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GENERAL COMMENTS Thank you to the editorial team for the opportunity to review this 
paper and to the authors for their submission. As you will see, I have 
mixed feelings about the paper. On the one hand, it efficiently and 
effectively demonstrates that multi-centre single-day point-
prevalence surveys are a feasible method for collecting data 
describing antibiotic prescribing patterns, and for ‘developing quality 
measures’ though whether or not these proxy measures 
(correlates?) are actual (surrogate?) measures of quality or else are 
all-too-prevalent besides-the-point bureaucratic ‘key performance 
indicators’ I am not so sure. There is plenty of overlap here with 
other ARPEC papers, including most obviously and recently 
Versporten et al 2016, JAC. Without an attempt to validate these 
descriptive measurements against some/any more granular gold- or 
at least pewter-standard of quality prescribing, I am unconvinced 
that the manuscript can really be described as developing novel 
quality measures of appropriate prescribing.  
 
For the most part, the manuscript is good and reflects a continuing 
huge effort on the part of the authors and all involved in the PPS. I 
think the descriptive data is valuable but am concerned that 
overselling PPS findings may not be helpful. Emerging from the well-
established ARPEC ‘pipeline’, and with an all-star list of European 
authors, the sections are technically sound (even standardised). I 
appreciated the close-editing - it was generally a ‘tight’ manuscript.  
 
A few thoughts, comments, suggestions, and then, with apologies, a 
polemic… I’ve ultimately advised ‘minor revisions’ in order to 
encourage the authors to consider some changes to the framing of 
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the study. While my critique is lengthy/verbose, I do not want to take 
away from the brilliant data and great work of ARPEC and everyone 
involved in this PPS. In some ways elements of my critique are more 
about what the paper is not than what it is, which is probably unfair.  
 
1. After introducing the J01 category, I would discourage further use 
of this nomenclature and just refer to ‘antibiotics’ in the text and 
tables.  
 
2. The exclusion of neonates was curious, and I assume this area 
will be addressed in a separate paper (it was included in the 2017 
JAC paper). The neonatal care environment is much more 
standardised and description of heterogenous patient populations at 
different centres more well-developed than for children and 
adolescents. Against this background, quality of prescribing might 
arguably more accurately be inferred from measurements of 
prescribing quantity.  
 
3. One point of potential confusion (definite confusion in my case at 
least!) was the manner in which the data was presented throughout 
as having been collected on a single-day yet in the data extraction 
section of the Methods (line 22, page 5), three separate single-day 
PPS are listed. From which actual single-day PPS did you extract 
the data which was presented? Did some/all hospitals participate in 
more than one of the PPS (I expect so). If you extracted data from 
more than one PPS for the same hospital, how have you recorded 
this in your presentation of results? It also begs the question as to 
whether or not some longitudinal description/comparisons would be 
possible across the sequential single-day surveys.  
 
4. It is unfortunate that there is no data presented regarding the type 
of treatment (empirical vs targeted). This was collected in the 
ARPEC surveys. Was there a reason for this?  
 
5. In regards to the figures and tables:  
- Tables 1 and 2 are valuable  
- I appreciated the funnel plot (figure 1) to adjust for different hospital 
sizes and identify outliers.  
- I did not find figure 2 particularly illuminating beyond what was 
already in the text. I assume the labels on the X-axis refer to 
different hospitals participating in the survey? Perhaps the figure 
might be better if some colour was applied, showing which hospitals 
were tertiary, district (or some other extra layer)?  
- I also did not find figure 3 very useful. Neither graph adds very 
much to the text. From the graph, there appears to be no significant 
relationship between inappropriate dosing and weight. The text 
curiously refers to there being no relationship either between age 
and inappropriate dosing, and for an unknown reason makes a point 
about a non-significant trend based on low numbers towards under 
dosing of gentamicin for older children, and vancomycin for younger 
children, which is not explored further in the discussion.  
 
6. VERY minor points:  
- In the abstract, the abbreviation “ PPS’s ” feels clumsy. What 
purpose does the apostrophe serve?  
- A number of tables, referring to age groups, use “year” when 
“years” would seem to be more appropriate  
- In the supplemental table, the word “hospital” should be “hospitals” 
and “survey” should be “surveys”  
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Cue polemic, with apologies…  
 
My greater concerns relate to the framing of this article in terms of 
measuring quality. Just because the English DoH says something is 
a ‘quality measure’ doesn’t make it a measure of quality. Some of 
the concerns are already tangentially touched upon in the 
discussion, and they could/should be addressed by an 
accompanying commentary. These comments should not take away 
from the immense effort involved in the conduct and analysis of the 
PPS and the important descriptive data which is presented in the 
manuscript.  
 
We are not so much antimicrobial stewards as we are stewards of a 
hospital, community, national, global microbiome upon which our 
antimicrobial footprint has and continues to have a dramatic impact. 
There are many obvious links to the response/non-response to 
anthropogenic global warming - a point which has often been made. 
Irresistible military metaphors abound in the stewardship sphere, but 
if this is a war, we are fighting very politely, and with one hand tied 
behind our backs. PPS certainly deliver data (it may be time to retire 
the oft-repeated line about there being sparse paediatric prescribing 
data? Will more data of the type we have lead to more solutions?). 
PPS definitely deliver reports and publications. Will they deliver 
‘victory’? I am not so sure.  
 
ARPEC and others look to have adjusted their strategy to focus on 
producing many papers from each survey, each one highlighting one 
point about antibiotic prescribing. I can understand the political 
reasons for this strategic shift away from big all-encompassing 
papers. We really do seem to be failing to drive home the point that 
there is an existential slow-burning battle occurring to salvage 
medicine as we know it. For now at least, it seems as if we are 
expending more time and effort to chronicling our defeat than to 
fighting back. We are hitched to a clunky bureaucracy unmoved by 
the crisis, and our programs are geared towards delivering 
secondary goals, because our primary aims and endpoints are too 
hard to explain to bureaucrats, and may not be seen for many years. 
Most of our interventions too, very nicely reviewed previously by the 
ARPEC group, seem to be disproportionately pleasant, and whole 
areas of high-intensity antimicrobial exposure where practices and 
even guidelines are largely informed by dogma still remain relatively 
resistant to our efforts (such as oncology and cystic fibrosis antibiotic 
management).  
 
It is unclear to me that cross-sectional PPS is a method with proven 
reliability and validity (separate from feasibility) in assessing quality 
of prescribing, or a sensitive and specific way of identifying poor 
prescribing patterns.The points made by the authors in their 
discussion of limitations echo previous PPS papers - no 
microbiological correlation, heterogeneous patient populations, no 
good/easy paediatric metrics etc… It is unclear to me that these 
limitations can be easily overcome.  
 
1. Quantifying usage:  
I am not convinced that comparing whole hospital antibiotic usage in 
a PPS is useful, beyond raising questions about the different patient 
populations served by each hospital. Outlier high-prescribing units 
will inevitably claim to be outliers, i.e. that they look after special 
patients with special problems. A hospital with a large population of 
immunocompromised patients might reasonably make the point that 
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a large part of their antibiotic footprint is essentially non-
negotiable/world’s bed practice (e.g. PJP prophylaxis) or even 
directed by international research protocols. In similar ways, certain 
common practices supported by very limited evidence can account 
for a lot of antibiotic use in some units not represented at every 
hospital - cystic fibrosis comes to mind, also oncology practices such 
as very prolonged treatment until neutrophil recovery for culture-
negative febrile neutropenia. It might be better to focus on inter-
hospital comparisons by the units/ward groups in table 1. A focussed 
reader might use the listed 95% confidence intervals for each 
unit/ward group (i.e. haem/onc) to build a picture of the spread of 
prescribing rates, but if the aim is to really consider prescribing 
quality then this should be more obvious and an effort needs to be 
made to group like units (e.g. haem/onc units with and without HSCT 
are clearly different beasts). Secondly, I do not think we should 
succumb to using poor metrics because we don’t have the tools to 
deliver better ones. We need to be demanding those tools to enable 
us to do our jobs properly. Proportion on/off is probably the best a 
PPS can and should do. The limitations of all metrics linked to 
weight/age are too great.  
 
While I liked the funnel plot, to confirm the value of applying this 
technique to a cross-sectional single-day PPS for benchmarking 
purposes, further work needs to be done to examine if the 
differences in the funnel plot reflect patient population differences, 
divergent institutional patterns and/or guidelines, or (as might be the 
case for smaller centres) individual positive or negative ‘deviant’ 
prescribers directing decisions at the time of the PPS.  
 
2. Meropenem and ‘last resort’ antibiotics:  
Without closer examination it is difficult to know if this is really a 
measure of quality. Knowing the setting (empirical vs targeted, ward 
vs PICU, admission unit etc) might be helpful. The total number of 
meropenem prescriptions on a single day are relatively low - a better 
approach might be a longer focussed survey of meropenem use 
(and/or other ‘last resort’ antibiotics)?  
 
Might increased prescribing be an appropriate response to 
increasing resistance, i.e. definitive therapy of resistant infections 
and empiric therapy of life-threatening infections? Some ‘last resort’ 
antibiotic prescribing probably reflects uncertainty even among 
experts as to what is best practice, such as in:  
- use of non-carbapenem agents for infections with ESBL-producing 
organisms  
- approaches to identifying or assuming AmpC resistance states in 
Enterobacter and other bacteria that regular harbour a chromosomal 
AmpC beta-lactamase  
- testing/reporting CoNS oxacillin susceptibility  
- aversion to aminoglycoside aversion.  
These and similar areas of uncertainty can and do affect prescribing 
of ‘last resort’ agents, though the actual prescribers might be 
following their institutional guidelines, local antibiograms,and/or 
specific ID recommendations.  
 
3. Vancomycin and gentamicin dosing:  
As the authors acknowledge, focussing on vancomycin and 
aminoglycoside dosing as quality measures is problematic without 
collection of finer details, including starting dose, therapeutic drug 
monitoring results, and prescriber responses to those results. In 
many ways, a better measure to use in a PPS would be to focus on 
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drugs where TDM is not an issue, such as in the group’s previous 
amoxicillin paper.  
 
Austerity won’t work for AMS. I suspect that PPS is a technique that 
will deliver diminishing returns in the future unless robust and 
validated measures of real prescribing quality can be developed. 
AMS teams need to know what is happening to patients right now, 
so that we can intervene to prevent low quality prescribing. We 
should be in a position to start writing the next round of papers - the 
story of ambitious/brave interventions - what works and what 
doesn’t. To my eye single-day PPS does not have sufficient 
granularity to make that judgement. Even where there is tacit 
recognition of the dangers of resistance, in many parts of the world 
we seem to still be stuck trying to make the case that the problem is 
great enough to require emergency action. We risk spinning our 
wheels by describing what happened yesterday rather than 
intervening in a big way today. We need to be demanding the 
resources to improve the quality of prescribing, and working together 
in networks like ARPEC to validate real measurements of quality. 

 

VERSION 1 – AUTHOR RESPONSE 

Response point by point to the reviewer 1:  
 

Thank you to the editorial team for the opportunity to review this paper and to the authors for their 

submission. As you will see, I have mixed feelings about the paper. On the one hand, it efficiently and 

effectively demonstrates that multi-centre single-day point-prevalence surveys are a feasible method 

for collecting data describing antibiotic prescribing patterns, and for ‘developing quality measures’ 

though whether or not these proxy measures (correlates?) are actual (surrogate?) measures of quality 

or else are all-too-prevalent besides-the-point bureaucratic ‘key performance indicators’ I am not so 

sure. There is plenty of overlap here with other ARPEC papers, including most obviously and recently 

Versporten et al 2016, JAC. Without an attempt to validate these descriptive measurements against 

some/any more granular gold- or at least pewter-standard of quality prescribing, I am unconvinced 

that the manuscript can really be described as developing novel quality measures of appropriate 

prescribing.  

We would like to thank the reviewer for this important comment and following the paper of Versporten 
et al 2016, we decided to change the objective of our paper. We are not developing new quality 
indicators but we are giving a baseline of antibiotic prescribing across institutions in UK applying the 
The National Health Service England AMR CQUIN (Commissioning for Quality and Innovation for 
antimicrobial resistance) quality indicators, recently implemented in secondary care.  We aimed to 
describe, compare and explain the prescription pattern of antibiotics across paediatric units in the UK, 
which has not been done previously (see Page 6 line 22-25, page 7 line1-2).  
 
 
For the most part, the manuscript is good and reflects a continuing huge effort on the part of the 
authors and all involved in the PPS. I think the descriptive data is valuable but am concerned that 
overselling PPS findings may not be helpful. Emerging from the well-established ARPEC ‘pipeline’, 
and with an all-star list of European authors, the sections are technically sound (even standardised). I 
appreciated the close-editing - it was generally a ‘tight’ manuscript. 
 A few thoughts, comments, suggestions, and then, with apologies, a polemic… I’ve ultimately 
advised ‘minor revisions’ in order to encourage the authors to consider some changes to the framing 
of the study. While my critique is lengthy/verbose, I do not want to take away from the brilliant data 
and great work of ARPEC and everyone involved in this PPS. In some ways elements of my critique 
are more about what the paper is not than what it is, which is probably unfair. 
 
We thank the reviewer for this very positive comment.  
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1. After introducing the J01 category, I would discourage further use of this nomenclature and just 
refer to ‘antibiotics’ in the text and tables.  
 
Thank you for this comment. We removed all the use of J01 after introducing it once.  
 
2. The exclusion of neonates was curious, and I assume this area will be addressed in a separate 
paper (it was included in the 2017 JAC paper). The neonatal care environment is much more 
standardised and description of heterogenous patient populations at different centres more well-
developed than for children and adolescents. Against this background, quality of prescribing might 
arguably more accurately be inferred from measurements of prescribing quantity.  
 
Yes, it will be another paper describing antibiotic patterns in neonates across UK as the population is 
very different from children and it would have been too many information only in one paper.  
 
3. One point of potential confusion (definite confusion in my case at least!) was the manner in which 
the data was presented throughout as having been collected on a single-day yet in the data extraction 
section of the Methods (line 22, page 5), three separate single-day PPS are listed. From which actual 
single-day PPS did you extract the data which was presented? Did some/all hospitals participate in 
more than one of the PPS (I expect so). If you extracted data from more than one PPS for the same 
hospital, how have you recorded this in your presentation of results? It also begs the question as to 
whether or not some longitudinal description/comparisons would be possible across the sequential 
single-day surveys.  
 
Most of the hospitals were represented only once in the PPS. One PPS study was the feasibility 
study, the second PPS was the pilot study and the third PPS was the proper full worldwide PPS 
study. If we had multiple data (multiple PPS data collection) from the same hospital, we decided to 
consider only the results of the PPS from the proper worldwide PPS in October-December 2012. 
There were not enough hospitals having multiple PPS for longitudinal description using sequential 
single-day PPS.  
 
4. It is unfortunate that there is no data presented regarding the type of treatment (empirical vs 
targeted). This was collected in the ARPEC surveys. Was there a reason for this?  
 
In this new version of the manuscript we wanted to stick to the quality indicators proposed by the NHS 
England through the AMR CQUIN to have a baseline for the future evaluation of this intervention 
across secondary care in UK. These quality indicators include 1) the total antibiotic consumption per 
year and 2) the use of certain broad-spectrum antibiotics considered as critical antibiotics, 
(carbapenems and piperacillin-tazobactam).  
 
5. In regards to the figures and tables:  
- Tables 1 and 2 are valuable  
- I appreciated the funnel plot (figure 1) to adjust for different hospital sizes and identify outliers.  
- I did not find figure 2 particularly illuminating beyond what was already in the text. I assume the 
labels on the X-axis refer to different hospitals participating in the survey? Perhaps the figure might be 
better if some colour was applied, showing which hospitals were tertiary, district (or some other extra 
layer)?  
 
Thank you for this advice. We added some color to show which hospitals were tertiary and which 
were district in figure 2.  
 
- I also did not find figure 3 very useful. Neither graph adds very much to the text. From the graph, 
there appears to be no significant relationship between inappropriate dosing and weight. The text 
curiously refers to there being no relationship either between age and inappropriate dosing, and for an 
unknown reason makes a point about a non-significant trend based on low numbers towards under 
dosing of gentamicin for older children, and vancomycin for younger children, which is not explored 
further in the discussion.  
 
Thank you for this comment. We removed Figure 3 in the new version and all the part in the text 
relating to inappropriate dosing and weight. We finally decided not to look at this quality indicator 
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anymore as it was not proposed by the AMR CQUIN NHS England.  
 
6. VERY minor points:  
- In the abstract, the abbreviation “ PPS’s ” feels clumsy. What purpose does the apostrophe serve?  
Thank you. We corrected it in the abstract. 
 
- A number of tables, referring to age groups, use “year” when “years” would seem to be more 
appropriate  
Thank you. We corrected it in the figures and tables. 
 
- In the supplemental table, the word “hospital” should be “hospitals” and “survey” should be “surveys”  
Again, thank you. I corrected it in the new supplemental table. 
 
 
 
Cue polemic, with apologies…  
 
My greater concerns relate to the framing of this article in terms of measuring quality. Just because 
the English DoH says something is a ‘quality measure’ doesn’t make it a measure of quality. Some of 
the concerns are already tangentially touched upon in the discussion, and they could/should be 
addressed by an accompanying commentary. These comments should not take away from the 
immense effort involved in the conduct and analysis of the PPS and the important descriptive data 
which is presented in the manuscript.  
 
We are not so much antimicrobial stewards as we are stewards of a hospital, community, national, 
global microbiome upon which our antimicrobial footprint has and continues to have a dramatic 
impact. There are many obvious links to the response/non-response to anthropogenic global warming 
- a point which has often been made. Irresistible military metaphors abound in the stewardship 
sphere, but if this is a war, we are fighting very politely, and with one hand tied behind our backs. PPS 
certainly deliver data (it may be time to retire the oft-repeated line about there being sparse paediatric 
prescribing data? Will more data of the type we have lead to more solutions?). PPS definitely deliver 
reports and publications. Will they deliver ‘victory’? I am not so sure.  
 
ARPEC and others look to have adjusted their strategy to focus on producing many papers from each 
survey, each one highlighting one point about antibiotic prescribing. I can understand the political 
reasons for this strategic shift away from big all-encompassing papers. We really do seem to be 
failing to drive home the point that there is an existential slow-burning battle occurring to salvage 
medicine as we know it. For now at least, it seems as if we are expending more time and effort to 
chronicling our defeat than to fighting back. We are hitched to a clunky bureaucracy unmoved by the 
crisis, and our programs are geared towards delivering secondary goals, because our primary aims 
and endpoints are too hard to explain to bureaucrats, and may not be seen for many years. Most of 
our interventions too, very nicely reviewed previously by the ARPEC group, seem to be 
disproportionately pleasant, and whole areas of high-intensity antimicrobial exposure where practices 
and even guidelines are largely informed by dogma still remain relatively resistant to our efforts (such 
as oncology and cystic fibrosis antibiotic management).  
 
It is unclear to me that cross-sectional PPS is a method with proven reliability and validity (separate 
from feasibility) in assessing quality of prescribing, or a sensitive and specific way of identifying poor 
prescribing patterns. The points made by the authors in their discussion of limitations echo previous 
PPS papers - no microbiological correlation, heterogeneous patient populations, no good/easy 
paediatric metrics etc… It is unclear to me that these limitations can be easily overcome.  
 
1. Quantifying usage:  
I am not convinced that comparing whole hospital antibiotic usage in a PPS is useful, beyond raising 
questions about the different patient populations served by each hospital. Outlier high-prescribing 
units will inevitably claim to be outliers, i.e. that they look after special patients with special problems. 
A hospital with a large population of immunocompromised patients might reasonably make the point 
that a large part of their antibiotic footprint is essentially non-negotiable/world’s bed practice (e.g. PJP 
prophylaxis) or even directed by international research protocols. In similar ways, certain common 
practices supported by very limited evidence can account for a lot of antibiotic use in some units not 
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represented at every hospital - cystic fibrosis comes to mind, also oncology practices such as very 
prolonged treatment until neutrophil recovery for culture-negative febrile neutropenia. It might be 
better to focus on inter-hospital comparisons by the units/ward groups in table 1. A focussed reader 
might use the listed 95% confidence intervals for each unit/ward group (i.e. haem/onc) to build a 
picture of the spread of prescribing rates, but if the aim is to really consider prescribing quality then 
this should be more obvious and an effort needs to be made to group like units (e.g. haem/onc units 
with and without HSCT are clearly different beasts). Secondly, I do not think we should succumb to 
using poor metrics because we don’t have the tools to deliver better ones. We need to be demanding 
those tools to enable us to do our jobs properly. Proportion on/off is probably the best a PPS can and 
should do. The limitations of all metrics linked to weight/age are too great.  
 
While I liked the funnel plot, to confirm the value of applying this technique to a cross-sectional single-
day PPS for benchmarking purposes, further work needs to be done to examine if the differences in 
the funnel plot reflect patient population differences, divergent institutional patterns and/or guidelines, 
or (as might be the case for smaller centres) individual positive or negative ‘deviant’ prescribers 
directing decisions at the time of the PPS.  
 
Thank you for this important comment. We fully agree that a more detailed analysis adjusting on the 
complexity of each patient within a hospital for implementing specific antimicrobial stewardship 
programmes would be appropriate. However, we tried to compare similar patients as much as we can 
(same age group, presence or not of an underlying disease, same type of hospital, etc. - See tables 
1-3) with the data available through the ARPEC project. In the Figure 2 for example, we stratified the 
total usage of antibiotics per hospital by age group and by type of hospital (tertiary or district) but we 
decided not to go further in term of the granularity of our analyses because of:   

- Methodological issues: we would have obtained very small numbers for comparing the usage 
of antibiotics like with like taking into account the complexity of the case mix.  We would have 
need to stratify or adjust on too many variables in the same time (severity of patients, 
diagnosis, age group, type of hospital, type of department, etc.).  

- Research question: Our goal was not to identify room of improvement for each hospital for 
directing implementation of QI efforts. That is why, following the comments of the reviewers, 
we have decided to revise our objectives in the introduction and our conclusion in order to 
avoid to mislead the readers. In this study, we cannot conclude if the hospitals prescribed 
antibiotics appropriately or not, because we do not have data on patients who have not 
received antibiotics and we have not defined what appropriate prescribing was (either in 
regards to national guidelines or expert consensus). The aim of this study was 1) to provide a 
baseline for antibiotic prescribing in the UK hospitals before the NHS England CQUIN 
initiative (paying hospitals for reducing the total amount and broad spectrum antibiotics by 
1%) was implemented, 2) to compare antimicrobial prescribing within and between paediatric 
hospitals in the UK and to try to understand the variation in prescribing.   

 
 
2. Meropenem and ‘last resort’ antibiotics:  
Without closer examination it is difficult to know if this is really a measure of quality. Knowing the 
setting (empirical vs targeted, ward vs PICU, admission unit etc) might be helpful. The total number of 
meropenem prescriptions on a single day are relatively low - a better approach might be a longer 
focussed survey of meropenem use (and/or other ‘last resort’ antibiotics)?  
 
Thank you for this comment. We use meropenem as a quality indicator proposed by NHS England 
AMR CQUIN but following the reviewer’s comment we decided to examine closer the use of 
meropenem comparing empirical vs targeted (page 16 line 8-9), ward vs PICU, underlying disease 
versus none (table 3).  
 
Might increased prescribing be an appropriate response to increasing resistance, i.e. definitive 
therapy of resistant infections and empiric therapy of life-threatening infections? Some ‘last resort’ 
antibiotic prescribing probably reflects uncertainty even among experts as to what is best practice, 
such as in:  
- use of non-carbapenem agents for infections with ESBL-producing organisms  
- approaches to identifying or assuming AmpC resistance states in Enterobacter and other bacteria 
that regular harbour a chromosomal AmpC beta-lactamase  
- testing/reporting CoNS oxacillin susceptibility  
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- aversion to aminoglycoside aversion.  
These and similar areas of uncertainty can and do affect prescribing of ‘last resort’ agents, though the 
actual prescribers might be following their institutional guidelines, local antibiograms,and/or specific ID 
recommendations.  
 
This is a very good comment from the reviewer and more research should be done to link prescribing 
to resistance pattern in pediatric but it was not the aim of this paper which was mainly provinding a 
baseline of antibiotic prescribing across hospitalized children in UK without exploring all the factors 
involved in the antibiotic prescribing patterns in secondary care.   
 
3. Vancomycin and gentamicin dosing:  
As the authors acknowledge, focussing on vancomycin and aminoglycoside dosing as quality 
measures is problematic without collection of finer details, including starting dose, therapeutic drug 
monitoring results, and prescriber responses to those results. In many ways, a better measure to use 
in a PPS would be to focus on drugs where TDM is not an issue, such as in the group’s previous 
amoxicillin paper.  
 
As explained above, all this part of the paper has been removed from the new version.  
 
Austerity won’t work for AMS. I suspect that PPS is a technique that will deliver diminishing returns in 
the future unless robust and validated measures of real prescribing quality can be developed. AMS 
teams need to know what is happening to patients right now, so that we can intervene to prevent low 
quality prescribing. We should be in a position to start writing the next round of papers - the story of 
ambitious/brave interventions - what works and what doesn’t. To my eye single-day PPS does not 
have sufficient granularity to make that judgement. Even where there is tacit recognition of the 
dangers of resistance, in many parts of the world we seem to still be stuck trying to make the case 
that the problem is great enough to require emergency action. We risk spinning our wheels by 
describing what happened yesterday rather than intervening in a big way today. We need to be 
demanding the resources to improve the quality of prescribing, and working together in networks like 
ARPEC to validate real measurements of quality. 
 
ARPEC was one of the first initiative for exploring antibiotic prescribing in hospitalised children using a 
standardized method across UK and Europe. We also think that it is critical to be able to describe 
what happened yesterday in order to identify the right intervention and to assess if an intervention is 
working. We need a baseline for action. We are aware that tackling the problem of resistance and 
inappropriate prescribing involve much more work. However, that will be the next steps of our 
research. We will be looking for example at sequential single PPS for longitudinal data in an 
international context with GARPEC (Global Antimicrobial Resistance, Prescribing, and Efficacy 
Among Neonates and Children).  
 

VERSION 2 – REVIEW 

 

REVIEWER Dr Josh Osowicki 
BC Children's Hospital/University of British Columbia, Vancouver, 
Canada 
 
I have previously published work relying on data collected for the 
Australian contribution to ARPEC. 

REVIEW RETURNED 25-May-2016 

 

GENERAL COMMENTS Thank you to the editors for the opportunity to review this 
submission. Thank you to the authors for the submission - I really 
appreciate your hard work.  
 
I reviewed a previous iteration of this paper in great detail and 
somewhat unflattering and probably overblown terms. For me, this 
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subsequent revision and resubmission represents a marked 
improvement. Where the previous submission (editor - I can provide 
my earlier review if you wish) was inappropriately grandiose I think, 
this version hits its mark, more clearly outlining the study's context 
and its important but comparatively modest goals and impact. It is 
obvious that the authors worked hard to reframe the piece and it has 
really paid off, I think. What was being presented as a great leap 
forward is now presented as another step in the right direction, 
demonstrating the capacity of ARPEC and PPS to contribute to the 
significant but incremental efforts of governments to fight 
antimicrobial resistance.  
 
The journal may wish to have a specialist statistician review the 
funnel plot and its description. My non-specialist impression is that it 
is valuable and has been presented well.  
 
Rather than repeat every other element of my previous review which 
I will happily provide to BMJ Open, I will just conclude in saying that I 
appreciate the hard work of the authors in revising their paper, and 
that I would have happily recommended this latest submission for 
publication if I had reviewed it in the first instance. 

 

REVIEWER Jeffrey Gerber 
The Children's Hospital of Philadelphia  
University of Pennsylvania School of Medicine  
Philadelphia, PA, USA 

REVIEW RETURNED 21-Jun-2016 

 

GENERAL COMMENTS This is important work for examining antimicrobial use across 
hospitals in the UK. However, based on the current approach, it is a 
30,000 foot view and requires more detailed analysis before these 
data are ready for directing implementation of QI efforts. Most 
importantly, comparisons for benchmarking should be done 
comparing like with like – for example, heme-onc patients within 
tertiary care hospitals among patients with the same mix of 
diagnosis, severity of illness, and age. This is critical to identify true 
non indicated variation/targets for stewardship. Some detailed 
comments below.  
 
ABSTRACT  
The conclusion “We identified areas of improvement for appropriate 
children antibiotic prescribing” does not follow the results, as there is 
not yet evidence that this prescribing was inappropriate (although I, 
like the authors, believe that there is and that more detailed 
analyses can prove this).  
 
METHODS  
 
How are these hospitals representative of the population of 
hospitalized children in the UK?  
 
Although examining carbapenems and Pip-tazo are important, a 
balancing measure such as cefepime/other broad-spectrum GN 
agent use might be helpful.  
 
RESULTS  
 
What is an “underlying disease” and how was this identified as being 
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recognized before the admission from these data?  
 
Page 8, line 22-25 – what is the basis for this comparison of groups 
of illnesses?  
 
For the comparison of CAI and HAI, is this reflective of the incidence 
of these infections?  
 
Page 9, line 1 – how do you know that 24% is high for children on 
prophylaxis without identifying how many have had procedures that 
require periop antibiotics and on what post surgical day the patient 
was audited?  
 
Page 9, Figure 1: It would be more effective to plot outliers with risk 
adjustment by age, condition, and severity of illness. 

 

VERSION 2 – AUTHOR RESPONSE 

Reviewer #1: General comments for the Authors  

 

We would like to thank the reviewer 1 for having reviewed our manuscript twice and for his excellent 

feedback that enabled us to improve substantially our manuscript.  

 

Reviewer #2: 1) General comments for the Authors  

 

Thank you for this important comment. We fully agree that a more detailed analysis adjusting on the 

complexity of each patient within a hospital for implementing specific antimicrobial stewardship 

programmes would be appropriate. However, we tried to compare similar patients as much as we 

could (same age group, presence or not of an underlying disease, same type of hospital, etc. - See 

tables 1-3) with the data available through the ARPEC project. In Figure 2, for example, we stratified 

the total usage of antibiotics per hospital by age group and by type of hospital (tertiary or district) but 

we decided not to go further in term of the granularity of our analyses because of:  

- Methodological issues: we would have obtained very small numbers for comparing the usage of 

antibiotics `like with like` taking into account the complexity of the case-mix. We would have needed 

to stratify or adjust on too many variables at the same time (severity of patients, diagnosis, age group, 

type of hospital, type of department, etc.) using multivariate analysis. However, without the 

information on the patients who haven’t received a course of antibiotics, we cannot define if antibiotics 

have been appropriately prescribed or not, and therefore a multivariate analysis would not have been 

appropriate.  

 

- Research question: The aim of this study was 1) to provide a baseline for antibiotic prescribing in the 

UK hospitals before the NHS England CQUIN initiative (paying hospitals for reducing the total amount 

and broad spectrum antibiotics by 1%) was implemented, 2) to compare antimicrobial prescribing 

within and between paediatric hospitals in the UK and to try to understand the variation in prescribing.  

Our goal was not to identify whether antibiotics were prescribed appropriately. Accordingly, we did not 

define what appropriate prescribing was (either in regards to national guidelines or expert consensus). 

Therefore, following the comments of the reviewers, we have decided to revise our objectives in the 

introduction (see page P5 line 22-26 and page6 line 1-2) and revise our conclusion (page 18 line 6-8) 

in order to avoid misleading the readers.  

 

Reviewer #2: 2) Abstract:  

We agree with the reviewer’s comment and have decided to revise our conclusion as there is not 

enough evidence that the prescribing was inappropriate (see page 3-4 line 25-26 and page 18 line 6-

8) main manuscript.  
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Reviewer #2: 3) METHODS (1):  

Following the reviewer’s comment, we have decided to add more explanation regarding the selection 

of the hospitals in the methodology section (see page 6 line 8-9) and we have added the potential 

selection bias in the limitations section in the discussion (only volunteer hospitals were included in the 

study, so those which were more likely to be motivated and therefore more likely to be the most 

involved in antimicrobial stewardship programmes). There was no payment for participation – it was 

entirely voluntary. (see page 18 line 1-4).  

The methodology of ARPEC is very well described in a previous paper by Versporten and al., PIDJ 

2013.  

“Promotion of the study was an important aspect enabling data collecting from on a wide variety of 

different hospitals, wards and patients characteristics across UK. Paediatricians belonging to the well-

established networks from ESAC (European Surveillance of Antimicrobial Consumption), ESPID 

(European Society of Paediatric Infectious Diseases) and GRiP (Global Research in Paediatrics) were 

invited to participate. Any interested hospital-based physician caring for neonates or children could 

indicate his/her interest in the project by contacting arpec@ua.ac.be.”  

We managed to involve 61 Centre in the UK coming from all regions, either district (44 hospitals) or 

tertiary/specialised hospitals (17 hospitals) among the 218 Inpatient Paediatric Units in the UK (Ref: 

Facing the Future: A Review of Paediatric Services, April 2011, Royal College of paediatrics and child 

health).  

 

Reviewer #2: 4) METHODS (2):  

Yes, indeed, it would have be interesting to look at the cephalosporin usage but we wanted to give a 

baseline only for the 3 indicators that the NHS England proposed to analyse and to focus their efforts 

on for the 1% reduction per year (i.e., total amount of antibiotic, carbapenem usage and piperacillin-

tazobactam usage).  

Also there is no clear consensus yet on what broad spectrum GN agents are. In the UK, we do not 

use cefepime, but other cephalosporin. Therefore, we restricted our study only on the drugs clearly 

mentioned by CQUIN NHS England for future evaluation of national strategies.  

 

Reviewer #2: 5) Results:  

Thank you. We have revised the manuscript by providing more information about an “underlying 

disease” in the methodology section page 6 line 13-16.  

An “underlying disease” is a pre-existing comorbidity (most often a chronic disorder) in addition to the 

diagnosis of infection for which patients are prescribed antibiotics. It can be either:  

- Oncologic/hematologic disease  

- Surgical problem  

- Chronic lung disease including cystic fibrosis  

- Respiratory distress syndrome  

- Chronic neurological condition  

- Congenital heart disease  

- Genetic and metabolic disease  

- Chronic renal disease  

- Prematurity  

- Gastrointestinal disease  

- Other/unknown  

- Congenital immunodeficiency  

- Rheumatological disease  

We decided to dichotomize as patients with underlying disease and without underlying disease for the 

analyses.  

We cannot be sure that the underlying disease was present before the infection (we can only assume 

that it was) as it is a cross sectional study and we do not have any information on the time occurrence 
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and causation of the disease. It is a limitation of our study that we have now highlighted in the 

discussion (page 18 line 1-4).  

 

Reviewer #2: 6) Page 8, line 22-25:  

Thank you. We have revised the manuscript by providing more information in the methodology 

section page 6 line 13-16.  

To facilitate the data collection on underlying diagnosis and reason for treatment, predefined lists of 

grouped items were used. This was originally developed as part of a study looking at methodological 

issues relevant to the evaluation of antimicrobial consumption in hospitalised children (Porta A, Eur J 

Clin Pharmacol. 2010), and was refined for this study with consultation amongst project participants to 

ensure it captured clinically relevant groups. Similar diagnostic categories have been used in the 

recent ECDC hospital-acquired infection and antibiotic use PPS that does not specifically target 

children (Available at http://www.ecdc.europa.eu/en/activities/surveillance/hai/about_hai-

net/pages/pps.aspx).  

For our analyses, we have decided to group together common bacterial infections 

(LRTI/UTI/SSTI/Joint-Bone/Pyrexia/GITI) that generally require antibiotics; more severe infections 

(Sepsis/CRBSI/CNS/febrile neutropenia); uncomplicated respiratory infections (URTI mainly viral) and 

prophylactic medical and surgical treatment and unknown or others.  

 

Reviewer #2: 7) For the comparison of CAI and HAI, is this reflective of the incidence of these 

infections?:  

Thank you. We are comparing the proportion of CAI and HAI only among children who are on 

antibiotics, therefore it does not reflect the incidence of CAI and HCAI of these infections in the 

general population. We are comparing a ratio of these infections nCAI=797 children / nHCAI=211 = 

3.8 (See page 10 line 6-8).  

 

Reviewer #2: 8) Page 9, line 1:  

It is true that we do not have enough information on the surgical procedures (type and date) for 

concluding about inappropriate `or high` prescribing.  

We have revised our manuscript accordingly (results and abstract (see page 3 line 20-21 and page 10 

Line 8-10) and we provided in the discussion a comparison with Italy (De Luca, Plos one 2016) and 

worldwide data (Versporten, JAC 2016) for the proportion of children on medical prophylaxis. Results 

are similar to UK and are considered high by the authors of these two papers (page 16 line 17-19).  

Information on surgical prophylaxis was captured for the previous 24 h of the audit of the patient, 

indicating 1 dose, 1 day or >1 day. However, no information on the precise date of the surgery was 

collected (see page 6 line 11).  

 

Reviewer #2: 9) Page 9, Figure 1:  

We have revised the manuscript accordingly (see page 10 Line 24-26 and page 11 Line 1-4), by 

adjusting on the type of hospital, presence of an underlying condition, the age and the reason for 

treatment.  

Instead of plotting the hospitals adjusting on the case mix figure 1, which would have been confusing 

on the graph and very difficult to represent (each hospital having a mix of ages, condition and 

diagnosis), we have preferred to identify outlier hospitals in terms of antibiotic prescribing using the 

funnel plot. Then we had a more detailed analysis of the outliers regarding type of hospital (tertiary or 

district) and their population (age, presence of underlying disease, and the unit where the patients 

were treated). 
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