported for each 
study (appendix p 4). We did not exclude any studies based 
on quality. We could not assess quality of trials identifi ed 
through ClinicalTrials.gov against the CONSORT 
statement because full protocols were not accessible.

We obtained FDA and EMA adult inclusion and 
exclusion criteria and outcome measures (primary and 
secondary endpoints) from the respective guidelines 
assessment of medicinal products for the selected clinical 
infection syndromes and used these as a reference 
standard (appendix p 15).8–15 In neonates and children, 
bloodstream infections with no primary focus occur more 
frequently than in adults. Because we were unable to 
identify an offi  cial FDA defi nition of sepsis, we used the 
US Centers for Disease Control and Prevention (CDC) and 
National Healthcare Safety Network (NHSN) surveillance 

2813 studies identified by database search
 1643 MEDLINE
 671 Cochrane Central
 499 ClinicalTrials.gov 

2809 titles assessed 

176 excluded
 48 adults
 43 retrospective or observational
 42 uncomplicated infections
 3 other topics
 8 PK or safety studies
 3 prophylaxis or prevention
 4 non-randomised
 7 reviews
 2 no criteria
 2 use of biomarkers
 9 other languages (Chinese, Russian, 
 Bosnian)
 5 duplicates (trials included as papers) 

2378 excluded on title
107 adults

6 case reports
76 diagnostic tools

131 excluded populations
1515 other topics

92 pharmacokinetics or safety studies
236 prophylaxis or vaccines

57 reviews
158 uncomplicated infections

173 excluded on abstract
81 adults
22 other topics
14 pharmacokinetics or safety studies

1 prophylaxis or prevention
12 retrospective or obervational
26 reviews

5 surveillance studies
12 uncomplicated infections

4 duplicates     

431 abstracts assessed

258 full text available

82 studies included in systematic review*
 24 community-acquired pneumonia
 4 ventilator associated or hospital acquired
 19 urinary tract infection
 14 intra-abdominal infection
 18 sepsis
 7 skin and soft tissue infection

Figure 1: Study selection
*Three studies reported data for more than one clinical infection syndrome and 
were counted separately for each disorder, so 86 datasets were included in total. 
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defi nition of health-care-associated infections as reference 
for bloodstream infections.18

We used two-tailed Mann-Whitney U tests for two 
independent samples to compare CONSORT scores for 
papers according to their year of publication (up to and 
including 2001, or after 2001 [publication of the fi rst 
CONSORT statement]) to determine changes in 
reporting after the publication of the revised criteria. 
We did statistical tests with Stata, version 13.0. 
We considered p<0·05 to be statistically signifi cant.

Results
Study selection and description
We identifi ed 2813 published studies or registered clinical 
trials, which included the abstracts for 499 registered trials. 
Of the 258 full-text studies assessed, we excluded 171 (66%; 
fi gure 1). 82 individual studies fulfi lled the inclusion 
criteria and were included in the fi nal analysis (fi gure 1). 
Of these, 24 studies focused on childhood community-
acquired pneumonia (ClinicalTrials.gov, numbers 
NCT01312792, NCT01399723, NCT01386840, 
NCT00372541, NCT00227331, NCT01110421, NCT
00968370, NCT01669980, NCT01530763, NCT
02258763),19–32 four on childhood hospital-acquired or 
ventilator-associated pneumonia (NCT01110421),33–35 19 on 
urinary tract infection (NCT00161330, NCT01110408, 
NCT00136656, NCT02497781),36–50 14 on intra-abdominal 
infections (NCT01110382, NCT01994993, NCT01069900, 
NCT00462020, NCT02561117, NCT01678365, NCT
02475733),51–57 18 on sepsis (NCT01867138, NCT00844337, 
NCT01728376, NCT02503761),33,34,58–69 and seven on acute 
bacterial skin and soft tissue infections (NCT01498744, 
NCT02276482, NCT01400867, NCT00711802, NCT
02024867).34,70 Three studies reported data for more than 

one clinical infection syndrome and were counted 
separately for each disorder (NCT01110421).33,34

Of the 82 included studies, according to the 2015 World 
Bank Classifi cation,71 35 were carried out in high-income 
countries (NCT00161330, NCT00136656, NCT01994993, 
NCT00462020, NCT02561117, NCT01678365, NCT01867138, 
NCT01498744, NCT02024867),21,33,34,36,37–41,43,44–47,49,52–57,62,63,70 37 in 
low-income or middle-income countries (NCT01312792, 
NCT01399723, NCT01386840, NCT00372541, NCT00968370, 
NCT02258763, NCT00844337, NCT02503761), and 
13 studies (NCT01669980, NCT01530763, NCT01110421, 
NCT01110408, NCT02497781, NCT01110382, NCT01069900, 
NCT02475733, NCT01728376, NCT02276482, NCT01400867, 
NCT00711082)19,20,22–24,26–32,35,42,48,50,51,58–61,64–69 were done in both 
settings; two studies (NCT00227331 and NCT01110421) did 
not provide their setting (appendix p 6). Only one study was 
placebo controlled.70 24 (29%) of 82 studies were directly 
funded by pharmaceutical com panies—15 (63%) among 
high-income countries vs 9 (38%) among low-income or 
middle-income countries. All studies had been designed 
for children, 38 (46%) of which were for registration 
purposes and 44 (54%) were led by academic investigators. 
We identifi ed only ten paediatric clinical trials as 
ongoing (NCT02258763, NCT02497781, NCT01994993, 
NCT01069900, NCT02561117, NCT02475733, NCT01728376, 
NCT02276482).61,68 Only 20 (24%) of 82 studies, mainly 
involving sepsis, included neonates (NCT01994993, 
NCT01867138, NCT00844337, NCT02503761; table 1).33,34,58–69

Quality assessment of included studies
We identifi ed substantial variation in study design, 
population, inclusion and exclusion criteria, classifi cation 
of infections (mild, moderate, or severe), and endpoints in 
paediatric antibiotic clinical trials. Overall, the published 

ClinicalTrials.gov, numbers Number of 
studies

Enrolled 
patients

CONSORT items 
reported*

Pharma-led 
studies

Including 
neonates

Ongoing 
trials

Community-acquired 
pneumonia19–32

NCT01312792, NCT01399723, 
NCT01386840, NCT00372541, 
NCT00227331, NCT01110421, 
NCT00968370, NCT01669980, 
NCT01530763, NCT02258763

24 19 985 74% 5 0 1

Ventilator-associated or 
hospital-acquired pneumonia33–35

NCT01110421 4 116 61% 3 2 0

Urinary tract infection36–50 NCT00161330, NCT01110408, 
NCT00136656, NCT02497781

19 3948 61% 5 0 1

Intra-abdominal infections51–57 NCT01110382, NCT01994993, 
NCT01069900, NCT00462020, 
NCT02561117, NCT01678365, 
NCT02475733

14 1706 65% 3 1 4

Sepsis33,34,58–69 NCT01867138, NCT00844337, 
NCT01728376, NCT02503761

18 1829 65% 2 16 3

Acute bacterial skin and soft 
tissue infections34,70

NCT01498744, NCT02276482, 
NCT01400867, NCT00711802, 
NCT02024867

7 1489 73% 4 1 1

Totals ·· 86† 29 073 66% 22 (26%) 20 (23%) 10 (12%)

*Expressed as mean of included studies. †82 individual studies. CONSORT=Consolidated Standards of Reporting Trials. 

Table 1: Basic characteristics of included studies
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studies reported on a mean of 66% (range 30–97) of 
CONSORT items, with slight diff erences between the 
various clinical infection syndromes (table 1; appendix). 
Because the fi rst revision of the CONSORT statement was 
published in 2001, we assessed the eff ect of the revised 
guideline on trial reporting. Grouping papers according to 
their year of publication, studies published up to and after 
2001 showed a signifi cant diff erence in the percentage of 
CONSORT items reported (49% before 2001 vs 70% after 
2001; Mann-Whitney U p=0·004).

Patient inclusion criteria
The studies that provided specifi c inclusion and exclusion 
criteria varied widely in their defi nitions. Diagnosis of a 
severe infection was mainly based on individual study 
defi nitions of combinations of clinical signs and 
laboratory tests. Exceptionally, 12 (50%) of 24 community-
acquired pneumonia studies (NCT01399723, NCT01386840, 
NCT00372541, NCT00227331)19,20,22,24,27–29,32 referred to a 
single defi nition for childhood acute respiratory infections 
provided by WHO.72 Except for studies of intra-abdominal 
infections, clinical fi ndings were most commonly used as 
inclusion criteria for all clinical infection syndromes 
(table 2). Micro biological tests were used only in studies 
of urinary tract infections, for which urine culture positivity 
was mandatory for patient inclusion in 15 (79%) of 19 clinical 
trials (NCT00161330, NCT01110408, NCT00136656, 
NCT02497781).36–39,41–43,46,48–50 The hospital-acquired or 
ventilator-associated pne umonia group was the only one 
for which imaging was required in all the included 
studies. For intra-abdominal infections, diagnosis of 
complicated appendicitis during surgery was an eligibility 
criterion in 11 (79%) of 14 included studies (NCT01994993, 
NCT01069900, NCT00462020, NCT02561117, 
NCT02475733);51–57 an invasive procedure was not required 
in studies of any other clinical infection syndrome.

Patient exclusion criteria
Chronic or underlying disorders was an exclusion 
criterion in 69 (84%) included trials (NCT01399723, 
NCT01386840, NCT00372541, NCT00227331, NCT01110421, 
NCT01669980, NCT01530763, NCT02258763, NCT00161330, 
NCT01110408, NCT00136656, NCT02497781, NCT01110382, 
NCT01994993, NCT01069900, NCT00462020, NCT02561117, 
NCT01678365, NCT02475733, NCT00844337, NCT01728376, 
NCT02503761, NCT01498744, NCT00711802, 
NCT02024867)19–39,41,43–48,50,51,53–56,58–62,64–68,70 and a history of a 
recent infection or antibiotic use was an exclusion criterion 
in 42 (51%) included trials (NCT01399723, NCT01386840, 
NCT00372541, NCT01110421, NCT00227331, NCT01669980, 
NCT01530763, NCT02258763, NCT00161330, NCT01110408, 
NCT00136656, NCT02497781, NCT01110382, NCT019949930, 
NCT02561117, NCT01678365, NCT02475733, NCT01498744, 
NCT02276482, NCT01400867, NCT00711802, NCT02024867, 
NCT02503761; table 2).19–21,23,26,28–31,34–38,41,43,45–48,50,51,53–55,57,70 Potential 
drug allergy, defi ned as a previously reported reaction to 
the study drug, was stated as an exclusion criterion in 

only 51 (62%) included studies. Imaging fi ndings were 
relevant for exclusion only in trials of urinary tract 
infections, for which the presence of a structural urinary 
tract abnormality was an exclusion criterion in 14 (74%) of 
19 studies of urinary tract infections (NCT00161330, 
NCT01110408, NCT00136656, NCT02497781).36–39,41,44,45,47,48,50 
Laboratory tests (ie, haema tological or biochemical) were 
used as exclusion criteria in only 17 (21%) studies, mainly 
because of exclusion of patients with renal or hepatic 
failure (NCT01110421, NCT01110408, NCT02497781, 
NCT01110382, NCT01994993, NCT01069900, NCT02475733, 
NCT01728376, NCT00711802).29,35,38,41,43,48,53,55

Primary and secondary endpoints
A clear primary endpoint was not defi ned properly in 
39 (48%) included trials (NCT00968370, NCT01530763, 
NCT01669980, NCT00227331, NCT01312792, NCT00161330, 
NCT02497781, NCT01110382, NCT01069900, NCT02475733, 
NCT00844337, NCT01728376, NCT01498744, NCT02276482, 
NCT01400867, NCT00711802).21,22,26,29,33,34,41,43,45,48–54,56,57,60,65,66 In 
some of these, we were able to deduce the endpoint from 
the reported results. Clinical effi  cacy or eff ectiveness 
(clinical improvement, clinical cure rate, treatment 
failure, or clinical deterioration) was the most frequently 
used outcome (table 2). Micro biological effi  cacy 
(including bacterial eradication and sensitivity of the 
isolate) was assessed as an endpoint in 
27 (33%) studies (NCT01110421, NCT01530763, 
NCT01994993, NCT01069900, NCT01867138, 
NCT02503761).20,25,33–36,40–45,48,53,59,60,62,65 Infection-related 
mortality was reported as a primary endpoint in 15 (18%) 
studies (NCT01867138, NCT02503761, NCT01994993, NCT0
0372541)19,20,27,28,32,35,61,62,64,68,69 and as a secondary endpoint 
in nine (11%) studies (NCT01399723, NCT00968370, 
NCT02503761)19,20,27,28,32,35,61,62,64,68,69 mainly in sepsis and 
community-acquired pneumonia trials. Except for 
studies NCT00372541 and NCT01994993, in all the 
other 13 clinical trials in which death was reported as 
primary endpoint it was used as composite endpoint. 
Infection sequelae were primary endpoints in 
26 studies (NCT01399723, NCT02503761, 
NCT00161330, NCT00136656, NCT00462020, 
NCT02475733).19,20,23,28,30,31,37–39,46,47,49–52,54,56 Other measured 
endpoints were reports of severe adverse events (stated 
by 17 trials [NCT01069900, NCT00462020, NCT02475733,  
NCT01386840, NCT02258763, NCT02503761]19,20,25,28,34,38,42,59,62,68,69), 
and process outcomes (ie, assessment of hospital vs 
outpatient management) in four community-acquired 
pneumonia studies (NCT01312792, NCT01386840, 
NCT00968370),24 one urinary tract infection study,49 and 
one intra-abdominal infection study.56

Timing of endpoints
Of the 86 included studies, 75 (87%) reported the exact 
time for assessment of study endpoints. Endpoint 
assessments varied widely, even when studies were 
grouped by clinical infection syndromes. Some studies 
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FDA EMA Number of 
studies that 
used the 
criteria

Number of 
studies that 
did not use 
the criteria

Ventilator-associated or hospital-acquired pneumonia (4 studies)*

Inclusion criteria

Clinical fi ndings Yes Yes 4 (100%) 0

Timing of infection No Yes 2 (50%) 2 (50%)

Haematological tests Yes No 4 (100%) 0

Microbiology No No 1 (25%) 3 (75%)

Increase in mechanical 
ventilation 
requirement

Yes Yes 3 (75%) 1 (25%)

Imaging Yes Yes 4 (100%) 0

Exclusion criteria

Clinical fi ndings No No 1 (25%) 3 (75%)

Haematological tests No No 2 (50%) 2 (50%)

Biochemical tests No No 2 (50%) 2 (50%)

Microbiology Yes Yes 2 (50%) 2 (50%)

Imaging No No 1 (25%) 3 (75%)

Underlying conditions No No 3 (75%) 1 (25%)

History of recent 
infection

No No 3 (75%) 1 (25%)

History of recent 
antibiotics

Yes No 2 (50%) 2 (50%)

Allergy to study drugs No No 2 (50%) 2 (50%)

Endpoints

Clinical improvement Yes Yes 4 (100%) 0

Microbiological effi  cacy No No 4 (100%) 0

Mortality Yes Yes 1 (25%) 3 (75%)

Severe adverse events No No 1 (25%) 3 (75%)

Comorbidities or 
sequelae

Yes No 0 4 (100%)

Acute bacterial skin and soft tissue infections (7 studies)†

Inclusion criteria

Clinical fi ndings Yes Yes 6 (86%) 1 (14%)

Haematological tests No No 2 (29%) 5 (71%)

Imaging No No 1 (14%) 6 (86%)

Exclusion criteria

Clinical fi ndings No No 5 (71%) 2 (29%)

Haematological tests Yes No 1 (14%) 6 (86%)

Microbiology No No 2 (29%) 5 (71%)

Underlying disorders Yes Yes 6 (86%) 1 (14%)

History of recent 
infection

No No 6 (86%) 1 (14%)

History of recent 
antibiotics

Yes No 5 (71%) 2 (29%)

Allergy to study drugs No No 7 (100%) 0

Endpoints

Clinical improvement Yes Yes 7 (100%) 0

Community-acquired pneumonia (24 studies)‡

Inclusion criteria

Clinical fi ndings Yes Yes 23 (96%) 1 (4%)

Haematological tests No No 3 (12%) 21 (88)

Biochemical tests No No 2 (8%) 22 (92%)

(Table 2 continues in next column)

FDA EMA Number of 
studies that 
used the 
criteria

Number of 
studies that 
did not use 
the criteria

(Continued from previous column)

Microbiology Yes No 1 (4%) 23 (96%)

Imaging Yes Yes 10 (42%) 14 (58%)

Exclusion criteria

Clinical fi ndings No No 19 (79%) 5 (21%)

Haematological tests No No 2 (8%) 22 (92%)

Biochemical tests No No 5 (21%) 19 (79%)

Microbiology Yes Yes 12 (50%) 12 (50%)

Imaging No No 4 (17%) 20 (83%)

Underlying
conditions

Yes Yes 21 (88%) 3 (12%)

History of recent 
infection

No No 10 (42%) 14 (58%)

History of recent 
antibiotics

No No 10 (42%) 14 (58%)

Allergy to study drugs No No 16 (67%) 8 (33%)

Endpoints

Clinical improvement Yes Yes 16 (67%) 8 (33%)

Treatment failure or 
changed antibiotic

Yes No 13 (54%) 11 (46%)

Microbiological effi  cacy No No 4 (17%) 20 (83%)

Mortality Yes No 7 (29%) 17 (71%)

Severe adverse event No No 6 (25%) 18 (75%)

Comorbidities or 
sequelae

No No 7 (29%) 17 (71%)

Process outcome No No 4 (17%) 20 (83%)

Sepsis (18 studies)§

Inclusion criteria

Clinical fi ndings Yes Yes 14 (78%) 4 (22%)

Haematological tests Yes Yes 5 (28%) 13 (72%)

Biochemical tests Yes Yes 7 (39%) 11 (61%)

Microbiology Yes No 6 (33%) 12 (67%)

Exclusion criteria

Clinical fi ndings No No 14 (78%) 4 (22%)

Biochemical tests No No 3 (17%) 15 (83%)

Microbiology No No 2 (11%) 16 (89%)

Underlying disorders No No 13 (72%) 5 (28%)

History of recent 
infection

No No 4 (22%) 14 (78%)

History of recent 
antibiotics

No No 7 (39%) 11 (61%)

Allergy to study drugs No No 2 (11%) 16 (89%)

Endpoints

Clinical improvement No No 8 (44%) 10 (56%)

Treatment failure or 
changed antibiotics

No No 12 (67%) 6 (33%)

Microbiological effi  cacy No No 8 (44%) 10 (56%)

Mortality No Yes 7 (38%) 11 (62%)

Severe adverse events No No 5 (28%) 13 (72%)

Comorbidities or 
sequelae

No Yes 4 (22%) 14 (78%)

(Table 2 continues on next page)
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assessed endpoint on an exact day after end of treatment, 
whereas others considered a range of days. In seven (9%) 
studies, the timing for assessment of the endpoints was 
not specifi ed (NCT00968370).21,23,31,35,49,52,55–58

Among studies reporting the timing for the clinical 
endpoints, the days specifi ed for outcome assessment 
ranged between the fi rst day of treatment and 90 days 
after the end of treatment. Five (7%) trials assessed 
the outcome within the fi rst 24 h of treatment 
(three community-acquired pneumonia studies28,29,32 and 
two sepsis studies60,68), whereas in ten studies, 
clinical outcome was assessed at 48 h of treatment 
(four community-acquired pneumonia studies 
(NCT01312792),28,29,32 one urinary tract infection study,46 
one intra-abdominal infection study (NCT01110382), and 
four sepsis trials60,63,68 (NCT01867138; fi gure 2). Several 
studies assessed clinical endpoints after completion of 
therapy by counting days after the end of therapy, 
six within the fi rst 24 h (NCT01069900).30,42,51,53,67 Only 
two studies assessed the clinical outcome by counting 
days after surgery (NCT00462020).54

Similarities with, and divergence from, adult EMA and 
FDA guidelines
Divergence between EMA and FDA guidance is 
summarised by clinical infection syndrome (appendix 
p 15), and we reviewed the extent to which standardised 
inclusion and exclusion criteria and endpoints for the 
serious clinical infection syndromes identifi ed by the 
FDA and EMA for adults were used in clinical trials 
involving neonates and children.

In hospital-acquired or ventilator-associated pneu-
monia and acute bacterial skin and soft tissue infections 
trials, criteria established in adult guidelines were broadly 

FDA EMA Number of 
studies that 
used the 
criteria

Number of 
studies that 
did not use 
the criteria

(Continued from previous page)

Urinary tract infection (19 studies)¶

Inclusion criteria

Clinical fi ndings Yes Yes 18 (95%) 1 (5%)

Indwelling catheter Yes Yes 0 19 (100%)

Haematological tests No No 2 (11%) 17 (89%)

Biochemical tests Yes Yes 14 (74%) 5 (26%)

Microbiology No Yes 15 (79%) 4 (21%)

Imaging No No 10 (53%) 9 (47%)

Exclusion criteria

Clinical fi ndings No No 8 (42%) 11 (58%)

Haematological tests No No 3 (16%) 16 (84%)

Biochemical tests No No 5 (26%) 14 (74%)

Microbiology No No 5 (26%) 14 (74%)

Imaging Yes Yes 11 (58%) 8 (42%)

Underlying disorders Yes No 17 (89%) 2 (11%)

History of recent 
infection

No No 6 (32%) 13 (68%)

History of recent 
antibiotics

Yes No 11 (58%) 8 (42%)

Allergy to study drugs No No 14 (74%) 5 (26%)

Endpoints

Clinical improvement Yes Yes 9 (47%) 10 (53%)

Treatment failure or 
changed antibiotic

No No 5 (26%) 14 (74%)

Microbiological effi  cacy Yes Yes 7 (37%) 12 (63%)

Severe adverse events No No 3 (16%) 16 (84%)

Comorbidities or 
sequelae

No No 10 (53%) 9 (47%)

Process outcome No No 1 (5%) 18 (95%)

Intra-abdominal infection (14 studies)||  

Inclusion criteria

Clinical fi ndings Yes No 5 (36%) 9 (64%)

Haematological tests Yes No 2 (14%) 12 (86%)

Microbiology No No 1 (7%) 13 (93%)

Imaging No No 6 (43%) 8 (57%)

Surgical procedure Yes Yes 11 (79%) 3 (21%)

Exclusion criteria

Haematological tests No No 6 (43%) 8 (57%)

Biochemical tests No No 8 (57%) 6 (43%)

Microbiology No No 2 (14%) 12 (86%)

Imaging No No 3 (21%) 11 (79%)

Underlying disorders Yes No 12 (86%) 2 (14%)

History of recent infection Yes No 2 (14%) 12 (86%)

History of recent 
antibiotics

Yes No 7 (50%) 7 (50%)

Allergy to study drugs No No 11 (79%) 3 (21%)

Endpoints

Clinical improvement Yes Yes 11 (79%) 3 (21%)

Treatment failure or 
changed antibiotic

No No 7 (50%) 7 (50%)

(Table 2 continues in next column)

FDA EMA Number of 
studies that 
used the 
criteria

Number of 
studies that 
did not use 
the criteria

(Continued from previous column)

Microbiological effi  cacy No No 5 (36%) 9 (64%)

Mortality Yes No 1 (7%) 13 (93%)

Severe adverse events No No 6 (43%) 8 (57%)

Comorbidities or 
sequelae

Yes No 5 (36%) 9 (64%)

Process outcome No No 1 (7%) 13 (93%)

EMA=European Medicines Agency. FDA=US Food and Drug Administration. 
*NCT01110421.33–35 †NCT01498744, NCT02276482, NCT01400867, 
NCT00711802, NCT02024867.34,70 ‡NCT01312792, NCT01399723, 
NCT01386840, NCT00372541, NCT00227331, NCT01110421, NCT00968370, 
NCT01669980, NCT01530763, NCT02258763.19–32 §NCT01867138, 
NCT00844337, NCT01728376, NCT02503761.33,34,58–69 ¶NCT00161330, 
NCT01110408, NCT00136656, NCT02497781.36–50 ||NCT01110382, 
NCT01994993, NCT01069900, NCT00462020, NCT02561117, 
NCT01678365,NCT02475733.51–57

Table 2: Proportion of key study design criteria used in paediatric trials 
compared with the adult EMA and FDA guidance
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similar to those used in paediatrics (table 2). Adult 
community-acquired pneumonia guidelines were partly 
similar to the criteria most often used for children, with 

the main diff erence being the absence of mandatory 
imaging as an inclusion criterion for children. 
Furthermore, the eff ect of underlying disorders, such as 

Community-acquired
pneumonia

Addo-Yobo E, 2004
Ashgar R, 2008

Aurangzeb B, 2003
Bari A, 2011

Bradley JS, 2007
Cetinkaya F, 2004

Duke T, 2002
Hazir T, 2008

Khan AM, 2006
Lovera D, 2005

Soofi S, 2012
NCT01312792
NCT01399723
NCT01386840
NCT00372541
NCT00227331
NCT01110421
NCT02258763

Ventilator-associated or 
hospital-acquired pneumonia

Jantausch BA, 2003
Kaplan SL, 2003

NCT01110421

Urinary tract infections
Bocquet N, 2012
Cheng CH, 2006

Gok F, 2001
Kafetzis DA, 2000

Marild S, 2009
Montini G, 2007

NCT01110408
NCT00136656

Intra-abdominal infections
Dalgic N, 2013

Maltezou HC, 2001
NCT01110382

NCT01994993
NCT01069900
NCT02475733

Sepsis
AFRINEST Group, 2013

Chowdhary G, 2006
Gathwala G, 2010

Jantausch BA, 2003
Kaplan SL, 2003

Lutsar I, 2011
Metsvaht T, 2010

Ramasamy S, 2014
Saini SS, 2011

Terwari VV, 2014
Zaidi AKM, 2012
Zaidi AKM, 2013

NCT01867138
NCT00844337

Acute bacterial skin 
and soft tissue infection

Duong M, 2010
Kaplan SL, 2003
NCT01498744
NCT02276482
NCT00711802

–14 –12 –10 –8 –6 –4 –2 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42
Day

End of treatment
Time of clinical endpoints in EMA adult guidance
Time of clinical endpoints in paediatric studies
Days of treatment

Figure 2: Timing of assessment of clinical endpoints in paediatric trials compared with adult European Medicines Agency guidelines 
EMA=European Medicines Agency.
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asthma and congenital or chronic diseases (apart from 
cystic fi brosis), often mentioned in paediatric clinical 
trials, was not commented on in adult guidance (table 2).

Inclusion criteria for sepsis established by the EMA or 
FDA for adults can be applied to infants and children 
(considering their age-specifi c ranges for heart rate, 
respiratory rate, and white blood cell count).73 16 (89%) of 
18 included paediatric trials for sepsis enrolled neonates 
(and used diff erent criteria; NCT01867138, NCT00844337, 
NCT02503761).33,58–69 The only study of sepsis involving 
children (NCT01728376) was done in 2012 and did not 
apply the available regulatory criteria (table 2).

Adult guidance for complicated urinary tract infections 
and complicated intra-abdominal infections are poorly 
applicable in paediatrics, mainly because the patho-
genesis, risk factors, and underlying disorders diff er by 
age-group, making inclusion criteria and endpoints 
diffi  cult to apply (table 2).

Discussion
As the challenges of dealing with antimicrobial resistance 
become ever more prominent, robust evidence to support 
optimum use of antibiotics in children is needed. To our 
knowledge, this is the fi rst systematic review of antibiotic 
clinical trials in children, including neonates, with 
complicated clinical infection syndromes. Although such 
infections continue to account for substantial morbidity 
and mortality in children worldwide, we identifi ed only a 
small number of published randomised controlled 
clinical trials of antibiotic use in children across a wide 
number of clinical infection syndromes. We also 
highlight several limitations of the state of published 
research from clinical trials in this area that ultimately 
impede translation into clinical practice.

The fi rst striking fi nding of our Review is the poor 
adherence of identifi ed publications to CONSORT 
guidelines for trial reporting. Average completeness of 
reporting on CONSORT items was only 66%, with little 
variation between clinical infection syndromes. Quality of 
reporting was better for clinical trials published in 
journals with an impact factor of 5 or greater, and for 
those published after 2001.

The fi rst CONSORT statement was published in 1996, 
with a revision in 2001, and an explanatory statement with 
additional elaborations released in 2010.17,74–76 As we limited 
our searches to studies published from 2000 onwards, the 
CONSORT statement would have been available and 
should have served as guidance for reporting trial fi ndings. 
Inconsistent and patchy reporting of key trial features 
substantially aff ects the ability to assess the quality of 
studies and therefore restricts clinical application.

This variability in trial reporting needs to be tackled in 
parallel to addressing harmonisation of trial design. 
However, we suspect that poor reporting also refl ects 
true and frequently unjustifi ed variation in study design: 
variability in inclusion and exclusion criteria and choice 
of primary and secondary endpoints was striking. 

Specifi cally, just less than half of the included clinical 
trials did not defi ne a clear primary endpoint. 
Furthermore, the type and timing of endpoint assess-
ments was heterogeneous, hindering meta-analyses and 
comparison between clinical trials.

Neonatal and paediatric antibiotic trials in complicated 
clinical infection syndromes have two main purposes. 
Regulatory trials are required to support the licensing 
process for new antibiotics in children and neonates. 
Strategic trials aim to generate evidence to support 
optimum use of older antibiotics in this population.

There is ongoing debate worldwide about the extent to 
which paediatric drug licensing should include traditional 
phases of drug development. Generally, the EMA and 
FDA agree that this is not feasible as a standard approach 
and that methods to overcome this challenge are required 
to support introduction of paediatric drug labels.77–79 At 
present, optimum design methods focusing on modelling 
and simulation for assessment of antibiotic pharmaco-
kinetics and obtaining suffi  cient safety data in this 
population are being proposed as a key solution. For 
example, the EMA states that, “in many instances the 
nature and course of bacterial infections is suffi  ciently 
similar between age groups that effi  cacy data obtained in 
adults may be used to support use of an antibacterial 
agent in the same indication in children of various 
ages provided that there are suffi  cient safety and 
pharmacokinetic data available to support age-specifi c 
dose recommendations”.9 The FDA Paediatric Study 
Decision Tree shows largely similar considerations.79

Most of the EMA and FDA guidelines we referred to 
were made available in the past 5 years; some of these 
guidelines are not yet fi nalised.11,15 Furthermore, many of 
the trials we included were not done to inform paediatric 
labelling. Nonetheless, it is useful to consider divergence 
from EMA and FDA guidance. For some clinical infection 
syndromes, such as community-acquired pneumonia, 
this divergence from EMA and FDA guidance seems to 
relate to diff ering recommendations for clinical 
management in adults and children (such as chest 
radiographs not being considered an integral part of 
clinical assessment in all childhood cases of community-
acquired pneumonia). For others, such as complicated 
urinary tract infections or complicated intra-abdominal 
infections, EMA or FDA clinical infection syndrome 
defi nitions might simply not be refl ective of syndromes 
in neonates and children. Researchers might therefore 
be concerned that antibiotic treatment response in 
children could diff er from that in adults, therefore 
placing diff erent requirements on clinical trials. 
However, adequate explanations for clinical trial designs 
and their relation to specifi c research questions or 
hypotheses were absent in most of the reviewed studies.

Much of the licensing process for paediatric labels will 
rely on pharmacokinetic studies and early-phase safety 
trials. Nonetheless, harmonisation of the defi nitions for 
target clinical infection syndromes is crucial, in view of 
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important diff erences between children and adults 
(panel). Simple extrapolation from EMA and FDA 
guidance might miss important clinical infection 
syndromes and therefore fail to support optimum use of 
antibiotics in neonates and children. Although 
defi nitions of clinical infection syndromes, such as 
hospital-acquired or ventilator-associated pneumonia, 
acute bacterial skin and soft tissue infections, and sepsis 
(apart from neonatal sepsis), are fairly transferable across 
age groups, others might be missed by current EMA or 
FDA guidance (such as necrotising enterocolitis).

Additionally, strategic trials addressing questions of 
eff ectiveness have diff erent requirements. For these trials, 
strict standardised case defi nitions might not be as relevant 
when data from pragmatic trials are required to inform 
antibiotic use in day-to-day clinical practice. The Infectious 
Diseases Society of America recognised the importance of 
considering children separately in aspects of trial design 
for antibiotics in community-acquired pneumonia.78

Even if general guidance for harmonised clinical 
infection syndrome defi nitions for neonates and children 
were to be issued, specifi c defi nitions might not be 
applicable in distinct settings. A notable exception to the 
otherwise highly variable picture in clinical trials of 
community-acquired pneumonia were several trials in 
low-income and middle-income countries that referred 
to the defi nition for acute respiratory infections in 
children designed by WHO for this setting.72 Standardised 
defi nitions are likely to be used to inform trial design, if 
these are clinically relevant, including for large strategic 
trials. Equally, fi ndings of these clinical trials might not 
be generalisable to high-income settings because in 
low-income and middle-income countries mortality from 
community-acquired pneumonia is high in otherwise 
healthy children.80

Therefore, for such strategic trials, robust designs and 
reporting to a high standard becomes central to enable 
an in-depth assessment of internal and external validity 
and risk of bias. Diff erences in availability of, and rapid 
access to, diagnostic tools, such as chest radiograph, or 
management approaches might necessitate variations in 
trial design to increase the relevance of specifi c clinical 
trials to specifi c settings (at the cost of generalisability to 
other settings).

One major limitation of the clinical trials included in 
our systematic review was the variability in endpoint 
defi nitions and timing of endpoint assessment. Clinical 
effi  cacy or eff ectiveness was the most frequently used 
outcome, whereas microbiological effi  cacy and death 
were assessed less frequently. Outcomes assessed in 
most clinical trials were based on subjective (patient or 
clinician) defi nitions. On the one hand, this reduces 
opportunities for comparison and could hinder 
meta-analysis of studies; on the other hand, such 
pragmatic approaches to trial design might result in 
clinical trials that are more relevant to clinical practice. 
Adequate justifi cation for selection of endpoints is 

crucial to enable health-care professionals to interpret 
the relevance of trial fi ndings for their patients and 
setting. Similarly, full justifi cation of the timing for 
assessment of endpoints on the basis of patho genesis 
and clinical infection syndrome course, rather than sub-
jectively selected, arbitrary timepoints is desirable.81

The need to harmonise design and reporting of clinical 
trial results is a common issue in infectious diseases. 
Several recent publications address clinical trials in adult 
clinical infection syndromes, including the key points of 
superiority or non-inferiority design and sample size 
calculation, timing for clinical endpoints, and the role of 
assessing antimicrobial resistance.82–84 Similar diffi  culties 
have been reported to those we observed for paediatric 
clinical trials; for example, identifi cation of a severe 
infection required for eligibility being based on clinician 
observations or patient reports rather than on 
standardised, reproducible criteria.83

The challenges of harmonising design and reporting of 
clinical trials involving children worldwide and across 
diff erent paediatric specialties have already been noted 
for non-infectious diseases.85–88 Reviews of non-infectious 
diseases identifi ed similar diffi  culties to our systematic 
review, such as reporting of heterogeneous data and 
the challenges of comparisons across studies.85,86,89,90 
Furthermore, some studies85,89 have assessed the extent to 
which information arising from paediatric clinical trials 
is disseminated in the peer-reviewed literature at a global 
level or in specifi c settings. These authors emphasised 
the limitations in translation of results of clinical trials 
done in a non-standardised way into clinical practice, 
even when a clear therapeutic advantage is shown.

Timely, evidence-based use of both new and older 
antibiotics in children and neonates will be hindered if 
trials continue to be inadequately reported and to 
use inconsistent criteria for patient selection and 
assessment of endpoints. A comprehensive approach 
involving all the relevant stakeholders, building on 
existing EMA and FDA initiatives, is required to 

Panel: Reasons why treatment response might diff er in 
children and neonates compared with adults

• Vaccination
• Reduced or changing immunological competence
• Diff erent clinical range of underlying comorbidities
• Diff erent clinical features of some important infectious 

syndromes
• Changing microbiome
• Diff erent pathogen and resistance profi le of infectious 

syndromes
• Absence of validated surrogate markers of 

pharmacodynamic outcomes
• Wide variability of pharmacodynamic indices
• Immature or changing drug metabolism and handling
• Technical issues in formulation and drug delivery 
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4 Ceci A, Felisi M, Baiardi P, et al. Medicines for children licensed by 
the European Medicines Agency (EMEA): the balance after 10 years. 
Eur J Clin Pharmacol 2006; 62: 947–52.

5 Ruperto N, Eichler I, Herold R, et al. A European Network of 
Paediatric Research at the European Medicines Agency (Enpr-EMA). 
Arch Dis Child 2012; 97: 185–88.

6 Conroy S, Choonara I, Impicciatore P, et al, and the European 
Network for Drug Investigation in Children. Survey of unlicensed 
and off  label drug use in paediatric wards in European countries. 
BMJ 2000; 320: 79–82.

7 Johann-Liang R, Wyeth J, Chen M, Cope JU. Pediatric drug 
surveillance and the Food and Drug Administration’s adverse 
event reporting system: an overview of reports, 2003–2007. 
Pharmacoepidemiol Drug Saf 2009; 18: 24–27.

8 Addendum to the guideline on the evaluation of medicinal 
products indicated for treatment of bacterial infections. 
Final guidance. 2013. http://www.ema.europa.eu/docs/en_GB/
document_library/Scientifi c_guideline/2013/11/WC500153953.
pdf (accessed Dec 1, 2015).

9 Guideline on the evaluation of medicinal products indicated for 
treatment of bacterial infections. Final guidance. 2011. 
http://www.ema.europa.eu/docs/en_GB/document_library/
Scientifi c_guideline/2009/09/WC500003417.pdf (accessed Dec 1, 2015).

10 Guideline on clinical investigation of medicinal products for the 
treatment of sepsis. Final guidance. 2006. http://www.ema.europa.
eu/docs/en_GB/document_library/Scientifi c_guideline/2009/09/
WC500003459.pdf (accessed Dec 1, 2015).

11 Guidance for Industry. Community-acquired bacterial pneumonia: 
developing drugs for treatment. Draft guidance. 2014. http://www.fda.
gov/downloads/drugs/guidancecomplianceregulatoryinformation/
guidances/ucm123686.pdf (accessed Dec 1, 2015).

12 Guidance for Industry. Complicated urinary tract infections: 
developing drugs for treatment. Final guidance. 2015. http://www.
fda.gov/downloads/Drugs/Guidances/ucm070981.pdf (accessed 
Dec 1, 2015).

13 Guidance for Industry. Complicated intra-abdominal infections: 
developing drugs for treatment. Final guidance. 2015. http://www.fda.
gov/downloads/drugs/guidancecomplianceregulatoryinformation/
guidances/ucm321390.pdf (accessed Dec 1, 2015).

14 Guidance for Industry. Acute bacterial skin and skin structure 
infections: developing drugs for treatment. Final guidance. 2013. 
http://www.fda.gov/downloads/Drugs/.../Guidances/ucm071185.
pdf (accessed Dec 1, 2015).

15 Guidance for Industry. Hospital-acquired bacterial pneumonia and 
ventilator-associated bacterial pneumonia: developing drugs for 
treatment. Draft guidance. 2014. http://www.fda.gov/downloads/
drugs/guidancecomplianceregulatoryinformation/guidances/
ucm234907.pdf (accessed Dec 1, 2015).

16 Liberati A, Altman DG, Tetzlaff  J, et al. The PRISMA statement for 
reporting systematic reviews and meta-analyses of studies that 
evaluate health care interventions: explanation and elaboration. 
J Clin Epidemiol 2009; 62: e1–34.

17 Schulz KF, Altman DG, Moher D, and the CONSORT Group. 
CONSORT 2010 statement: updated guidelines for reporting 
parallel group randomised trials. BMJ 2010; 340: c332.

18 Horan TC, Andrus M, Dudeck MA. CDC/NHSN surveillance 
defi nition of health care-associated infection and criteria for specifi c 
types of infections in the acute care setting. Am J Infect Control 
2008; 36: 309–32.

19 Addo-Yobo E, Chisaka N, Hassan M, et al. Oral amoxicillin versus 
injectable penicillin for severe pneumonia in children aged 3 to 
59 months: a randomised multicentre equivalency study. Lancet 
2004; 364: 1141–48.

20 Asghar R, Banajeh S, Egas J, et al, and the Severe Pneumonia 
Evaluation Antimicrobial Research Study Group. Chloramphenicol 
versus ampicillin plus gentamicin for community acquired very 
severe pneumonia among children aged 2-59 months in low resource 
settings: multicentre randomised controlled trial (SPEAR study). 
BMJ 2008; 336: 80–84.

21 Atkinson M, Lakhanpaul M, Smyth A, et al. Comparison of oral 
amoxicillin and intravenous benzyl penicillin for community 
acquired pneumonia in children (PIVOT trial): a multicentre 
pragmatic randomised controlled equivalence trial. Thorax 2007; 
62: 1102–06.

improve the design and conduct of paediatric antibiotic 
clinical trials.5,77,88,91–95 A closer collaboration between 
clinicians and the pharmaceutical industry is crucial at 
the early stages of study design during the pre-
competitive stage to ensure rapid and appropriate 
neonatal and paediatric labelling. Agreed harmonised 
trial entry criteria and outcome defi nitions of the most 
common paediatric complicated clinical infection 
syndromes would be helpful.

Strategic paediatric trials should use these agreed entry 
criteria and outcome defi nitions as a reference point, but 
divergence would be expected when pragmatic questions 
about eff ectiveness are being addressed. A consensus 
working group involving the main global academic, 
regulatory, and pharmaceutical partners is central to 
bringing together all relevant parties in this process. 
Consensus agreement might help to ensure that 
high-quality, effi  cient, and robust clinical trials of both new 
and old antibiotics done in Europe, the USA, and globally 
can in the future contribute to improving care for neonates 
and children with serious and complex infections.
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