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Antibiotic resistance (ABR) is a potentially dramatic threat to individual and public health as we progress through the 21st century (1). Rising antibiotic resistance levels are creating a vicious cycle for clinicians. On the one hand, bacterial infections must be adequately treated in the face of higher prevalence of resistance to first-line conservative agents, and access to effective antibiotics must be secured globally (1). On the other hand, efforts must be made to use broad-spectrum agents judiciously to maintain their effectiveness for patients requiring antibiotics of last resort. 

One requirement to successfully tackle ABR is an in depth understanding of the rates of pathogen resistance (1, 2). While population-based surveillance can be used to alert public health practitioners to the appearance of worrying ABR phenotypes or genotypes, such data may be insufficient to target interventions in specific patient groups. Specific groups are of interest, as the patient population is not homogeneous with regard to carriage of pathogens and the bacterial etiology of infection (3, 4). Group B streptococci as a cause of sepsis or meningitis, for example, are almost exclusively seen in newborns and young infants (3, 5). 

A number of regional, national and international surveillance programs throughout the world are gathering information on the levels and patterns of ABR, usually derived from routine antimicrobial susceptibility testing of clinical samples rather than from active surveillance (6). The use of these data has the advantages of readily accessible information at relatively low cost, but limits additional microbiological work-up which may be needed for a more detailed understanding of ABR epidemiology. The laboratory work-up of these samples primarily aims to support clinical care. 

A number of limitations and biases have been identified for this type of surveillance, including issues around defining cases and denominators, sampling biases and the lack of standardization of laboratory practice (7). Surveillance can therefore broadly indicate geographical ABR hotspots and provide some information on spatial and temporal resistance emergence. However, in its current format it may fail to engage clinical stakeholders who are key to improving antibiotic use and implementing infection control measures. Still, due to the ready availability of such data, it is likely that ABR surveillance globally will continue to rely heavily on this approach. 

Although the remit for some of the existing surveillance programs is very large, information on childhood ABR is mostly absent, and the potential implications of this are rarely considered. As neonatal and pediatric isolates make up a small proportion of isolates recorded in population-based ABR surveillance, specific childhood ABR patterns are likely to be dominated by adult trends. The proportion of reported isolates from children under 15 years of age in population-based surveillance of bacteremia is generally only around 10% (3, 8). This only matters if childhood ABR patterns are different to those observed in adults, and children have an important role in the emergence or propagation of resistance. 

Neonatal and pediatric medical care is mostly separate to adult care, both in terms of where (in neonatal and pediatric wards) and by whom (neonatologists and pediatricians) it is provided. Consequently, infection control measures and antibiotic stewardship interventions must also be specifically targeted, even when they are primarily delivered by teams working across all specialties (9). In order to achieve this, pediatric practitioners should advocate and provide support for on-going ABR surveillance activities in children

As young children require close physical contact for all aspects of care, they could be particularly efficient at transferring resistant bacteria to their carers and siblings. Infants discharged from a neonatal intensive care unit after an outbreak of extended-spectrum beta-lactamase producing K. pneumoniae, for example, were found on average to be carriers for more than 12 months with evidence of transmission to other family members in a third of all studied households (10). 

Is it possible then to use adult (or pooled) data to assess the epidemiology of ABR among neonates and children? We suggest that extrapolations from adult data are not suitable, because ABR patterns do differ substantially between adult and pediatric isolates. For the same countries, fluoroquinolone resistance in E. coli and K. pneumoniae blood culture isolates from neonates and children surveyed as part of the Antibiotic Resistance and Prescribing in European Children (ARPEC) project was much lower (13% and 18%) compared with (mainly adult) European Antimicrobial Resistance Surveillance Network (EARS-Net ) data (23% and 31%) (2). Conversely, ARPEC P. aeruginosa isolates had higher aminoglycoside, ceftazidime and carbapenem resistance levels compared to EARS-Net isolates (27%, 26% and 33% versus 19%, 15% and 21%) (2). 

Even within the childhood population, further stratification is necessary to gauge the extent of the challenges posed by ABR pathogens for defined groups. For example, the ARPEC study found that K. pneumoniae isolates from children over 1 year of age had significantly higher percentages of aminoglycoside and carbapenem resistance (41% and 14%) than isolates from infants less than 1 year of age (26% and 2%) (2). Neonates in particular are at high risk of bacterial infection and are also likely to experience poor outcomes. For them, ABR could be an additional factor adding to the burden of serious bacterial infection: It is estimated that each year more than 200,000 neonatal sepsis deaths globally are attributable to antibiotic resistant pathogens (11). These estimates are currently based on a number of broad assumptions, as suitable data to calculate a population-attributable fraction for neonates are not presently available, so systematic collection of high quality surveillance data in this group should be prioritised (11).

Is it possible to rapidly improve access to childhood-specific data from existing surveillance initiatives? EARS-Net, for example, already collects relevant parameters for the presentation of age-stratified data (12). Unfortunately, age information of sufficient granularity to identify specific subgroups, such as neonates (EARS-Net collects age in full years), is not gathered. However, in the current format these and similar initiatives could investigate differences in ABR between adults and children more broadly. To support optimal use of these data for childhood surveillance, it would be important to encourage the complete reporting of key patient-level variables, including age and ward type. 

One particular challenge remains for age-stratified presentation of current surveillance data: Sample size is likely to be limited for childhood isolates, especially when stratification within the pediatric population is desirable. Despite infants <1 year of age consistently being among those patients with the highest rate of bloodstream infections (500-700/100,000 population), the proportion of recorded isolates from this age group in population surveillance is often relatively small (around 3.5-5%) (3, 8). 

Small sample sizes mean that assessments of ABR among neonates and children will likely be imprecise. Extending the period of time over which data are pooled can improve precision, but this can be associated with a loss of information on temporal trends. A potential novel solution to this could be the use of new metrics, such as those calculated for weighted incidence syndromic combination antibiograms (WISCAs), summarizing ABR data across several pathogens (13, 14). These would not replace current pathogen-specific resistance percentages for antibiotics of interest, but could be presented in addition to bug-drug ABR data. 

Antibiotic resistance is usually primarily considered at the level of individual bacterial species. However, it may be desirable to summarize observed susceptibilities across a number of pathogens, focusing instead on a specific sample type (such as blood cultures) as representing a certain type of infection (bacteremia or bloodstream infection). This can be achieved using a WISCA and has the advantages of simultaneously increasing sample size and improving the clinical relevance of surveillance data (13). While novel metrics, such as the WISCA, could be helpful to improve precision for childhood ABR surveillance data, their use for other distinct patient groups may also be valuable.

As an example ARPEC carbapenem resistance percentages for individual Gram-negative bacteria, for example, were relatively imprecise, despite being calculated across all age groups (E. coli 0.1%, 95%CI 0.1-2%; K. pneumoniae 14%, 95%CI 3-11%; P. aeruginosa 33%, 95%CI 25-42%) (2). When estimated using a WISCA methodology, Gram-negative bacterial carbapenem resistance was 11% with a tighter 95% confidence interval of 9-14% (14). In certain settings, such summary data could be the basis for selecting between alternative empiric treatment recommendations (similarly to those proposed by the British National Formulary for Children, for example) when individual and/or detailed local microbiological information is unlikely to be available (15). 

In summary, pooled population data is generally dominated by information derived from adult isolates and will not provide a truthful reflection of ABR patterns in neonates and children. Conversely, when age-stratified data are presented, the lack of precision due to small sample sizes is likely to be a challenge for childhood ABR surveillance. To overcome this limitation and to improve relevance of surveillance information for clinical practice, alternative methods of summarizing childhood ABR surveillance data should be explored. Given the rising burden of ABR and its consequences, such efforts should now be prioritized.
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