
Study protocol:  

A national surveillance study of Gram-negative bloodstream infection in 

children 

Background: 

There are few data to describe the epidemiology of bloodstream infection in children nationally or 
internationally. Estimates of the incidence of paediatric ‘sepsis’ vary strikingly between even highly-
developed countries (1). Rates of severe infections in children requiring intensive care support have 
increased globally however, and mortality remains high (2, 3).  

Increasingly, bloodstream infections in children are healthcare-associated, and occur in those with 
complex comorbidities. In this group, Gram-negative organisms constitute almost 50% (Agyeman, 
2018). Gram-negative organisms also contribute to the burden of invasive community-acquired 
infections. In addition to the significant contribution of Enterobacteriacae, important invasive 
pathogens in children include Neisseria meningitidis, Haemophilus influenzae, and Kingella kingae. 

Gram-negative bloodstream infections (GNBSI) present a particular concern as evidence emerges of 
increasing rates of antimicrobial resistance, alongside novel resistance mechanisms, including in 
Australia (4). The transmissible nature of antimicrobial resistance carries with it significant public 
health implications. As GNBSI become increasingly difficult to treat, the development and evaluation 
of new, effective antimicrobials is particularly limited in children (5).  

Existing surveillance systems rarely capture paediatric-specific data.We propose to establish 
prospective surveillance of GNBSI in children in tertiary children’s hospitals throughout Australia. 
This surveillance is necessary to understand the clinical and molecular epidemiology of GNBSI and 
multi-drug resistant GNBSI in children. It offers the significant potential to provide a network of sites 
in which to address the urgent need for therapeutic trials in children. The infrastructure already 
established by the PAEDS network will allow the collection of clinical data to supplement data from 
the existing AGAR Gram-negative Sepsis Outcome Program, and with specific reference to children. 
This surveillance will improve preparedness for future outbreaks of highly resistant infections of 
public health significance, and help to explain transmission dynamics of both susceptible and 
resistant invasive Gram-negative organisms in children.  

 

Methods: 

Study objectives: 

i. To determine the incidence and aetiology of Gram-negative bloodstream infection in 

children admitted to seven children’s hospitals in Australia. 

ii. To identify the molecular determinants of virulence and resistance in Gram-negative 

organisms causing bloodstream infection in children admitted to seven children’s 

hospitals in Australia. 

iii. To report the clinical features, treatments and outcomes for children with Gram-

negative, and multi-drug resistant Gram-negative bloodstream infections. 

 

  



Study design: 

This is a prospective surveillance study of GNBSI in children admitted to contributing hospitals of the 

PAEDS surveillance network. Approval will be sought from the research directorate at each site. 

Case definition: 

The definition of bloodstream infection will be consistent with that of the Australian Commission on 

Safety and Quality in Healthcare. GNBSI will be defined as the positive identification of a pathogenic 

Gram-negative organism in the bloodstream of a child (<18 years), associated with a clinical 

suspicion of systemic infection. Potential contaminants, such as environmental Gram-negative 

organisms or non-pathogenic Neisseria species will be included where there are two separate 

isolations of the same organism within a 48-hour period, or where the organism is isolated in the 

context of an intravascular device and appropriate antimicrobial therapy is initiated. 

Data collection: 

Eligible cases will be identified by PAEDS research nurses at each of the study sites by screening of 

laboratory reports.  

Anonymised data will be entered into a web-based REDCAP database hosted at the University of 

Queensland.  

Hospital details: 

Denominator data from electronic reporting systems from each of the contributing study sites will 

be requested on number of hospital beds, number of ICU beds, number of emergency hospital 

admissions, number of Emergency Department attendances and rates of blood culture sampling. 

Isolate details: 

Isolates will be identified to species level using the routine method for each institution. Data on all 

positive isolates meeting the case definition will be entered. Isolates of mixed organisms will be 

considered separately. Repeated isolates cultured less than 14 days apart will be considered the 

same clinical episode. Those cultured more than 14 days apart will be considered separate episodes 

of GNBSI. Isolates will be archived and stored locally at -80°C before shipping. 

Antimicrobial Susceptibility Testing: 

All isolates will undergo antimicrobial susceptibility testing at the University of Queensland Centre 

for Clinical Research (UQCCR) by broth microdilution (BMD).  In house BMD plates will be made 

using the Hamilton Star liquid handling robot as per EUCAST standards and testing will be performed 

on demand as isolates are made available.  Antimicrobials tested by BMD will be chosen by the study 

investigators and will reflect available and readily used antimicrobials in clinical practice. 

Molecular mechanisms of resistance and virulence: 

All isolates will undergo whole genome sequencing at UQCCR using Illumina sequencers. Raw 

sequence data will be analysed using the infectious disease genomics pipeline developed in 

collaboration with the microbial genomics laboratory at the UQ School of Chemistry and Molecular 



Biosciences.  This automated pipeline provides species confirmation, in silico multi-locus sequence 

typing (MLST) (where species-specific schemes exist), resistance gene detection and phylogenetic 

analysis based on core genome SNPs. Details of the pipeline (version: dev-0.4.1) and associated 3rd 

party software are available from https://gitlab.beatsonlab.com/binf/SnapperRocks/wikis/home. 

Note: Nesoni (version 0.132) replaces Snippy (version 3.2) for SNP profiling and determining core 

genome SNPs. Resistance gene profiling will be performed by screening the sequence reads for each 

isolate against the NCBI AMR resistance gene database. Only genes with a minimum of 90% 

nucleotide sequence identity and 90% sequence coverage will be reported. Additional analysis, 

potentially including long-read sequencing using PacBio or nanopore, will be undertaken in selected 

strains of interest for characterisation of mobile genetic elements related to resistance or virulence 

in collaboration with the Beatson and Schembri laboratories at the UQ School of Chemistry and 

Molecular Biosciences.  

Clinical details: 

Clinical details relating to the admission episode will be collected by the PAEDS surveillance nurses at 

each study site. Underlying comorbidities will be classified according to that of Feudtner et al (6). 

Statistical analysis: 

Statistical analysis will be performed within the R statistical package. Risk factors for MDR GNBSI and 

for adverse outcomes will be investigated using multivariable logistic regression. Rates of GNBSI over 

time will be estimated by poisson log-linear regression, using occupied bed-days, occupied PICU bed 

days and overall blood culture rates as an offset.  

Based on data from Lady Cilento Children’s Hospital relating to the 12-month period July 2017 to July 

2018, an estimated sample size of 280 cases per year across all participating centres is anticipated. 

Funding has been identified to cover an initial 18-month surveillance period. During this period 

definitive funding will be sought through appropriate mechanisms such as the NHMRC Clinical Trials 

and Cohort Studies Grants scheme.  

Database development and study coordination would be undertaken at The University of 

Queensland Centre for Clinical Research. PAEDS study sites will receive financial support to provide 

screening of cases from positive microbiological results, case recruitment and date entry. Based on 

the estimates above (and detailed in appendix 1), a reimbursement of $230 per case is proposed.  
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Gram-negative bloodstream infection (BSI) Case Report Form 

Version 5.0 (8
th

 November 2018) 

Instructions: Please answer all the following questions by placing a tick in the box or a written response in the 

space provided. 

DK= Don't Know,  NA = Not applicable                         

RECRUITMENT PROCESS 

Hospital Code:     -      PAEDS  Database Record No (IS):  ___________________ 

Patient Eligible?  Yes   Patient Recruited?  Yes   No    

If yes, Recruitment Date:   /   /   

If no, specify reason_____________________________________________________ 

ADMISSION DETAILS          

Date of Admission:      /   /    

Was the patient transferred from another hospital?  Yes    No    DK  

If yes, name of referring hospital  __________________ 

Date of admission at referring hospital     /   /   

Reason for admission to hospital  <dropdown> (Emergency treatment of this BSI, Unrelated medical 

emergency, unrelated surgical emergency, Pre-term birth, term birth 

with no other known complication, other birth-related complication, 

planned medical admission, planned surgical admission, other) 

If other, specify:   ______________________________  DK 

PATIENT AND FAMILY DETAILS 

First 2 letters of first name:     First 2 letters of surname:     

Date of Birth:     /   /    Sex:   M  F  

Gestational age at birth    completed weeks  (Complete if less than 1 month corrected age) 

Birthweight:       g   (Complete if less than 1 month corrected age) 

Postcode of family:       

Country of Birth:   Australia   Other  

If other, specify:   ______________________________  DK 

Maternal employment: <dropdown> (Hospital-based, Nursing home-based, food animal-related, 

other)      DK 

Paternal employment: <dropdown> (Hospital-based, Nursing home-based, food animal-related, 

other)      DK 

Is the child of ATSI descent? Aboriginal    Torres Strait Islander    Both  No   DK   



INITIAL PRESENTATION OF CURRENT BSI EPISODE  

Date of onset of clinical deterioration   /   /   (relating to this BSI) 

Onset of illness?    <dropdown> (Home, ward, NICU, PICU) 

If ward, ward type   <dropdown> (General paediatric, paediatric surgical, 

paediatric medical, paediatric haematology) 

Clinical suspicion of sepsis/BSI?   Yes  No  DK  

Clinical focus of infection?     <dropdown> (None, intravascular device, organ specific) 

If organ specific, which organ? <dropdown> (Chest, CNS, urinary tract, BJI, SSTI, cardiac, 

intrabdominal, other,) 

Time of blood culture sample (HH/MM):    /   

Patient already on antibiotics at the time of sample? Yes  No  

If yes, which antibiotics?    <checkbox> 

Start date of existing antibiotic 1:     /   /   

Route of existing antibiotic 1:   <iv, oral, im, nebulised, intrathecal, topical> 

Stop date of existing antibiotic 1:     /   /   

Start date of existing antibiotic 2:     /   /   

Route of existing antibiotic 2:   <iv, oral, im, nebulised, intrathecal, topical> 

Stop date of existing antibiotic 2:     /   /   

ANTIMICROBIAL TREATMENT  

(New) antibiotics initiated on suspicion of sepsis? Yes  No  

Date/time of first empirical antibiotics:    /   /      /   

Documented evidence of antibiotic review <72h? Yes   No  

Antibiotics changed in light of culture result?  Yes   No  

Date/time of first effective antibiotics:    /   /      /   

(antibiotics to which the cultures isolate is susceptible) 

Antibiotic Dose Units Route Frequency P/E/T Start 

date 

Stop 

date 

<dropdown>  <dropdown> <dropdown> <dropdown> <dropdown>   

        

        

        

P – pre-existing antibiotics, E – empirical, T – targeted 

  



RISK FACTORS 

Significant comorbidity?    Yes  No  

If yes, specify:     <dropdown> 

If other, specify:     ______________________________  DK  

Indwelling central venous catheter?    Yes  No  

If yes, specify:     <dropdown>(surgical cuffed, surgical uncuffed, PICC,  

      portacath, other)  

TPN dependent?      Yes  No  

Other indwelling device?     Yes  No  

If yes, specify:     <dropdown> (CNS shunt, urinary catheter, orthopaedic, 

      cardiac, other) 

Recent surgery (<30 days)?    Yes  No  

If yes, specify:     <dropdown> (Gastrointestinal, cardiac, genito-urinary, 

      orthopaedic, neurosurgery, ENT, other) 

Neutropenia at time of blood culture sample?  Yes  No  (Neutrophils <1.0 within +/- 2 days) 

Known antibiotic allergies?    Yes  No  

If yes, specify allergic to:    <checkbox> 

International travel in previous 12 months  Yes  No  

If yes, specify:     <dropdown> 

ISOLATE DETAILS       

Date of first positive blood culture:       /   /    

Organism/s isolated?     < checkbox>  

How many positive cultures of this isolate?    <dropdown>   

Date of last positive culture     /   /   

Date of first negative culture     /   /   

CLINICAL PROGRESS  

Was fever present at onset of BSI episode?  Yes   No  

If yes, number of days to resolution of fever:    days  NA  (no resolution) 

Was CRP elevated at onset of BSI episode?  Yes   No   ND  (within 48h of blood culture) 

Max CRP during BSI treatment     Date of max CRP   /   /   

Number of days to normal (<10) CRP:    days NA  (not repeated or not normalised) 



Was the child already on ICU at presentation? Yes   No  <cross check site of onset of illness> 

Reason for ICU admission    <checkbox> (Respiratory failure, renal failure, cardiac  

      failure, pre-existing sepsis, Metabolic emergency, trauma, 

      pre-term birth, emergency post-operative admission,  

      elective post-operative admission, other) 

If no, did the child require admission to ICU?  Yes   No  

If yes, date of admission to ICU:     /   /   

ANZPIC registry number    ______________________________ 

Did the child require invasive ventilation?  Yes   No  (during this BSI episode) 

If yes, how many days of invasive ventilation?   days 

Did the child require inotropic support?  Yes   No  (during this BSI episode) 

If yes, how many days of inotropic support?    days 

Did the child require renal replacement?  Yes   No  (during this BSI episode) 

If yes, how many days of renal replacement?    days 

Date of discharge from PICU:     /   /    NA  

ADVERSE DRUG REACTIONS RELATING TO BSI TREATMENT  

Were any adverse drug reactions observed?  Yes   No  

If yes, please specify? <checkbox> (anaphylaxis, rash, fever, neutropenia, AKI, 

diarrhoea, hepatitis, CNS toxicity, other) 

For each ADR, please identify the causative drug <dropdown> (including “unclear”) 

OUTCOME 

Final outcome? <dropdown> (death, ongoing admission, discharge) 

If death, date of death:   /   /   

Date of discharge from hospital:   /   /    NA  

If discharged, was the child discharged to HITH? Yes   No  

If HITH, date of discharge from HITH   /   /   

Any readmission <14 days? Yes   No  (within 14 days of discharge from hospital) 

Date of readmission   /   /   

Readmission with relapsed BSI? Yes   No  

Date of discharge from subsequent readmission   /   /    NA  

HOSPITAL LEVEL DATA (to request from hospital informatics departments) 

Number of hospital beds:    



Number of occupied beds (daily)    

Number of PICU beds    

Number of occupied PICU beds (daily)    

Number of emergency hospital admissions (daily)    

Number of elective hospital admissions (daily)    

Number of ED attendances (daily)    

 



 


