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Purpose

The Defined Daily Dose (DDD) as defined by the World Health Organization (WHO) has been the most frequently used unit of measurement to measure antibiotic use. However, measuring antibiotic use in paediatrics is a problem as the WHO DDD methodology is not applicable in children (aged > 1 month), because the large variation in body weight within this population. Based on the narrow range of body weights in the neonatal population, we therefore aimed to develop a set of neonatal DDDs for antibiotics.

Methods

Eight well-respected (inter)national sources for dosage recommendations of antibiotics in children and neonates were consulted for the assumed maintenance dose of the 10 most frequently used antibiotics in neonatal intensive care units in its main indication for neonates.

Results

A set of neonatal DDDs for ten commonly used antibiotics in neonates based on an assumed neonatal weight of 2 kg was proposed.

Conclusions

Primarily in children DDDs are not applicable to quantify antibiotic use since there is large variation in body weight. In the neonatal population, however, based on its narrow range of body weights and when access to patient level data is not available, neonatal DDDs can be used as unit of measurement.

Dear Dr Van Belkum, Thank you very much for the comments on our manuscript, which helped us to improve our manuscript.

We are very pleased that our manuscript is considered interesting and that we have been given the opportunity to revise the document.

We highlighted all changes in yellow in the revised manuscript and mentioned the referring line numbers in our answers to you.

We have carefully studied the comments and included a point by point summary of our response on the comments (see below).

Answer to the comments of the reviewer:

Major remarks 1.

The reliability of the proposal of DDDs can be improved considerably by including more details about the exact proposed dose given by each of the eight 'well-respected' sources and by adding this information to table 1.

We added the exact proposed dosages of the ten antibiotics given by each of the eight reference sources to table 1.

2.

You mentioned to present DDDs for 'the 10 most frequently used antibiotics in NICUs'. What sources did you use to identify these 10 antibiotics? Did you also include international sources?

For the selection of the 10 most frequently used antibiotics in neonates, we used data of our study as recently published in the Journal of Antimicrobial Chemotherapy (Liem et al. J. Antimicrob. Chemother. 2010; 65: 1270-1275; doi:10.1093/jac/dkq107) in which we showed the variation in antibiotic use in all ten tertiary care neonatal intensive care units in the Netherlands. In addition, we also included data of international studies on the antibiotic use in NICUs for this selection of 10 antibiotics, such as: The 'Instructions for authors', however, don't permit us to add all these articles to the reference list, as a maximum of 10 references is allowed for a 'Brief report'.

o Du W, Warrier I, Tutag L, V, Salari V,

3.

In your report, you motivated why you developed DDDs for neonates. As long as comparisons are geographically limited to one country however, other methods to approach the volume of consumed antibiotics can be used. You forgot however to mention that the use of DDDs is particularly recommended for international comparisons.

We agree with the reviewer's comment that the use of DDDs is mainly recommended for international comparisons. Therefore, we rephrased lines 61-62 and 67 in our revised manuscript.

You mentioned the link between antibiotic use and resistance. I am wondering however if a relationship between neonatal antibiotic use and resistance has been demonstrated

, as yet. If so, references need to be added. If not, please speak about resistance in a more generalized way, clearly stating that there is still a lack of knowledge in this field.

There certainly have been studies showing a relationship between antibiotic use and resistance in neonates. Therefore, we added some information (including a reference) regarding this issue in lines 129-133 in our revised manuscript.

Editing remarks 1.

I do not know if form requirements exist for the publication of a Brief Report in the journal. It looks rather strange however, that on the one hand a well-structured abstract was added to your report and that on the other hand, the body of the report lacks any structure.

Although we submitted our manuscript as a 'Brief Report', the 'Instructions for authors' of the European Journal of Clinical Microbiology and Infectious Diseases stated that we are obliged to submit a structured abstract of 150 to 250 words which should be divided into the following sections: Purpose (stating the main purposes and research question), Methods, Results, Conclusions.

The complete references of the 'well-respected' sources should be added to the reference list with only reference numbers in table 1.

We added the complete references of the eight reference sources to the reference list of our revised manuscript. As a consequence we exceed the maximum of 10 references as stated for a 'Brief report'. 1). [START_REF] Liem | Variation in antibiotic use in neonatal intensive care units in the 175 Netherlands[END_REF] Considering these 107 antibiotics we did not found discrepancies in the dosage recommendations between 108 the various evaluated sources. In addition, this overview of assumed maintenance 

  Dose (DDD) as defined by the World Health Organization (WHO) 32 has been the most frequently used unit of measurement to measure antibiotic use. 33 However, measuring antibiotic use in paediatrics is a problem as the WHO DDD 34 methodology is not applicable in children (aged > 1 month), because the large 35 variation in body weight within this population. Based on the narrow range of body 36 weights in the neonatal population, we therefore aimed to develop a set of neonatal 37 DDDs for antibiotics. 38 39 Methods 40 Eight well-respected (inter)national sources for dosage recommendations of 41 antibiotics in children and neonates were consulted for the assumed maintenance 42 dose of the 10 most frequently used antibiotics in neonatal intensive care units in its 43 main indication for neonates. neonatal DDDs for ten commonly used antibiotics in neonates based on an 47 assumed neonatal weight of 2 kg was proposed. DDDs are not applicable to quantify antibiotic use since there is 51 large variation in body weight. In the neonatal population, however, based on its 52 narrow range of body weights and when access to patient level data is not available, 53 neonatal DDDs can be used as unit of measurement.

  on body weight. Therefore, in order to calculate a paediatric DDD, 84 an average body weight for the paediatric population needs to be assumed. 85 However, in our opinion, this methodology is questionable as there is a large 86 variation in body weight within the paediatric population. This view is supported by 87 the WHO International Working Group for Drug Statistics Methodology's publication 88 'Guidelines for ATC classification and DDD assignment'.[START_REF]Guidelines for ATC classification and DDD assignment[END_REF] In this, the WHO states 89 that it is impossible to define paediatric DDDs because dose recommendations for 90 use in children vary according to age and body weight (and setting). Furthermore, 91 many drugs used in paediatrics are not even approved for such use and dosing 92 information is not available. In response to the WHO's negative comments about 93 paediatric DDDs, several alternative measurement systems for antibiotic use in 94 children have been proposed, e.g. an estimation of antibiotic exposure by controlling 95 for patient weight and amount of wasted drug. [9;10] 96 Nevertheless, regarding the issue on variation in body weight, one should distinguish 97 children (>1 month of age) from neonates (<1 month of age) as the variation in body 98 weight in children (mean body weight at age 1 month: 4.2 kg [11]; mean body weight 99 at age of 17 years: 60 kg [12]) is larger compared to the neonatal population (mean 100 body weight: 2.1 kg ± 1.0, based on own data). Consequently, in our view the 101 disadvantage of the DDD methodology in paediatrics is more relevant for children 102 than for neonates. Therefore, we aimed to devise a set of neonatal DDDs for 103 antibiotics. We consulted eight well-respected (inter)national sources for dosage 104 recommendations of antibiotics in children and neonates for the assumed 105 maintenance dose of the 10 most frequently used antibiotics in NICUs in its main 106 indication for neonates (i.e. neonatal sepsis) (Table

109

  dosages was evaluated and approved by two external experts: a hospital pharmacist 110 and a paediatrician-infectious disease specialist. As a result, we propose a set of neonatal DDDs for commonly used antibiotics in neonates based on an assumed 112 neonatal weight of 2 kg. (Table 1) Regarding these proposed neonatal DDDs, one 113 should, however, take into account the general limitations of the DDD but also 114 limitations specific to this patient group such as the policy on handling of waste of 115 unused antibiotics in a NICU setting. After all, waste of unused antibiotics would not 116 reflect a real estimate of neonatal DDDs.117 Obviously, our proposed neonatal DDDs do not alter the fact that there is a lack of 118 data on antibiotic use on the individual patient level. Yet, with the increasing use of 119 computerised medical information systems it will be considerably easier to get 120 access to data on the level of the individual patient, such as days of therapy (DOT). 121 DOT is not influenced by discrepancies between the DDD and the PDD, by changes 122 in the WHO assigned DDD and is independent of age-and weight-related 123 differences in dosage. [7;14] A major disadvantage of this parameter is, however, 124 that currently such detailed data on the individual patient level are not readily 125 available. Moreover, if one would like to link data on antibiotic use to resistance, 126 preferably both units of measurement, DOT (independent of dosage) and DDD 127 (dependent of dosage), should be used, since it is unidentified which of these 128 measurement methods is most predictive of resistance. [7] A recent study has shown 129 that repeated and/or prolonged antibiotic use in neonates resulted in an increase of 130 hospital-acquired, antibiotic-resistant organisms such as methicillin-resistant 131 Staphylococcus aureus, vancomycin-resistant Enterococcus, and multidrug-resistant 132 Gram-negative rods. [15] 133 In conclusion, in order to quantify antibiotic use the DDD methodology is not 134 applicable in the paediatric population, mainly in children aged between 1 month-18 135 years, because the large variation in body weight within this population. Although in 136 the neonatal population, until patient level data are widely available and based on its 137 narrow range of body weights, we suggest, illustrated by the example of antibiotics, 138 that the neonatal DDD (nDDD) is a good alternative unit of measurement, both in 139 research and for benchmarking purposes.
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		Maintenance dose in mg/kg/day in its main indication for neonates							
										Assumed	Neonatal		
										maintenance	DDD (g)	Adult DDD	
										dose in	(assumed	(WHO 2005)	
										mg/kg/day in	average	(g)	Factor
										its main	body	(assumed	(adult vs
	Name of									indication for	weight of	body weight	neonatal
	antibiotic	[16]	[17]	[18]	[12]	[11]	[19]	[20]	[21]	neonates	2 kg)	of 70 kg)	DDD)
	Ampicillin	n.a.	100	100	100	100-200	100-200	100	200	100	0.2	2	10
	Amoxicillin	75-100	n.a.	n.a.	n.a.	100-150	n.a.	n.a.	n.a.	100	0.2	1	5
	Amoxicillin and												
	enzyme												
	inhibitor	100	n.a.	n.a.	n.a.	90	n.a.	n.a.	n.a.	100	0.2	3	15
	Flucloxacillin	100	n.a.	n.a.	n.a.	100	n.a.	n.a.	n.a.	100	0.2	2	10
	Ceftazidime	150	150	150	150	75	150	150	150	150	0.3	4	13
	Cefotaxime	150	150	150-200	150-200	75-100	150-200	150-200	150	150	0.3	4	13
	Meropenem	60	60	60	60	60	60	60	60	60	0.12	2	17
	Erythromycin	30	n.a.	n.a.	30	50	n.a.	n.a.	n.a.	30	0.06	1	17
	Gentamicin	4	5	5	5	4	5	5	5	4	0.008	0.24	30
	Vancomycin	30	30	30	30-60	45	30-60	30	30	30	0.06	2	33
	149												
	n.a. not available												
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