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RIASSUNTO 

 

Background: 

Gli interventi di Stewardship Antibiotica (AS) in ambito pediatrico sono ancora 

poco standardizzati per metodologia, parametri di valutazione ed esiti clinici da 

considerare. Di seguito si riportano i risultati dello studio ENSURE (ENforcing 

SUrveillance of antimicrobial Resistance and antibiotic usE to drive stewardship), 

uno studio quasi-sperimentale volto a migliorare l’appropriatezza delle prescrizioni 

antimicrobiche nell’area medica pediatrica attraverso la fornitura di linee guida per 

il trattamento specificamente disegnate secondo i dati di sorveglianza 

microbiologica raccolti a livello locale. 

Materiali e metodi: 

L’intervento di AS è stato condotto nell’Area medica pediatrica di un ospedale di 

terzo livello nel periodo Marzo 2021 - Giugno 2023. Gli elementi chiave 

dell’intervento sono stati: 1) fase intensiva iniziale (Marzo 2021 - Maggio 2021) 

effettuata da uno specialista infettivologo che lavorava a tempo pieno nel reparto di 

interesse, per osservazione e riscontro dei bisogni di formazione in ambito di 

antibioticoterapia; 2) elaborazione di linee guida di terapia antibiotica disegnate “su 

misura”, secondo i dati di suscettibilità microbiologica locale, fornite al personale 

prescrittore in Gennaio 2022 e consultabili anche tramite un applicativo 

personalizzato (Firstline.org); 3) fase di follow-up di 18 mesi (Febbraio 2022 - 

Giugno 2023) con metodologia “audit e feedback”. L’endpoint primario valutato è 

stato il consumo di antibiotici sistemici (classe ATC J01), stimato mediante i 

parametri “Dosi giornaliere definite” (DDD), “Giorni di terapia” (DOT) e “Durata 

della terapia” (LOT), normalizzati per 1000 pazienti/giorno (*1000 PD), nei 18 

mesi successivi all’intervento (anno 2022-2023) confrontati con dati di controllo 

storico di 12 mesi pre-pandemia da virus SARS-COV2 (anno 2019), con 

metodologia descrittiva e con analisi statistica mediante “Interrupted Time Series 

Analysis” (ITSA). Gli endpoint secondari dello studio sono stati: 1) distribuzione 

del consumo di antibiotici per classe AWaRe di OMS; 2) valutazione 

dell’appropriatezza della terapia (tramite audit e feedback); 3) durata della degenza 



(length of stay - LOS); 4) mortalità intra-ospedaliera; 5) prevalenza di 

microorganismi multi-resistenti (MDR). 

Risultati: 

È stata documentata una significativa riduzione del consumo di antibiotici, sia in 

termini di DDD *1000 PD, sia come DOT e LOT *1000 PD. Raffrontando i dati 

per semestre al fine di tenere conto anche delle attese fluttuazioni per stagionalità, 

si è osservato un decremento pari al 55% nel parametro DDD totali normalizzate 

*1000 PD (140 vs 312) tra I semestre 2022 e I semestre 2019, del 47% (203 vs 385) 

tra II semestre 2022 e II semestre 2019 e del 22% (243 vs 312) tra I semestre 2023 

e I semestre 2019. Si è osservato inoltre un decremento del parametro DOT totali 

normalizzate *1000 PD pari al 63% (DOT 270 vs 724) tra I semestre 2022 e I 

semestre 2019, del 55% (DOT 370 vs 830) tra II semestre 2022 e II semestre 2019 

e del 50% (DOT 359 vs 724) tra I semestre 2023 e I semestre 2019. Un decremento 

in LOT medio *1000 PD del 48% (LOT 232 vs 450) si è rilevato tra I semestre 

2022 e I semestre 2019, del 32% (LOT 319 vs 472) tra II semestre 2022 e II 

semestre 2019 e del 30% (LOT 313 vs 450) tra I semestre 2023 e I semestre 2019. 

L’analisi ITS ha evidenziato significatività statistica (p<0,01) per le differenze in 

fase pre- versus post-intervento per tutti i 3 parametri di valutazione dei consumi 

(DDD, DOT, LOT). 

Una modifica nelle abitudini prescrittive con maggior utilizzo di antibiotici di classe 

“Access” rispetto a “Watch” si è resa evidente in fase post-intervento nel corso 

dell’anno 2022-2023. Il rapporto “Access to Watch” per DDD medio *1000 PD per 

semestre di rilevazione risultava in incremento progressivo dal I semestre 2019 

(ratio: 0,6) al II semestre 2022 (ratio: 1,8), con decremento nel I semestre 2023 

(ratio: 0,8), mantenendo tuttavia valori superiori alla fase pre-intervento. 

LOS e mortalità intraospedaliera sono rimasti stabili nella fase pre- e post-

intervento. 

La prevalenza di infezioni da microrganismi MDR è rimasta stabile e molto bassa 

nella fase pre- e post-intervento (anno 2019: 9%; anno 2022 e 2023: 7%). Si è 

osservato invece un incremento della prevalenza di microrganismi Escherichia coli 

isolati da urinocoltura che risultavano resistenti alla terapia prevista da linee guida 



(anno 2019: 18%; anno 2022: 34%; I semestre 2023: 40%), con assoluta 

preponderanza dei resistenti ad amoxicillina-acido clavulanico. 

Durante la fase di follow-up post-intervento sono state condotti 42 audit con 

valutazione di 713 pazienti, 214 dei quali risultavano in terapia antibiotica 

(proporzione media: I semestre anno 2022 - 29%; II semestre anno 2022 - 32%; I 

semestre anno 2023 - 29%). In fase post-intervento le prescrizioni risultavano 

appropriate secondo le linee guida in un’alta proporzione di soggetti, con 

andamento costantemente migliorativo nel corso del periodo di follow-up (I 

semestre anno 2022: 84%; II semestre anno 2022: 89%; I semestre anno 2023: 

93%). 

Limiti dello studio: 

L’inclusione nello studio di un gruppo di controllo ed un braccio di “non intervento” 

avrebbe potuto essere di supporto nella valutazione dell’impatto di eventuali fattori 

confondenti (ad es. cambiamento del patient mix, indisponibilità di alcuni principi 

attivi…). Tuttavia, tale evenienza non è stata prevista nel disegno dello studio in 

quanto tutti i settori di Area medica pediatrica di A.O.U.I. Verona sono stati 

contemporaneamente coinvolti nello studio e nessun altro reparto con 

caratteristiche comparabili era disponibile in loco come gruppo di controllo. 

Conclusioni: 

Nel presente studio l’intervento di AS è risultato associato ad un miglioramento 

nell’adeguatezza delle prescrizioni antibiotiche e ad una significativa riduzione del 

consumo totale di antibiotici, nonché al consolidamento di un’attitudine prescrittiva 

che privilegiasse, ogniqualvolta possibile, la scelta di antibiotici di classe “Access”. 

Gli strumenti elettronici specificamente disegnati a supporto del personale 

prescrittore hanno svolto un ruolo importante nel promuovere il rispetto delle linee 

guida e nel garantire la sostenibilità a lungo termine degli obiettivi conseguiti. 

Il monitoraggio periodico dei profili di resistenza dei microorganismi a livello 

locale è indispensabile in prospettiva di eventuali congrui adeguamenti delle linee 

guida di trattamento antimicrobico empirico. 

 

 



ABSTRACT 

 

Background: 

Antibiotic Stewardship (AS) interventions in paediatric settings are still poorly 

standardised in terms of methodology, assessment parameters and the clinical 

outcomes to be considered. Below are the results of the ENSURE (ENforcing 

SUrveillance of antimicrobial Resistance and Antibiotic UsE to Drive Stewardship) 

study, a quasi-experimental study aimed at improving the appropriateness of 

antimicrobial prescriptions in the paediatric setting by providing treatment 

guidelines specifically designed in accordance with locally-collected 

microbiological surveillance data. 

Materials and methods: 

The AS intervention was carried out in the Paediatric medical area of a tertiary 

referral hospital between March 2021 and June 2023. The key elements of the 

intervention were: 1) an initial intensive phase (March 2021 - May 2021) conducted 

by an infectious diseases specialist working full time in the unit in question, in order 

to observe and identify the training needs regarding antibiotic therapy; 2) 

processing of customised therapy guidelines drawn up in accordance with local 

microbiological susceptibility data, provided to prescribing personnel in January 

2022 and that were also available for consultation using a customised app 

(Firstline.org); 3) 18-month follow-up phase (February 2022 - June 2023) utilising 

the “audit and feedback” method. The primary endpoint assessed was consumption 

of systemic antibiotics (class ATC J01), as calculated using the parameters 

“Defined daily doses” (DDD), “Days of therapy” (DOT) and “Length of therapy” 

(LOT), normalised to 1000 patient-days (*1000 PD), for the 18 months following 

the intervention (period 2022-2023) compared with historical control data for a 12-

month period prior to the SARS-COV2 pandemic (2019), using a descriptive 

method and statistical analysis by means of “Interrupted Time Series Analysis” 

(ITSA). The secondary endpoints of the study were: 1) distribution of the 

consumption of antibiotics by WHO AWaRe class; 2) therapeutic appropriateness 

assessment (using the audit and feedback method); 3) length of stay (LOS); 4) in-



hospital mortality; and 5) prevalence of multi-drug resistant (MDR) micro-

organisms. 

Results: 

A consistent reduction in the consumption of antibiotics was recorded, in terms of 

both DDD *1000 PD, and DOT and LOT *1000 PD. Comparing the data by 

semesters in order to also take into consideration the expected seasonal fluctuations, 

the parameter total DDD normalised to *1000 PD decreased by 55% (140 vs 312) 

between semester I 2022 and semester I 2019, by 47% (203 vs 385) between 

semester II 2022 and semester II 2019 and by 22% (243 vs 312) between semester 

I 2023 and semester I 2019. Furthermore, the parameter total DOT normalised to 

*1000 PD decreased by 63% (DOT 270 vs 724) between semester I 2022 and 

semester I 2019, by 55% (DOT 370 vs 830) between semester II 2022 and semester 

II 2019 and by 50% (DOT 359 vs 724) between semester I 2023 and semester I 

2019. Mean LOT *1000 PD (LOT 232 vs 450) decreased by 48% between semester 

I 2022 and semester I 2019, by 32% (LOT 319 vs 472) between semester II 2022 

and semester II 2019 and by 30% (LOT 313 vs 450) between semester I 2023 and 

semester I 2019. The ITS analysis showed statistical significance (p<0.01) for the 

pre- versus post-intervention differences for all 3 consumption assessment 

parameters (DDD, DOT, LOT). 

There was a clear change in prescription habits with greater use of “Access” class 

antibiotics over “Watch” class antibiotics in the post-intervention period for the 

period 2022-2023. The “Access to Watch” ratio for mean DDD *1000 PD per 

observation semester was seen to increase progressively from semester I 2019 

(ratio: 0.6) to semester II 2022 (ratio: 1.8), with a decrease in semester I 2023 (ratio: 

0.8), nevertheless maintaining higher than pre-intervention values. 

LOS and in-hospital mortality remained constant in the pre- and post-intervention 

phase. 

The prevalence of MDR micro-organism infections remained constant and very low 

in the pre- and post-intervention phases (2019: 9%; 2022 and 2023: 7%). However, 

there was an increase in Escherichia coli micro-organisms isolated from urine 

cultures that were resistant to the therapy provided for in the guidelines (2019: 18%; 



2022: 34%; semester I 2023: 40%), with an absolute preponderance of amoxicillin-

clavulanic acid-resistant micro-organisms. 

During the post-intervention follow-up phase, 42 audits were carried out to assess 

713 patients, 214 of whom were receiving antibiotic therapy (mean proportion: 

semester I 2022 - 29%; semester II 2022 - 32%; semester I 2023 - 29%). In the post-

intervention phase, prescriptions were found to be appropriate according to the 

guidelines in a high proportion of subjects, with a consistently upward trend during 

the follow-up period (semester I 2022: 84%; semester II 2022: 89%; semester I 

2023: 93%). 

Limitations of the study: 

The inclusion in the study of a control group and a “non-intervention arm” could 

have provided support for the assessment of any confounders (e.g. patient mix 

changes, nonavailability of certain active substances, etc.). However, they were not 

foreseen in the study design because all areas of the Paediatric Medical Area of 

Verona University Hospital were simultaneously involved in the study, and no other 

departments with similar characteristics were available at the same location for use 

as a control group. 

Conclusions: 

In this study, the AS intervention appeared to be associated with an improvement 

in the appropriateness of antibiotic prescriptions and a significant reduction in total 

antibiotic consumption, as well as with the consolidation of a prescriptive attitude 

that favoured, whenever possible, the choice of antibiotics in the “Access” class. 

The electronic tools specifically designed to support prescribers played an 

important role in promoting compliance with the guidelines and ensuring the long-

term sustainability of objectives achieved. 

Regular monitoring of micro-organism resistance profiles at a local level is essential 

for appropriately adapting the guidelines for empirical antimicrobial treatment. 
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INTRODUCTION 

 

Antimicrobial resistance and the use of antibiotics 

 

Over time, as a result of the development of pathogens resistant to multiple 

antimicrobial agents, the treatment of many infections has become an increasingly 

complex challenge and antimicrobial resistance a public health problem of primary 

concern. 1 Compared to multi-susceptible micro-organism infections, infections 

associated with multi-resistant (MDR) microbial agents of the same species are in 

fact associated with longer hospitalisation times and an increased risk of patient 

mortality. 2 

In 2017, a group of experts in infectious diseases, clinical microbiology, antibiotic 

research and development, public health and infection control prepared for the 

World Health Organization (WHO) a “global priority pathogens list (WHO “Global 

PPL”) for antibiotic-resistant bacteria, classified by species and resistance type, on 

which research should be focused with a view to developing new, effective 

antibiotics therapies as quickly as possible. The most critical, in terms of resistance 

and difficulty of treatment, included several Gram-negative bacilli, which can 

present resistance to new medicinal products and carbapenems in particular (Figure 

1). 3,4 

In this epidemiological setting, it is important to focus attention on how 

antimicrobial agents are used in the paediatric population, an age group in which 

the loss of safe and well-known treatment options due to ineffectiveness is even 

more serious. 3 
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Figure 1. WHO priority pathogens list for the development of new antibiotics. 5  

 

Antimicrobial resistance and the use of antibiotics: the scenario in Italy 

 

In its most recent report, the European Antimicrobial Resistance Surveillance 

Network (EARS-Net) reported a worrying increase in MDROs in Europe, with a 

preponderant contribution to this process being made by countries like Italy. 6  

According to the most recent data (for the year 2021), 4 in Italy the prevalence of 

MDR (multi-drug-resistant) Enterobacterales is far higher than in other European 

countries: carbapenem-resistant Klebsiella pneumoniae isolates account for 26.7%, 

and 3rd generation cephalosporin-resistant Escherichia coli account for 23.8%. The 

situation is also critical for non-lactose-fermenting Gram-negative bacilli: 

Acinetobacter baumannii isolates in Italy express a combined resistance to a 

carbapenems, quinolones and aminoglycosides with a prevalence of 84.7% and the 
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proportion of carbapenem-resistant Pseudomonas isolates is 16.4%. For Gram-

positive bacteria, on the other hand, the percentage of vancomycin-resistant 

Enterococcus faecium isolates accounts for 23.6% and methicillin-resistant 

Staphylococcus aureus (MRSA) isolates for 30%. In Italy, Streptococcus 

pneumoniae penicillin-resistance is reported to be 5%, a value that is better than in 

other European countries, where it typically ranges from 1% to 40%. 

As far as the paediatric population is concerned, literature data show that in Italy 

exposure to antibiotics is common and occurs far earlier than in other European 

countries, often involving children under 2 years of age. Already in the early 2000s, 

the prevalence of antibiotic prescriptions in childhood was estimated to be 4 times 

higher in Italy than in the United Kingdom and 6 times higher than in the 

Netherlands. 7 In a study evaluating the use of antibiotics in subjects under 12 

months of age in five European countries, Italy had the highest prescription rate 

(1.3/patient/year).8 According to other data, non-hospitalised Italian children had 

already received at least one cycle of antibiotic therapy in the first 12 months of life 

in 55% of cases and this percentage rose to 84% by 2 years of age.9 

The prevalence of colonisation and infection by MDR microorganisms in the 

paediatric population varies over the course of different studies, however, they 

mostly concern cases of subjects hospitalised in paediatric or neonatal intensive 

care units or patients with onco-haematological diseases. 

An Italian study on a large population of infants hospitalised in the Neonatal 

intensive Care Unit reported an extended-spectrum beta-lactam-producing Gram-

negative bacteria (ESBL) colonisation rate of 11.7%. 10 A study conducted in the 

USA on a population of transplanted children hospitalised in the ICU who had 

developed sepsis during their stay, reported that MDR micro-organisms accounted 

for 73.8% of bacterial infections and that extended-spectrum beta-lactamase-

producing bacteria, vancomycin-resistant enterococci and highly-resistant 

Pseudomonas aeruginosa were the most common. 11 

Lastly, in a study conducted in Pakistan on children hospitalised for acute 

gastroenteritis, 40% of subjects had MDR Enterobacterales (Enterobacter 37.5%; 

ESBL - extended spectrum beta-lactamase-producing Escherichia coli 62.5%). 12 
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Antibiotics and the “AWaRe” classification 

 

In 2017, a panel of experts created for the WHO a new classification system for 

antimicrobial drugs, known as the “Access - Watch - Reserve” (AWaRE) 

classification, with a view to qualitatively and quantitatively monitoring the 

consumption of antibiotics in various countries, optimising their use and, 

ultimately, slowing the onset of antimicrobial resistance. 13  

“Access” class antibiotics (e.g. amoxicillin, cefazolin), which are active against a 

vast range of common pathogens with reduced resistance potential, should be the 

first choice for the initial treatment of community-acquired infections. “Watch” 

antimicrobials (e.g. macrolides, vancomycin), on the other hand, are antibiotics 

towards which infectious agents have greater resistance potential, and therefore 

constitute priority targets for monitoring and AS programmes. “Reserve” class 

antibiotics (e.g. polymyxin, tigecycline and daptomycin) are medicinal products 

available for the treatment of suspected or confirmed MDR micro-organism 

infections and therefore, in order to preserve their effectiveness, they must be 

considered “last resort” treatment options. 

The WHO guidelines and literature indicate as desirable an “Access” class 

antibiotic utilisation rate of at least 60% of all prescriptions, with “Access to Watch” 

ratio of >1. 14,15 

 

Antibiotic Stewardship Programmes 

 

AS programmes are coordinated interventions at various levels aimed at improving 

the appropriateness of antimicrobial use by providing support for choosing the 

optimum regimen in terms of active substance, route of administration, posology 

and length of treatment, in order to achieve the best clinical results, reduce the 

adverse events of treatment, contain the selective pressure underlying antibiotic 

resistance and reduce overall costs. 16 

Dedicated guidelines provide information that is useful for developing effective AS 

programmes, and suggest, for example, pre-authorising certain antimicrobials, 

prospective audits and feedback, and developing target hospital facility-specific 
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guidelines and algorithms for clinical practice, in order to standardise prescription 

practices in accordance with local epidemiology. 17–22 Other recommended 

strategies in the AS setting include the use of oral treatments both in the early 

treatment phase and as timely de-escalation from parenteral therapy, as well as 

guidelines for reducing antibiotic therapy to the shortest effective duration. 23–26 

In addition to implementing interventions, in each AS programme it is essential to 

monitor and record the results. In hospital settings, the consumption of the different 

antimicrobials is the most commonly used indicator for quantifying the effect of an 

AS programme. Consumption is estimated using internationally-shared and 

standardised parameters, such as, for example, the calculation of the “defined daily 

dose” normalised to 1000 patient-days (DDD*1000 patient-days: the mean daily 

maintenance dose of a given medicinal product when used in adults for its main 

indication, out of 1000 patients, per day) or “days of therapy” normalised to 1000 

patient days (DOT*1000 patient-days: number of days of exposure to a medicinal 

products regardless of the dose, out of 1000 patients, per day).  

Less commonly used, but equally effective, is the “length of therapy” (LOT), which 

is calculated as the sum of the days on which at least one antibiotic is administered 

per 1000 patients/day (LOT*1000 patient-days), regardless of the number of 

antibiotics administered.  

The WHO recommends using at least two parameters, as each one has its 

limitations. For example, the DDD parameter can be easily obtained from the 

Hospital Pharmacy Service database, but the literature includes few paediatric 

population studies using this parameter. The DOT parameter offers a more reliable 

measurement of consumption in special populations, but requires the collection of 

individual prescriptions. 

Other instruments useful for quantifying the effect of an AS programme are the 

post-intervention vs pre-intervention assessment of the appropriateness of antibiotic 

prescriptions, the monitoring of the prevalence of MDR micro-organisms in the 

setting of interest and adverse event surveillance (e.g. Clostridium difficile 

infections). 
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Antibiotic Stewardship in clinical paediatrics 

 

The evidence concerning the need to implement AS programmes addressing the 

paediatric population is solid, as is the evidence regarding the reduction in the use 

of antimicrobials in the paediatric hospital setting resulting from targeted AS 

programmes, without additional adverse events for patients. 27 To date, in the 

absence of paediatric-specific indicators in the AS programmes defined for the 

benefit of this population, there remains a strong recommendation to adapt 

antimicrobial therapy guidelines according to local epidemiology and identified 

resistance patterns, as well as to the appropriateness of assessing the effectiveness 

of the intervention using an “antibiotic consumption” indicator, in terms of DDD 

and DOT. 28–33 

 

The “Worldwide ARPEC point prevalence survey” study and “Point 

prevalence survey” findings at Verona University Hospital 

 

The “Antibiotic Resistance and Prescribing in European Children” (ARPEC) study 

aimed to describe, in various countries of the world, the antibiotic prescription 

practices for hospitalised paediatric subjects, and to determine the feasibility of 

adapting the prescription quality indicators already available for adults to the 

paediatric population. 1 More specifically, the study took into consideration all 

neonatal and paediatric subjects found to be receiving antimicrobial therapy on the 

day of the point prevalence survey (PPS), out of the total number of hospitalised 

subjects. The results submitted by 226 hospitals located in 41 countries in 6 

geographical areas (Europe, Africa, Asia, Australia, North America and Latin 

America) were analysed in 2012, making it possible to capture significant 

differences in the prescription habits between units of different clinical areas, but 

also between units belonging to the same clinical area in different areas of the 

world. 

The study showed that, at the time of the observation, 36.7% of the total number of 

paediatric subjects were being treated with antibiotic therapy, with the highest rates 

observed in Intensive Care Units (61.3%), specialist medicine units (46%), non-
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specialist medicine units (39.5%) and the surgery area (35.3%), albeit with great 

variations between the different geographical areas. Figure 2 summarises the 

antibiotics most commonly prescribed to children according to the ARPEC data, 

broken down by class and geographical area. 1 

In the Italian paediatric cohort, the most commonly used antibiotics were “3rd-

generation cephalosporins” and “penicillin+beta-lactamase inhibitors”, with 

specialist medicine units (46.7%) and the ICU (42.8%) being the sectors with the 

highest number of antimicrobial prescriptions. 34 

 

 

Figure 2. ARPEC study: antibiotics prescribed, classified by ATC4 level and geographical area. 
1
  

 

 

The use of antibiotics and hospital-acquired infections have been periodically 

monitored at Verona University Hospital since 2012, using a PPS approach. In 

2018, at Verona University Hospital, 47% of patients hospitalised in paediatric units 

(excluding Day Surgery, Day Hospital and Accident and Emergency) were found 

to be receiving treatment with antibiotics, a value that was higher than both the 

corresponding median global value reported by the ARPEC study (36.7%), and the 

rates of the Italian cohorts (38.9%). 
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Antibiotic Stewardship and antimicrobial resistance surveillance at Verona 

University Hospital: the “SAVe” and “ENSURE” projects 

 

Therefore, in March 2018 a formal AS project was launched at Verona University 

Hospital (the “Stewardship Antibiotica VErona” project - SAVE), which was 

flanked, from March 2021, by a project aiming to optimise antimicrobial resistance 

surveillance and the use of antibiotics with a view to devising an educational AS 

intervention based on audits and feedback in high-risk adult and paediatric units 

(the “ENforcing SUrveillance of antimicrobial Resistance and antibiotic usE to 

drive stewardship” project – ENSURE), as provided for by the most recent AS 

guidelines. 35 

The ENSURE project consisted in the first instance, of developing a structured 

report on antimicrobial resistance and the use of antibiotics in two tertiary referral 

hospitals in the Veneto Region (Verona University Hospital and Padua University 

Hospital). This report was then used by the local AS teams to draw up guidelines 

for the prescription of empirical antibiotic therapy in clinical contexts with high-

risk patients (Infectious Diseases, Paediatrics, Onco-haematology and Intensive 

Care Units) calibrating the guidelines to the specific needs of the different units and 

on the basis of local epidemiology. 
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MATERIALS AND METHODS 

 

 

Primary objective 

 

To implement an AS intervention aimed at increasing the appropriateness of 

antibiotic prescriptions and reducing the unnecessary use of systemic antimicrobials 

in inpatients in the Paediatric medical area of Verona University Hospital, using 

information from local data on antimicrobial resistance and the use of antibiotics. 

The Antibiotic Stewardship intervention and setting 

 

The AS intervention was conducted in Units belonging to the Paediatric medical 

area of Verona University Hospital starting from March 2021. 

Every day for the first three months of the programme, an Infectious Diseases 

specialist visited the units of interest in order to establish a constructive relationship 

with prescribing physicians and focus on the specific guideline needs of the Units 

in question. The infectious diseases specialist provided consultations for specific 

cases, re-assessed the ongoing antimicrobial prescriptions, actively involved 

prescribers in the responsible use of antibiotics and organised formal educational 

events and discussions with specialist doctors and residents working in the Units of 

interest. A hospital pharmacist, a microbiologist, a hospital epidemiologist and a 

nurse from the Hygiene Service for infection control were involved in the AS 

intervention. 

A specialist doctor was appointed in each unit to support the AS intervention in that 

specific unit, with the direct cooperation of the doctorate physicians and residents 

involved in the project. 

The multidisciplinary team then produced an official document containing 

evidence-based guidelines for the empirical treatment of the infectious diseases 

most commonly managed in paediatric units. These guidelines, which were 

developed based on an extensive review of the international literature and local 

antimicrobial susceptibility data, were completed in December 2021 and were 
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officially endorsed by the Quality department of Verona University hospital. In 

order to further promote guideline adoption and compliance, all the contents 

developed were made available as both a printed version and an application 

(Firstline.org) provided to all prescribing doctors in the Paediatric area using 

previously authenticated personal electronic devices. The mobile app was also used 

to provide prescribing doctors with updates on local antibiotic susceptibility data, 

in order to ensure that each prescriber had easy access to full antimicrobial 

resistance data. In the months following the distribution of the guidelines (February 

2022 - June 2023), prospective audits were carried out to rate compliance with the 

guidelines over time. The audits consisted in a systematic review, conducted weekly 

for the first 4 months, then twice a month, of each antibiotic prescription; the 

proportion of hospitalised subjects receiving antibiotic therapy and the adequacy of 

the prescription based on the guidelines and in vitro isolate antimicrobial 

susceptibility data were assessed during the audits. All prescribing doctors were 

provided with written feedback for the first 4 months of the project and at the end 

of the intervention. 

The impact of the AS intervention was measured by comparing the post-

intervention (2022-2023) data of interest with the corresponding pre-intervention 

data (2019, in order to minimise the impact of the changes in the patient case mix 

during the COVID-19 pandemic). The impact of the AS intervention was measured 

in terms of consumption of antibiotics, length of stay in hospital, in-hospital 

mortality, MDR micro-organism rates and the appropriateness of antibiotic 

prescriptions in accordance with the guidelines and the in vitro coverage of 

empirical treatment.  

This paper summarises the results of the AS intervention in terms of the endpoints 

set during the period January 2022 - June 2023 compared with the historical data 

for 2019, in accordance with the protocol of the ENSURE (ENforcing SUrveillance 

of antimicrobial REsistance and Antibiotic Use to Drive Stewardship) study. 
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Study timeline  

 

 

Figure 3. Study timeline. 

 

Study endpoints 

 

Primary endpoint 

 

Monthly antibiotic consumption described as DDD (DDD *1000 PD), DOT  

 (DOT *1000 PD), LOT (LOT *1000 PD) for all antibiotics (ATC J01) with pre- 

and post-intervention analysis. 

 

Secondary endpoints 

 

• Monthly length of stay (LOS, defined as the total number of days of 

hospitalisation of all patients hospitalised during a month / total number of 

patients admitted during that month).  

• Monthly in-hospital mortality (number of deaths in hospital during a month 

/total number of patients admitted during that month).  

• Trend for appropriate antibiotic treatment measured during the “follow-up” 

phase by means of audits and feedback. 

• Antimicrobial resistance surveillance. 
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Data collection 

 

The study was approved by the local Ethics Committee on 21/12/2020 (ref. no. 

69359). 

All data were collected in compliance with Italian data protection legislation. All 

study data were uploaded to a secure virtual server hosted by the University of 

Verona.  

 

Audit and feedback activities 

 

The audit and feedback activities were carried out as prospective cross-sectional 

activities with systematic assessment of all ongoing antibiotic prescriptions in the 

unit. The data were entered in real time by authorised study personnel into a 

protected web-based database (REDCap®).  

 

Antimicrobial resistance data 

 

The blood, urine and cerebrospinal fluid (CSF) cultures processed during the period 

of interest were collected from the software of the Verona University Hospital 

Microbiology Laboratory. Positive samples were deduplicated (only the first 

positive sample in a 14-day period was considered) and recorded in a dedicated 

REDCap® database following pseudo-anonymisation. The appropriateness of the 

empirical treatment was assessed in accordance with the guidelines and the in vitro 

isolate susceptibility data by reviewing the individual electronic medical records. 

 

Antimicrobial consumption data 

 

Total consumption of systemic antimicrobials (classes ATC J01, P01, A07, J04), 

administered both intravenously and orally, as overall pooled data and as subclasses 

(J01A, J01B, J01D, J01E, J01F, J01G, J01M, J01X) or individual agents was 

monitored both before and after the intervention. DDD and DOT were calculated 

for the relevant periods and the data on the use of antimicrobials were stratified 
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using the categories of the WHO’s AWaRe index to evaluate the change in usage 

and the reduction in the use of “Reserve” and “Watch” class antibiotics. 

The total prescription quantity was converted into DDD using the “2019 

ATC/DDD” index published by the WHO. Although the literature data concerning 

the use of DDD for the monitoring of antibiotic consumption in the paediatric 

population are limited, in this study it was decided to also evaluate this parameter, 

in order to implement the information regarding this specific population. 

DOT were calculated from the individual doses of antibiotic administered, 

information that was acquired using the electronic prescription software of the 

Hospital Pharmacy. 

 

Data analysis 

 

The results of the audit and feedback were reported descriptively.  

The chi-squared test and Fisher’s test were used to compare the qualitative variable 

“appropriateness of the empirical antibiotic therapy” in accordance with the 

guidelines and isolate microbial susceptibility data before and after the intervention; 

a p value of <0.05 was considered significant. 

Student’s t test was used to compare the pre- and post-intervention mean LOS 

(length-of-stay). Fisher’s test was used to compare in-hospital mortality rates and 

the prevalence of multi-drug resistant (MDR) bacteria. 

As regards the assessment of the data on antibiotic consumption, the consumption 

trend over time was analysed both descriptively by active substance, ATC group 

and AWaRe class, and using an “Interrupted time series” (ITS) model.  

The pre-set analysis unit for the ITS analysis was the total monthly consumption of 

antibiotics in terms of DDD, DOT and LOT *1000 PD per hospitalisation unit, for 

the purpose of a comparison between the pre- and post-AS intervention phases. The 

period “January 2019 - December 2019” (month “1-12”) was considered the pre-

intervention phase, the period “January 2022 - June 2023” (month “13-30”) as the 

post-intervention phase; the first month after the intervention was therefore 

identified as “month 13”. A p-value of <0.05 was considered significant for both 

parameters of relevance for the ITS analysis (change in level and change in slope).  
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RESULTS 

 

 

Report on audit and feedback activities in the Paediatric area 

 

The Firstline® app was downloaded by 191 doctors during the intervention phase 

and it was accessed by an average of 37 users a day (+/- 7.8). The most commonly 

consulted clinical guidelines were those regarding “Ear, nose and throat infections” 

(consulted 946 times in one year) and “Skin and soft tissue infections” (consulted 

914 times in one year). The amoxicillin-clavulanic acid monograph was that most 

commonly consulted (971 times/year), followed by ampicillin, ceftriaxone and 

vancomycin (between 200 and 500 times/year). Of the antibiotic susceptibility data, 

Staphylococcus aureus was the most commonly consulted micro-organism (174 

times/year), followed by Streptococcus pneumoniae (113 times/year) and 

Escherichia coli (98 times/year). 

The 42 audits were carried out in the Paediatric area of Verona University Hospital 

between 08/02/22 and 30/06/2023, of which 29 for 2022 and 13 for 2023, for a total 

of 713 patients assessed during their stay. 

The ongoing antibiotic prescriptions at the time of the audits in 214 patients (142 

audited in 2022, 72 in 2023) are shown below. By evaluating the per-observation 

month (Table I) and pooled observation semester (Table II) data, the mean 

proportion of patients taking antibiotics was seen to be 29% and 32%, respectively, 

during 2022 and was 29% in semester I 2023. 

Figure 4 shows the monthly time trend of the proportion of subjects receiving 

antibiotic therapy.  
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Table I. Prevalence of subjects receiving antibiotic therapy by observation month. 

 

Observation 

Month 

Inpatients 

No. 
 

Patients receiving antibiotic 

therapy No. 
 

Patients receiving antibiotic 

therapy 

Prevalence (%) 

Feb-22 43 14 33 

Mar-22 61 15 25 

Apr-22 61 15 25 

May-22 49 12 24 

Jun-22 55 21 38 

Jul-22 52 21 40 

Aug-22 21 3 14 

Sep-22 33 14 42 

Oct-22 31 11 35 

Nov-22 35 10 29 

Dec-22 21 6 29 

Jan-23 47 14 30 

Feb-23 42 15 36 

Mar-23 37 8 22 

Apr-23 58 14 24 

May-23 32 11 34 

Jun-23 35 10 29 

TOTAL 713 214 30 

 

 

 

 

 

Table II. Prevalence of subjects receiving antibiotic therapy per observation semester. 

 

Patients receiving antibiotic 

therapy 

Prevalence (%) 

2022  

Semester I 

2022  

Semester II 

2023  

Semester I 

Prevalence (%) - mean 29 32 29 

Prevalence (%) - median 25 32 29 

Prevalence (%) - minimum 24 14 22 

Prevalence (%) - maximum 38 42 36 
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Figure 4. Monthly time trend of the proportion of subjects receiving antibiotic therapy. 

 

The antibiotic prescriptions were issued for subjects hospitalised for infectious 

diseases who were therefore receiving empirical or targeted antimicrobial therapy, 

or patients receiving antimicrobial prophylaxis for surgical or haematological 

reasons. As shown in Figure 5, the reason underlying the introduction of 

antimicrobial therapy was specified in the relevant medical record in 128/139 cases 

(92%) in 2022, and in 64/71 cases (90%) in 2023. 

 

 

 

 

Figure 5. Time trend of the motivation for antibiotic therapy given in the clinical diary. 
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As regards antibiotic prescriptions for therapy reasons (empirical or targeted), the 

infection sites recorded are summarised in Figure 6.  

 

 

 

Figure 6. Infection site recorded for subjects receiving antibiotic therapy. 

 

 

Figure 7 shows the indications for the antibiotic therapy recorded at the time of the 

audit and the appropriateness of the prescription in accordance with the guidelines 

and the in vitro coverage, when indicated, broken down by observation semester. It 

can be seen that in semester I 2022 62/74 prescriptions (84%) were found to be 

appropriate, in semester II 2022 58/65 prescriptions (89%) were found to be 

appropriate and in semester I 2023 66/71 prescriptions (93%) were found to be 

appropriate. 

Inappropriate prescriptions were found to be more common in empirical therapy 

settings in all post-intervention observation semesters. Nevertheless, a progressive 

decrease in inappropriate prescriptions was observed for all prescription types 

(targeted therapy, empirical therapy, antibiotic prophylaxis), in the observation 

12

27

35

3
23

5

13

20

27

8 1

Infection site (% of total) 

in patients receiving empirical or targeted 

antibiotic therapy

Central nervous system

Ear, nose, throat (ENT)/maxillofacial segment

Respiratory tract

Cardiovascular system

Primary sepsis

 Central venous catheters (CVC) -related sepsis

Gastrointestinal tract

Genitourinary tract

Skin / soft tissues

Bone

Unknown



28 
 

semesters (semester I 2022: inappropriate empirical therapy 12%, inappropriate 

targeted therapy 0%, inappropriate prophylaxis 4%; semester II 2022: inappropriate 

empirical therapy 5%, inappropriate targeted therapy 3%, inappropriate prophylaxis 

3%; semester I 2023: inappropriate empirical therapy 5%, inappropriate targeted 

therapy 1%, inappropriate prophylaxis 1%). 

 

 

 

Figure 7. Indication for antibiotic prescriptions recorded at the time of the audit and prescriptive 

appropriateness in accordance with the guidelines and in vitro coverage. Data expressed as a 

proportion of appropriate prescriptions out of total prescriptions for each type of indication. 

 

 

As shown in Figures 8, 9 and 10, antibiotic prescriptions were found to be 

inappropriate in terms of incorrect or undeclared indication, choice of active 

substance or combination, spectrum of activity of the agents, posology, duration of 

therapy/prophylaxis, incorrect de-escalation method and route of administration. It 

can be seen that, for empirical therapy prescriptions, common reasons for 

prescriptive inappropriateness were incorrect indication, wrong choice of active 

substance, incorrect combination of antimicrobials and incorrect length of 

treatment. Targeted therapies were inappropriate in terms of lack of in vitro 

coverage, route of administration or de-escalation method. Prophylaxis was mainly 

inappropriate in terms of the length of therapy (often longer than provided for in 

the guidelines) or the choice of active substance. 
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Figure 8. Reason for inappropriateness for the different types of prescription in semester I of 2022. 

Data expressed as the proportion attributable to each prescriptive error, classified by type of 

treatment. 

 

 

 

 

Figure 9. Reason for inappropriateness for the different types of prescription in semester II of 2022. 

Data expressed as the proportion attributable to each prescriptive error, classified by type of 

treatment. 

 

0

10

20

30

40

50

60

70

80

90

100

Empirical Targeted Prophylaxis

R
ea

so
n
 f

o
r 

in
ap

p
ro

p
ri

at
en

es
s 

(%
 o

f 
to

ta
l)

Type of antibiotic therapy

Reason for prescriptive inappropriateness

- sem. I 2022

Spectrum of activity

De-escalation

Length of therapy

Route of administration

Posology

Combination

Active substance

Indication

0

10

20

30

40

50

60

70

80

90

100

Empirical Targeted Prophylaxis

R
ea

so
n
 f

o
r 

in
ap

p
ro

p
ri

at
en

es
s 

(%
 o

f 
to

ta
l)

Type of antibiotic therapy

Reason for prescriptive inappropriateness

- sem. II 2022

Spectrum of activity

De-escalation

Length of therapy

Route of administration

Posology

Combination

Active substance

Indication



30 
 

 

Figure 10. Reason for inappropriateness for the different types of prescription in semester I of 2023. 

Data expressed as the proportion attributable to each prescriptive error, classified by type of 

treatment. 

 

 

Time trend for prescriptive inappropriateness recorded during audit activities 

in 2022 and 2023 

 

The changes in the proportion of inappropriate antibiotics prescriptions during the 

follow-up period are shown below. 

 

The proportion of inappropriate prescriptions, which was equal to 40% of ongoing 

antibiotic prescriptions at the start of the observation phase (February 2022), tends 

to decrease progressively in the following months, with another transient increase 

in inappropriate prescriptions in June 2022 (39%) and a settling down to 10% of 

total prescriptions at the end of the observation period (June 2023) (Figure 11). 
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Figure 11. Proportion of inappropriate antibiotic prescriptions in the post-intervention follow-up 

phase. Data expressed as the proportion of inappropriate prescriptions recorded in the month in 

question out of the total prescriptions recorded in the same interval. 

 

 

Type of antibiotics used recorded during audit activities in 2022 and 2023 

 

The ongoing antibiotic prescriptions recorded during the audits are summarised in 

Table III and Figure 12. Amoxicillin-clavulanic acid, ceftriaxone, ampicillin, 

gentamycin, cefazolin and clindamycin, were found to be the most commonly used 

antibiotics.  

The distribution of the same antibiotics by AWaRe class is shown below (Figure 

13). The figure shows that in each post-AS intervention observation semester the 

antibiotics prescriptions for “Access” class active substances are consistently above 

60%. 
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Table III. Antibiotics prescriptions by active substance and observation semester. Data expressed 

as overall number of prescriptions and corresponding percentage share, in the post-intervention 

follow-up period, for each active substance. 

 

 

  

2022 

sem. I 

2022 

sem. II 

2023 

sem. I 

Total 

AWaRe 

class 
Active substance No. % No. % No. % No. % 

Access Amoxicillin-clavulanic ac. 24 27 24 26 19 23 67 25 

Watch Ceftriaxone 9 10 25 27 7 8 41 15 

Access Ampicillin 8 9 5 5 12 14 25 9 

Access Gentamycin 6 7 5 5 8 10 19 7 

Access Cefazolin 10 11 4 4 4 5 18 7 

Access Clindamycin 2 2 11 12 4 5 17 6 

Access Metronidazole 2 2 6 6 6 7 14 5 

Watch Vancomycin 3 3 5 5 5 6 13 5 

Watch Cefotaxime 3 3 3 3 5 6 11 4 

Watch Piperacillin-Tazo. 4 4 2 2 4 5 10 4 

Access Amoxicillin 2 2 3 3 3 4 8 3 

Watch Ceftazidime 4 4 0 0 3 4 7 3 

Watch Clarithromycin 5 6 0 0 1 1 6 2 

Access Oxacillin 2 2 1 1 1 1 4 1 

Watch Azithromycin 3 3 0 0 0 0 3 1 

Access Amikacin 1 1 0 0 0 0 1 0 

Access Co-trimoxazole 1 1 0 0 0 0 1 0 

Watch Ciprofloxacin 0 0 0 0 1 1 1 0 

Watch Levofloxacin 1 1 0 0 0 0 1 0 

Watch Meropenem 0 0 0 0 1 1 1 0 

 Total 90 100 94 100 84 100 268 100 
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Figure 12. Ongoing antibiotic prescriptions during audits. Data expressed as total number of 

prescriptions classified by active substance and observation semester. 

 

 

 

Figure 13. Distribution of antibiotics classified by AWaRe class and observation semester. Data 

expressed as percentage share of total prescriptions. 
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Analysis of the microbiological isolates and antimicrobial resistance 

characteristics: data recorded in 2019 (pre-AS intervention) and 2022 and 

2023 (post-AS intervention) 

 

A total of 1582 microbiology tests were conducted in the Paediatric area in 2019, 

of which 1089 blood cultures or central venous catheter (CVC) tip cultures, 379 

urine cultures and 114 CSF cultures. Once the duplicates and tests that gave a 

polymicrobial growth result (probably due to contamination) had been excluded, a 

total of 91 positive microbiology tests were considered for the analysis of this study, 

i.e. 29 blood cultures/CVC tip cultures and 62 urine cultures. The respective 

microbiological isolates are shown in Figures 14 and 15. 

 

 

 

 

Figure 14. Microbiological isolates from blood cultures/CVC tip cultures in 2019.  
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Figure 15. Microbiological isolates from urine cultures - 2019. 

 

 

 

A total of 2260 microbiology tests were conducted in the Paediatric area in 2022, 

of which 1417 blood cultures or CVC tip cultures, 738 urine cultures and 105 CSF 

cultures. Once the duplicates and tests that gave a polymicrobial growth result had 

been excluded, a total of 156 positive microbiology tests were considered for the 

analysis of this study, i.e. 28 blood cultures/CVC tip cultures, 127 urine cultures 

and one CSF culture. The isolate of the CSF culture analysed was Escherichia coli. 

The 46% of the positive blood culture samples (13/28), i.e. 1% of all the blood 

cultures carried out (13/1417), resulted in the isolation of coagulase-negative 

Staphylococcus (CoNS), and 76% of the urine cultures (97/127) resulted in the 

isolation of Escherichia coli. The respective microbiological isolates are shown in 

Figures 16 and 17. 
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Figure 16. Microbiological isolates from blood cultures/CVC tip cultures in 2022.  

 

 

 

 

Figure 17. Microbiological isolates from urine cultures - 2022.  

 

 

 

 

0 5 10 15

Coagulase-negative Staphylococci

Staphylococcus aureus

Bacillus cereus

Candida

Corynebaterium

Escherichia coli

Enterobacter cloacae

Fusobacterium necroforum

Lactobacillus casei

Micrococcus luteus

Paenibacillus spp

Streptococcus pneumoniae

No. of isolates

Microbiological isolates in blood cultures - 2022

0 20 40 60 80 100

Escherichia coli

Klebsiella pneumoniae

Proteus mirabilis

Pseudomonas aeruginosa

Staphylococcus aureus

Citrobacter freundi

Citrobacter koseri

Citrobacter youngae

Coagulase-negative Staphylococci

Enterococcus faecalis/faecium

Enterobacter cloacae

Klebsiella oxytoca

Morganella

Serratia ficaria

Streptococcus agalactiae

No. of isolates

Microbiological isolates in urine cultures - 2022



37 
 

A total of 926 microbiology tests were conducted in the first semester of 2023, of 

which 564 blood cultures or CVC tip cultures, 314 urine cultures and 48 CSF 

cultures. Once the duplicates and tests that gave a polymicrobial growth result had 

been excluded, a total of 73 positive microbiology tests were considered for the 

analysis, i.e. 12 blood cultures/CVC tip cultures and 61 urine cultures. 33% of the 

positive blood culture samples (4/12), i.e. 0.7% of all the blood cultures carried out 

(4/564), resulted in the isolation of coagulase-negative Staphylococcus (CoNS), and 

77% of the urine cultures (47/61) resulted in the isolation of Escherichia coli. The 

respective microbiological isolates are shown in Figures 18 and 19. 

 

 

 

 

Figure 18. Microbiological isolates from blood cultures/CVC tip cultures in 2023. 
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Figure 19. Microbiological isolates from urine cultures - 2023.  
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2022, 11/156 (7%) of the positive isolates were MDR micro-organisms.  

In 2023, 5/73 (7%) of the positive isolates were MDR micro-organisms. Table IV 

summarises the MDR micro-organisms identified and their resistance 

characteristics. None of the Gram-negative bacilli isolates were carbapenem-

resistant. 

Analysing, in particular, the prevalence of ESBL Escherichia coli (Table V), 

comparable values can be seen for the pre- and post-AS intervention periods (11% 
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Table IV. MDR micro-organisms identified during the observation period and their resistance 

characteristics. 

 

  
2019  

Sem. I 

2019 

Sem. II 

2022  

Sem. I 

2022  

Sem. II 

2023  

Sem. I 

Microbial agent isolated Resistance type No. No. No. No. No. 

Escherichia coli ESBL 1 4 5 4 4 

Enterobacter cloacae ESBL 1 0 0 0 0 

Klebsiella pneumoniae ESBL 0 1 1 0 0 

Klebsiella oxytoca ESBL 0 0 0 0 1 

Proteus mirabilis ESBL 0 1 0 0 0 

Staphylococcus aureus MRSA 0 0 0 1 0 

 Total 3 6 6 5 5 

 

 

Table V. ESBL Escherichia coli micro-organisms identified, classified by culture type. 

 

Culture 

Tests 

carried 

out, No. 

 

 

Sem. I+II 

Positive 

tests,  

No. (%) 

 

 

Sem. 

 I+II 

Positive 

tests, No. 

 

 

 

Sem. I 

Positive 

tests, No. 

 

 

 

 Sem. II 

E. coli, No. 

(% of 

positive 

tests)  

 

 

 

Sem. I 

E. coli, No. 

(% of 

positive 

tests)  

 

 

 

Sem. II 

ESBL E. 

coli, No. 

(% of E. 

coli)  

 

 

Sem. I 

ESBL E. 

coli  

No. (% of 

E. coli)  

 

 

Sem. II 

ESBL E. 

coli, No. 

(% of E. 

coli)  

 

Sem.  

I+II 

January - December 2019 

Blood cultures 1089 29 (3%) 10 19 2 (20%) 3 (16%) 1 (50%) - 1 (20%) 

Urine cultures 379 62 (16%) 27 35 19 (70%) 23 (66%) - 4 (21%) 4 (10%) 

CSF 114 - - - - - - - - 

Total 1582 91 (6%) 37 54 21 (57%) 26 (48%) 1 (5%) 4 (15%) 5 (11%) 

January - December 2022 

Blood cultures 1417 28 (2%) 14 14 - 1 (7%) - - - 

Urine cultures 738 127 (17%) 81 46 64 (79%) 33 (72%) 5 (8%) 4 (12%) 9 (9%) 

CSF 105 1 (1%) 1 - 1 (100%) - - - - 

Total 2260 156 (7%) 96 60 65 (68%) 34 (57%) 5 (8%) 4 (12%) 9 (9%) 

January - June 2023 

Blood cultures 564 12 (2%) 12 
Not 

available 
- 

Not 

available 
- 

Not 

available 

Not 

available 

Urine cultures 314 61 (19%) 61 
Not 

available 
47 (77%) 

Not 

available 
4 (9%) 

Not 

available 

Not 

available 

CSF 48 - - 
Not 

available 
- 

Not 

available 
- 

Not 

available 

Not 

available 

Total 926 73 (8%) 73 
Not 

available 
47 (64%) 

Not 

available 
4 (9%) 

Not 

available 

Not 

available 

Key: E.coli - Escherichia coli. 
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Analysis of the appropriateness of empirical antibiotic therapy in accordance 

with the guidelines: data for 2019 (pre-AS intervention) and 2022-2023 (post-

AS intervention) 

 

In 2019, 78 of the 91 subjects (86%) who underwent microbiology tests assessed as 

part of the study received antibiotic therapy and for 68 of them therapy was 

established empirically in anticipation of an expected positive result. In 50/68 

(74%) subjects, the empirical therapy was found to be qualitatively appropriate 

according to the guidelines. Of the 18 out of 68 subjects (26%) with inappropriate 

empirical therapy according to the guidelines, only qualitative therapy errors 

(indication for therapy, choice of active substance, posology, incorrect active 

substance combination) were present in 14 cases and qualitative errors associated 

with quantitative errors (length of treatment) in 4 subjects. 

 

In 2022, 138 of the 156 subjects (88%) who underwent microbiology tests received 

antibiotic therapy and for 122 of them therapy was established empirically in 

anticipation of an expected positive result. In 113/122 (93%) subjects, the empirical 

therapy was qualitatively appropriate according to the guidelines. In the 9 cases out 

of 122 subjects (7%) with inappropriate empirical therapy according to the 

guidelines, all errors were qualitative.  

 

In semester I 2023, 71 of the 73 subjects (97%) who underwent microbiology tests 

received antibiotic therapy and for 68 of them therapy was established empirically 

in anticipation of an expected positive result. In 61/68 (90%) subjects, the empirical 

therapy was qualitatively appropriate according to the guidelines. In the 7 cases out 

of 68 subjects (10%) with inappropriate empirical therapy according to the 

guidelines, only qualitative errors were present in 5 subjects and qualitative errors 

in combination with quantitative errors were present in 2 subjects.  

 

Table VI and Figures 20 and 21 show the proportion of inappropriate prescriptions 

according to the guidelines and the reason for prescriptive inappropriateness.  
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Table VI. Appropriateness of antibiotic prescriptions according to the guidelines classified by 

observation semester. 

 

 
2019  

Sem. I 

2019  

Sem. II 

2022  

Sem. I 

2022 

Sem. II 

2023  

Sem. I 

Empirical therapy administered for relevant isolates 

and appropriate according to the guidelines - No. 
22 28 73 40 61 

Empirical therapy administered for relevant isolates 

and inappropriate according to the guidelines - No. 
7 11 5 4 7 

Therapy not administered 

 or administered for irrelevant isolates - No. 
8 15 18 16 5 

Total therapies assessed  

according to guidelines - No. 
29 39 78 44 68 

Inappropriate therapies (No.)/ Total therapies (No.)  

- % 
24 28 6 9 10 

Appropriate therapies (No.)/ Total therapies (No.) 

 - % 
76 72 94 91 90 

 

 

 

 

Figure 20. Reason for prescriptive inappropriateness according to the guidelines (qualitative 

aspects) classified by observation semester. 
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Figure 21. Reason for prescriptive inappropriateness according to the guidelines (qualitative and 

quantitative aspects) classified by observation semester. 

 

 

By assessing the proportion of subjects receiving appropriate empirical therapy 

according to the guidelines in semester I 2019 (pre-intervention) and in semester I 

2022 (post-intervention), an 18% decrease can be observed in the proportion of 

inappropriate empirical therapies in semester I of 2022 (5/78 - 6%) compared to the 

corresponding semester of 2019 (7/29 - 24%). This difference is statistically 

significant (p-value=0.009792, significance set at p<0.05).  

Considering semester II 2019 and 2022, a 19% decrease can be observed in the 

proportion of inappropriate empirical therapies in semester II of 2022 (4/44 - 9%) 

compared to the corresponding semester of 2019 (11/39 - 28%). This difference is 

statistically significant (p-value=0.023903, significance set at p<0.05).  

There is therefore a statistical correlation between the decrease in the proportion of 

inappropriate empirical therapy prescriptions and the AS intervention. 

Considering semester I 2022 and 2023, a slight 4% increase can be observed in the 

proportion of inappropriate empirical therapies in semester I of 2022 (5/78 - 6%) 

compared to the corresponding semester of 2023 (7/68 - 10%). This difference was 

not, however, statistically significant.  

Lastly, considering semester I 2019 and 2023, a 14% decrease can be observed in 

the proportion of inappropriate empirical therapies in semester I of 2023 (7/68 - 

10%) compared to the corresponding semester of 2019 (7/29 - 24%). This 

difference was not, however, statistically significant.  
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Analysis of the appropriateness of empirical antibiotic therapy according to 

the microbiological isolate: data for 2019 (pre-AS intervention) and 2022-2023 

(post-AS intervention) 

 

Moving on to focus on the in vitro coverage analysis of empirical antibiotic therapy 

deemed to be qualitatively appropriate according to the guidelines, in 2019 12/50 

subjects (24%) received empirical therapy that was appropriate according to the 

guidelines but inadequate for an effective treatment of the isolated microorganism, 

in terms of micro-organism resistance (6 subjects), inadequate spectrum due to an 

unexpected microbiological phenotype (5 subjects), or excessively broad spectrum 

(1 subject). In 2022, this was the case in 34/113 subjects (30%), in terms of micro-

organism resistance (29 subjects), or inadequate spectrum due to an unexpected 

microbiological phenotype (5 subjects). In the first semester of 2023, in 22/61 

subjects (36%) empirical therapy that was appropriate according to the guidelines 

was inadequate in terms of in vitro coverage, in terms of micro-organism resistance 

(18 subjects), inadequate spectrum due to an unexpected microbiological phenotype 

(3 subjects) or an excessively broad spectrum (1 subject). Table VII shows the 

detailed data classified by observation semester and culture type. The table shows 

that, for blood culture isolates, inappropriateness in terms of in vitro coverage, 

despite the prescription being appropriate according to the guidelines, was observed 

in 3/17 subjects (18%) in 2019, in 4/13 subjects (31%) in 2022 and in 1/6 subjects 

(17%) in the first semester of 2023. Considering, instead, urine culture isolates, 

inappropriateness in terms of in vitro coverage, was observed in 9/33 subjects 

(27%) in 2019, in 30/99 subjects (30%) in 2022 and in 21/55 subjects (38%) in the 

first semester of 2023. 

Thus in 2022 and 2023 compared with 2019, there was a slight overall increase in 

the number of empirical therapies that were appropriate according to the guidelines 

but inappropriate in terms of the characteristics of the isolate (30% and 36%, 

respectively, versus 24%), with a preponderant share attributable to urine culture 

isolates (30% and 38%, respectively, versus 27%) and to a lesser extent to blood 

culture isolates (31% and 17%, respectively, versus 17%). However, these 

differences do not reach statistical significance (2022 vs 2019: 34/113 - 30% vs 
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12/50 - 24%, p-value >0.05; 2023 versus 2019: 22/61 - 36% vs 12/50 - 24%, p-

value >0.05). 

 

 

 

Table VII. Appropriateness of antibiotic prescriptions according to the guidelines and in vitro 

coverage, classified by culture type and observation semester. 

 
 

2019 

Sem. I 

2019 

Sem. II 

2022 

Sem. I 

2022 

Sem. II 

2023 

Sem. I 

Culture type B U T B U T B U CSF T B U T B U T 

Appr. acc. to 

GL but not in 

vitro - No. 

2 2 4 1 7 8 3 22 - 25 1 8 9 1 21 22 

Appr. acc. to 

GL and in vitro 

- No. 

5 13 18 9 11 20 5 42 1 48 4 27 31 5 34 39 

Total “Appr. 

acc. to GL” - 

No. 

7 15 22 10 18 28 8 64 1 73 5 35 40 6 55 61 

Total “Not 

appr. acc. in 

vitro” (No.) / 

Total “Appr. 

acc. to GL” 

(No.)  

 - % 

29 13 18 10 39 29 38 34 - 34 20 23 23 17 38 36 

Key: B - blood culture; U - urine culture; CSF - CSF culture; T - total; GL - guidelines; Appr. – appropriate; 

acc. – according; Note: In semesters I and II 2019, semester II 2022 and semester I 2023, no CSF culture 

isolates were recorded. 

 

 

 

A detailed analysis of the data for inappropriateness according to in vitro coverage 

(Table VIII) shows that, in 2019, the 12 micro-organisms isolated with inadequate 

in vitro coverage consisted in resistant micro-organisms in 6 cases (ESBL 

Escherichia coli - 3 cases; amoxicillin-clavulanic acid-resistant Escherichia coli - 

2 cases; ESBL Proteus mirabilis - 1 case), unexpected microbiological phenotypes 

in 5 cases (Acinetobacter iwoffi, Citrobacter koseri, Klebsiella oxytoca, 
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Pseudomonas aeruginosa, Staphylococcus capitis), and in one case in isolates for 

which an excessively broad spectrum antibiotic was chosen (multi-susceptible 

Escherichia coli). In 2022, 34 isolates were found to be non-susceptible to the 

empirical therapy, 29 of which were resistant micro-organisms (ESBL Escherichia 

coli - 5 cases; amoxicillin-clavulanic acid-resistant Escherichia coli - 23 cases; 

amoxicillin-clavulanic acid-resistant Proteus mirabilis - 1 case) and 5 were due to 

unexpected microbiological phenotypes (Citrobacter youngae, Fusobacterium 

necroforum, Lactobacillus casei, Candida, Staphylococcus aureus). In the first 

semester of 2023, empirical therapy was inappropriate in terms of in vitro coverage 

for 22 isolates, in 18 cases due to resistance (ESBL Escherichia coli - 3 cases; 

amoxicillin-clavulanic acid-resistant Escherichia coli - 14 cases; ESBL Klebsiella 

oxytoca - 1 case), in 3 cases due to unexpected microbiological phenotypes 

(Serratia marcescens, Staphylococcus simulans, Pseudomonas aeruginosa), and in 

one case due to an isolate for which an excessively broad spectrum was chosen 

(Klebsiella pneumoniae). 

If the cases of a lack of susceptibility due to an unexpected phenotype or an 

excessively broad spectrum are removed from these analyses, and only the cases of 

a lack of susceptibility due to a resistant micro-organism are considered, the results 

can be observed (Table IX): 

- as regards the blood culture isolates, in 2022 and 2023 no prescription was found 

to be inappropriate due to a resistant micro-organism, whereas in 2019 there was 

one inappropriate prescription due to a resistant micro-organism out of a total of 17 

prescriptions that were appropriate according to the guidelines (6%); 

- as regards the urine culture isolates, the proportion of treatments that were 

appropriate according to the guidelines but not in terms of in vitro coverage due to 

micro-organism resistance increased from 15% (5/33 cases) in 2019 to 29% (29/99 

cases) in 2022, and to 33% (18/55 cases) in the first semester of 2023. 

- no CSF culture isolate was found to be resistant to appropriate empirical therapy. 
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Table VIII. Prescriptions appropriate according to the guidelines but not in terms of in vitro 

coverage, classified by reason for inappropriateness and observation semester. 

 

 
2019 

Sem. I 

2019 

Sem. II 

2022 

Sem. I 

2022 

Sem. II 

2023 

Sem. I 

Total “Appr. acc. to 

GL”  - No. 
22 28 73 40 61 

Total appr. acc. to GL  

but not in vitro - No. 
4 8 25 9 22 

Not appr. in vitro  

due to micro-org. 

resistance - No.  

1 5 
 

21 8 
 

18 
 

Not appr. in vitro  

due to unexpected 

micro-org. - No. 

3 2 4 1 3 

Not appr. in vitro  

due to excessively 

broad spectrum - No. 

- 1 - - 1 

Key: GL - guidelines; Appr. – appropriate; Micro-org. – micro-organism; Acc. – according. 

 

 

 

Table IX. Prescriptions that were appropriate according to the guidelines but inappropriate due to a 

resistant micro-organism, classified by culture type and observation semester. 

 

 
2019 

Sem. I 

2019 

Sem. II 

2022 

Sem. I 

2022 

Sem. II 

2023 

Sem. I 

Culture type B U CSF B U CSF B U CSF B U CSF B U CSF 

Total 

 “Appr. acc. to 

GL”  - No. 

7 15 - 10 18 - 8 64 1 5 35 - 6 55 - 

Appr. acc. to GL  

but not in vitro  

- No. 

1 2 - 1 7 - 3 22 - 1 8 - 1 21 - 

Not appr. in vitro  

due to resist. 

micro.  

- No. 

1 - - - 5 - - 21 - - 8 - - 18 - 

Key: B - blood culture; U - urine culture; CSF - CSF culture; GL - guidelines; Appr. – appropriate; Acc. – 

according. 
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In all observation semesters, Escherichia coli isolates constituted the vast majority 

of isolates and, despite the higher number of microbiological tests carried out in 

2022, the proportion of positive cultures remained essentially constant (Table V). 

Considering only the patients for whom empirical therapy was instituted in 

anticipation of the expected isolate, the Escherichia coli micro-organisms identified 

were found to be non-susceptible due to resistance to empirical therapy that was 

appropriate according to the guidelines in 5/28 cases (18%) in 2019, in 28/82 cases 

(34%) in 2022 and in 17/42 cases (40%) in the first semester of 2023. In 2019, 

resistance was recorded as being of the ESBL type in 3/5 cases (60%) and resistance 

to amoxicillin-clavulanic acid in 2 subjects (40%); in 2022, it was of the ESBL type 

in 5/28 cases (18%) and amoxicillin-clavulanic acid resistance in the remaining 23 

cases (82%); and in 2023, it was of the ESBL type in 3/17 cases (18%) and 

amoxicillin-clavulanic acid resistance in the remaining 14 cases (82%). 

 

 

Table X. Focus on Escherichia coli: prescriptions that were appropriate according to the guidelines 

but inappropriate due to a resistant micro-organism, classified by culture type and observation 

semester. 

 

 
2019 

Sem. I 

2019 

Sem. II 

2022 

Sem. I 

2022 

Sem. II 

2023 

Sem. I 

Type of culture 

containing E. coli 
B U CSF B U CSF B U CSF B U CSF B U CSF 

Total 

 “Appr. acc. to 

GL”  - No. 

2 12 - 3 11 - - 53 1 1 27 - - 42 - 

Appr. acc. to GL  

but not in vitro  

- No. 

1 - - - 4 - - 20 - - 8 - - 17 - 

Not appr. in vitro  

due to resist. 

micro.  

- No. 

1 - - - 4 - - 20 - - 8 - - 17 - 

Key: B - blood culture; U - urine culture; CSF - CSF culture; GL - guidelines; Appr. - appropriate; E. coli - 

Escherichia coli; Acc – according; Resist. – resistant; Micro – micro-organism. 
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Quantitative analysis of antibiotic consumption: data for 2019 (pre-AS 

intervention) and 2022-2023 (post-AS intervention) 

 

Within the scope of the study, the consumption of antibiotics in the pre- and post-

AS intervention phases was analysed from a quantitative and a qualitative 

perspective in different observation semesters, also with a view to comparing the 

consumption data while taking into account the expected seasonal fluctuations. 

Tables XI and XIII show the parameters DDD and DOT, normalised to 1000 PD, 

and classified by active substance, ATC class and observation semester. 

 

As shown in Table XI, by comparing the by-semester data, the parameter total DDD 

normalised to *1000 PD decreased by 55% (140 vs 312) between semester I 2022 

and semester I 2019, by 47% (203 vs 385) between semester II 2022 and semester 

II 2019 and by 22% (243 vs 312) between semester I 2023 and semester I 2019. On 

the other hand, by comparing semester I 2023 with semester I 2022, there is a 74% 

increase in the consumption of antibiotics in terms of total DDD *1000 PD (243 vs 

140). 

 

By analysing the semester trend for consumption in terms of DDD *1000 PD 

classified by active substance and ATC class (Table XI), between semester I 2022 

and semester I 2019 there is a percentage decrease in DDD of between 13% and 

100% for all classes, except for beta-lactam/beta-lactamase inhibitor combinations 

(+28%). Between semester II 2022 and semester II 2019, there is a percentage 

decrease in terms of DDD *1000 PD of between 7% and 100% in all classes except 

for beta-lactam/beta-lactamase inhibitor combinations (+24%) and penicillins 

(+3%). Between semester I 2023 and semester I 2019, there is a consistent increase 

in the use of 3rd-generation cephalosporins (DDD +261%) and imidazoles (DDD 

+202%), a more limited increase in the use of beta-lactam/beta-lactamase inhibitor 

combinations (DDD +23%) and a percentage decrease in DDD of between 13% and 

100% in the remaining classes. Between semester I 2023 and semester I 2022, there 

is a consistent increase in the use of imidazoles (DDD +467%), lincosamides (DDD 
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+367%), 3rd-generation cephalosporins (DDD +261%) and glycopeptides (DDD 

+100%), a more limited increase in the consumption of macrolides (DDD +20%) 

and a percentage decrease in DDD of between 2% and 100% in the remaining 

classes. 

 

Table XI. DDD normalised to *1000 PD, classified by active substance, ATC class and observation 

semester.  

 

 2019 

Sem. I 

2019 

Sem. II 

2022 

Sem. I 

2022 

Sem. II 

2023 

Sem. I 

Active substance DDD DDD DDD DDD DDD 

Access 

Aminoglycosides 10 7 3 2 2 

Amikacin 7 2 1 0 0 

Gentamycin 3 5 2 2 2 

Beta-lactam/beta-lactamase inhib. 41 52 47 67 46 

Amoxicillin-clavulanic ac. 39 51 47 67 45 

Ampicillin-sulbactam 2 1 0 0 1 

1st-generation cephalosporins 14 22 12 16 12 

Cefalexin 0 0 0 3 0 

Cefazolin 14 22 12 13 12 

Imidazoles 6 20 3 5 17 

Metronidazole 6 20 3 5 17 

Lincosamides 20 27 3 21 14 

Clindamycin 20 27 3 21 14 

Penicillins 24 17 15 18 14 

Amoxicillin 10 4 6 4 4 

Ampicillin 4 5 4 6 4 

Oxacillin 10 8 5 8 6 

Tetracycline 0 0 0 0 3 

Doxycycline 0 0 0 0 3 

Trimethoprim - sulphonamide combinations 2 5 1 0 0 

Sulfamethoxazole+trimethoprim 2 5 1 0 0 

N.B.: continues with Table XI bis. 
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Table XI bis. Continued from Table XI. 

 

 2019 

Sem. I 

2019 

Sem. II 

2022 

Sem. I 

2022 

Sem. II 

2023 

Sem. I 

Active substance DDD DDD DDD DDD DDD 

Watch  

Aminoglycosides 0 0 1 0 0 

Tobramycin 0 0 1 0 0 

Beta-lactam/beta-lactamase inhib. (anti-pseudomonas) 6 11 13 11 12 

Piperacillin-tazobactam 6 11 13 11 12 

Carbapenems 7 18 0 1 0 

Meropenem 7 18 0 1 0 

Fluoroquinolones 10 8 0 2 2 

Ciprofloxacin 3 7 0 2 2 

Levofloxacin 7 1 0 0 0 

Glycopeptides 21 25 4 11 8 

Teicoplanin 3 12 0 0 0 

Vancomycin 18 13 4 11 8 

Macrolides 33 29 10 9 12 

Azithromycin 14 11 3 6 8 

Clarithromycin 19 18 7 3 4 

Erythromycin  0 0 0 0 0 

Rifamycins 2 0 0 0 0 

Rifampicin 2 0 0 0 0 

2nd-generation cephalosporins 3 1 0 0 0 

Cefaclor 1 0 0 0 0 

Cefuroxime 2 1 0 0 0 

3rd-generation cephalosporins 99 107 28 38 101 

Cefixime 2 1 0 0 0 

Cefotaxime 12 9 3 5 5 

Cefpodoxime 1 3 0 0 0 

Ceftazidime 5 5 5 4 5 

Ceftriaxone 79 89 20 29 91 

Reserve 

5th-generation cephalosporins 1 0 0 0 0 

Ceftaroline fosamil 1 0 0 0 0 

Overall total 312 385 140 203 243 
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As shown in Table XII, by analysing the consumption trend in terms of mean DDD 

*1000 PD classified by AWaRE class, between semester I 2022 and semester I 2019 

for the “Access” class there is a 20% percentage decrease in DDD (DDD 85 vs 106) 

and for the “Watch” class there is a 67% percentage decrease in DDD (DDD 55 vs 

168). By comparing semester II 2022 with semester II 2019, a 6.5% percentage 

decrease in DDD (DDD 129 vs 138) is observed for the “Access” class and a 60% 

decrease (DDD 72 vs 181) is observed for the “Watch” class. Between semester I 

2023 and semester I 2019, a minimal percentage increase in DDD (+ 3%; DDD 109 

vs 106) is observed for the “Access” class, whereas there is a downward trend  

(-20%; DDD 134 vs 168) for the “Watch” class. Lastly, by comparing semester I 

2023 and semester I 2022, a 28% percentage increase in DDD (DDD 109 vs 85) is 

observed for the “Access” class and a 144% increase (DDD 134 vs 55) is observed 

for the “Watch” class. 

 

No “Reserve” class antibiotic was used in 2022 and 2023, and very occasional use 

was observed during 2019. 

 

By assessing the “Access to Watch” ratio for mean DDD *1000 PD for each 

observation semester (Table XII; Fig. 22), a progressive increase can be seen in the 

“Access to Watch” ratio between semester I 2019 and semester II 2022 (from 0.6 

to 1.8) and a decrease in semester I 2023 (“Access to Watch” ratio 0.8). 

 

 

Table XII. DDD normalised to *1000 PD, broken down by AWaRe class and observation semester. 

 

 
2019 

Sem. I 

2019 

Sem. II 

2022 

Sem. I 

2022 

Sem. II 

2023 

Sem. I 

DDD *1000 PD “Access” (mean) 106 138 85 129 109 

DDD *1000 PD “Watch” (mean) 168 181 55 72 134 

“Access to Watch” ratio (mean) 0.6 0.8 1.5 1.8 0.8 
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Figure 22. “Access to Watch” ratio trend by observation semester. 

 

 

As shown in Table XIII, by comparing the by-semester data, the parameter total 

DOT normalised to *1000 PD decreased by 63% (DOT 270 vs 724) between 

semester I 2022 and semester I 2019, by 55% (DOT 370 vs 830) between semester 

II 2022 and semester II 2019 and by 50% (DOT 359 vs 724) between semester I 

2023 and semester I 2019. On the other hand, by comparing semester I 2023 with 

semester I 2022, there is a 33% increase in the consumption of antibiotics in terms 

of DOT (359 vs 270). 

 

By analysing the by-semester consumption trend in terms of DOT *1000 PD 

classified by active substance and ATC class (Table XIII), between semester I 2022 

and semester I 2019, there is a percentage decrease in DOT of between 17% and 

100% in all classes. Between semester II 2022 and semester II 2019, a percentage 

decrease in DOT of between 1% and 100% is observed in all classes. Between 

semester I 2023 and semester I 2019, a decrease of between 13% and 100% is 

observed in all classes except imidazoles (DOT +18%). Between semester I 2023 

and semester I 2022, a percentage increase in DOT is observed for lincosamides 

(+343%), third-generation cephalosporins (+160%), imidazoles (+167%), 

glycopeptides (+85%), macrolides (+11%) and beta-lactam/beta-lactamase 
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inhibitors combinations (+8%), and a decrease of between 13% and 100% is 

observed for the remaining classes. 

 

Table XIII. DOT normalised to *1000 PD, classified by active substance, ATC class and 

observation semester. 

 

 
2019 

Sem. I 

2019 

Sem. II 

2022 

Sem. I 

2022 

Sem. II 

2023 

Sem. I 

Active substance DOT DOT DOT DOT DOT 

Access 

Aminoglycosides 46 49 16 21 8 

Amikacin 13 7 2 1 0 

Gentamycin 33 42 14 20 8 

Beta-lactams+beta-lactamase inhibitors 95 107 73 88 80 

Amoxicillin-clavulanic ac. 89 102 71 88 78 

Ampicillin-sulbactam 6 5 2 0 2 

1st-generation cephalosporins 26 39 21 26 17 

Cefalexin 0 0 1 4 0 

Cefazolin 26 39 20 22 17 

Imidazoles 14 40 6 10 16 

Metronidazole 14 40 6 10 16 

Lincosamides 55 68 7 19 31 

Clindamycin 55 68 7 19 31 

Penicillins 68 73 46 58 30 

Amoxicillin 17 9 14 9 6 

Ampicillin 35 53 27 43 19 

Oxacillin 16 11 5 6 5 

Tetracycline 0 0 0 0 2 

Doxycycline 0 0 0 0 2 

Trimethoprim-sulphonamide combination 7 7 3 0 3 

Sulfamethoxazole+trimethoprim 7 7 3 0 3 

N.B.: continues with Table XIII bis. 
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Table XIII bis. Continued from Table XIII. 

 

 
2019 

Sem. I 

2019 

Sem. II 

2022 

Sem. I 

2022 

Sem. II 

2023 

Sem. I 

Active substance DOT DOT DOT DOT DOT 

Watch 

Aminoglycosides 0 0 1 0 0 

Tobramycin 0 0 1 0 0 

Beta-lactams+beta-lactamase inhibitors (anti-pseudomonas) 20 25 17 25 15 

Piperacillin-tazobactam 20 25 17 25 15 

Carbapenems 16 42 2 2 0 

Meropenem 16 42 2 2 0 

Fluoroquinolones 16 9 0 3 2 

Ciprofloxacin 7 8 0 3 2 

Levofloxacin 9 1 0 0 0 

Glycopeptides 51 50 13 25 24 

Teicoplanin 7 19 0 1 1 

Vancomycin 44 31 13 24 23 

Macrolides 97 53 19 16 21 

Azithromycin 35 19 6 8 13 

Clarithromycin 60 34 13 7 8 

Erythromycin  2 0 0 1 0 

Rifamycins 6 0 0 0 0 

Rifampicin 6 0 0 0 0 

2nd-generation cephalosporins 10 5 0 0 1 

Cefaclor 4 0 0 0 1 

Cefuroxime 6 5 0 0 0 

3rd-generation cephalosporins 163 180 42 73 109 

Cefixime 3 6 1 2 0 

Cefotaxime 39 41 7 23 11 

Cefpodoxime 1 5 0 2 0 

Ceftazidime 16 24 11 8 8 

Ceftriaxone 104 104 23 38 90 

Reserve           

5th-generation cephalosporins 1 0 0 0 0 

Ceftaroline fosamil 1 0 0 0 0 

Overall total 724 830 270 370 359 
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By analysing the consumption trend in terms of mean DOT *1000 PD classified by 

AWaRE class (Table XIV), between semester I 2022 and semester I 2019 for the 

“Access” class there is a 40% percentage decrease (DOT 174 vs 292) and for the 

“Watch” class there is a 73% percentage decrease (DOT 94 vs 350). Between 

semester II 2022 and semester II 2019, there is a 39% decrease for the “Access” 

class (DOT 222 vs 361) and a 56% decrease for the “Watch” class (DOT 145 vs 

327). Between semester I 2023 and semester I 2019, the decrease is of 36% (DOT 

187 vs 292) for the “Access” class and of 51% (DOT 170 vs 350) for the “Watch” 

class. Lastly, between semester I 2023 and semester I 2022 there is an increase in 

antibiotic consumption of 7% (DOT 187 vs 174) for the “Access” class and of 81% 

(DOT 170 vs 94) for the “Watch” class. 

 

No “Reserve” class antibiotic was used in 2022 and 2023. 

 

 

Table XIV. DOT normalised to *1000 PD, broken down by AWaRe class and observation semester. 
 

2019 

Sem. I 

2019 

Sem. II 

2022 

Sem. I 

2022 

Sem. II 

2023 

Sem. I 

DOT *1000 PD “Access” (mean)  292 361 174 222 187 

DOT *1000 PD “Watch” (mean) 350 327 94 145 170 

 

 

 

Table XV shows the parameter LOT normalised to *1000 PD, summarised by 

observation month and semester. 

Overall, mean LOT *1000 PD decreased by 48% (LOT 232 vs 450) between 

semester I 2022 and semester I 2019, by 32% (LOT 319 vs 472) between semester 

II 2022 and semester II 2019 and by 30% (LOT 313 vs 450) between semester I 

2023 and semester I 2019. On the other hand, by comparing semester I 2023 with 

semester I 2022, there is a 35% increase in the consumption of antibiotics in terms 

of mean LOT (313 vs 232). 
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Table XV. LOT normalised to *1000 PD, by observation month and semester. 

2019 

Sem. I 

2019 

Sem. II 

2022 

Sem. I 

2022 

Sem. II 

2023 

Sem. I 

Month 
LOT 

*1000 PD 
Month 

LOT 

*1000 PD 
Month 

LOT 

*1000 PD 
Month 

LOT 

*1000 PD 
Month 

LOT 

*1000 PD 

Jan 450 Jul 529 Jan 268 Jul 319 Jan 332 

Feb 360 Aug 585 Feb 218 Aug 287 Feb 426 

Mar 439 Sep 457 Mar 166 Sep 330 Mar 287 

Apr 521 Oct 473 Apr 232 Oct 330 Apr 282 

May 504 Nov 353 May 179 Nov 275 May 312 

Jun 427 Dec 433 Jun 329 Dec 371 Jun 240 

LOT 

*1000 PD 

(mean) 

450 

LOT 

*1000 PD 

(mean) 

472 

LOT 

*1000 PD 

(mean) 

232 

LOT 

*1000 PD 

(mean) 

319 

LOT 

*1000 PD 

(mean) 

313 

 

 

Qualitative analysis of antibiotic consumption: data for 2019 (pre-AS 

intervention) and 2022-2023 (post-AS intervention) 

 

With a view to performing a qualitative analysis of antibiotic consumption, the 

parameters DDD*1000 PDs and DOT*1000 PDs were calculated for each AWaRe 

class during 2019, 2022 and the first semester of 2023. The data are summarised 

graphically in Figures 23, 24, 25 and 26. 

The data analysis shows a consistent decrease in total antibiotic consumption in 

2022-2023 compared to 2019, with a more consistent downward trend in the use of 

the “Watch” class, which is clear in both absolute and percentage terms. 

In the second semester of 2022, there appears to be an increase in overall antibiotic 

consumption, albeit with values that remain significantly lower than those 

registered during 2019, and this increase also evident for the first semester of 2023. 

The most consistent increase regards the consumption of “Watch” class antibiotics 

during the 2022-2023 winter season, albeit with consumption values that remain 

lower in absolute terms than the corresponding period in 2019. No “Reserve” class 

antibiotic was used in the 2022-2023 observation period. 
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Figure 23. Monthly antibiotic consumption (DDD *1000 PD) and corresponding AWaRe class. 

 

 

 

Figure 24. DDD *1000 PD expressed as a percentage of total consumption, for each AWaRe class. 
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Figure 25. Monthly antibiotic consumption (DOT *1000 PD) and corresponding AWaRe class. 

 

 

 

 

Figure 26. DOT *1000 PD expressed as a percentage of total consumption, for each AWaRe class. 
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Interrupted time series analysis (ITSA) for antibiotic consumption: data for 

2019 (pre-AS intervention) and 2022-2023 (post-AS intervention). 

 

Considering total consumption of antibiotics in terms of DDD, the initial monthly 

antibiotic consumption level was estimated to be 259.17 DDD *1000 PD, with a 

pre-intervention monthly increase of +6.83 DDD *1000 PD (p>0.05; 95% CI:  

-5.48; 19.14). In the first month after the intervention, consumption decreased by  

-199.98 DDD*1000 PD (p<0.001; 95% CI: -291.33; -108.62), followed by a 

minimal but constant decrease in monthly consumption, of -0.51 DDD*1000 PD 

(p>0.05; 95% CI: -14.49; 13.47). The estimate produced by the post-trend analysis 

showed a post-intervention monthly increase of +6.32 DDD *1000 PD (p=0.05; 

95% CI: -0.05; 12.69). 

Figure 27 provides a graphical representation of the ITS analysis for DDD *1000 

PD. 

 

 

 

Figure 27. Interrupted time series analysis of overall antibiotic consumption measured in 

DDD *1000 PD. 
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Considering the overall consumption of antibiotics in terms of DOT, the initial 

monthly consumption level was estimated to be 653.17 DOT *1000 PD, with a 

monthly increase of +2.17 DOT *1000 PD (p>0.05; 95% CI: -22.17; 26.50). At 

“month 13” there was a reduction of -396.26 DOT *1000 PD (p<0.01; 95% CI:  

-604.65; -187.87), with a subsequent monthly increase of +3.44 DOT *1000 PD 

(p>0.05; 95% CI: -22.10; 28.99). The estimate produced by the post-trend analysis 

showed a post-intervention monthly increase of +5.61 DOT *1000 PD (p>0.05; 

95% CI: -2.46; 13.68). 

Figure 28 provides a graphical representation of the ITS analysis for DOT *1000 

PD. 

 

 

 

Figure 28. Interrupted time series analysis of overall antibiotic consumption measured in 

DOT *1000 PD. 

 

 



61 
 

Considering the overall consumption of antibiotics in terms of LOT, the initial 

monthly consumption level was estimated to be 460.52 LOT *1000 PD, with an 

almost constant monthly consumption (monthly increase of +0.08 LOT *1000 PD; 

p>0.05; 95% CI: -12.44; 12.60). At “month 13” there was a decrease of -221.91 

LOT *1000 PD (p<0.01; 95% CI: -337.44; -106.39), followed by a modest increase 

in monthly consumption of +5.60 LOT *1000 PD (p>0.05; 95% CI: -8.41; 19.61). 

The estimate produced by the post-trend analysis showed a post-intervention 

monthly increase of +5.68 LOT *1000 PD (p>0.05; 95% CI:  

-0.80; 12.17). 

Figure 29 provides a graphical representation of the ITS analysis for LOT *1000 

PD. 

 

 

 

Figure 29. Interrupted time series analysis of overall antibiotic consumption measured in 

LOT *1000 PD. 
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“Length of stay” (LOS) and “in-hospital mortality”: data for 2019 (pre-AS 

intervention) and 2022-2023 (post-AS intervention). 

 

As shown in Table XVI, the mean monthly LOS parameter was calculated for the 

Paediatric area for the period “January-December 2019” (pre-intervention phase) 

and in the period “January-December 2022” and “January-June 2023” (post-

intervention phase), and showed a slight decrease in the mean length of stay in 

hospital in the post-intervention phase, with a difference that did not, however reach 

statistical significance. 

No in-hospital mortality event was recorded during the period considered. 

 

 

Table XVI. Mean LOS and in-hospital mortality by observation period. 

 

 
2019 

Sem. I+II 

2022 

Sem. I+II 

2023 

Sem. I 
p-value 

Mean LOS (days) 4.9 4.1 4.3 p >0.05 

In-hospital mortality (%) 0 0 0 N/A 
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DISCUSSION 

 

 

Antibiotic therapy in the paediatric age, all the more so if administered early, within 

the first few years of life, can be associated with peculiar, age-dependent adverse 

events, that differ in some ways from the effects induced in adulthood. 36 In the 

paediatric age, the adverse events of antibiotic therapy are common, involving up 

to 20% of the subjects to whom it is administered, and often underestimated, 

potentially even remaining unknown to the prescribing doctor due to the delayed 

onset of symptoms some days or even weeks after prescription. 37 The duration of 

the treatment cycle is an important risk factor for adverse events determining, in the 

paediatric age, for each single day of antibiotic therapy, a 7% increase in the risk of 

developing an adverse event. 37 The effects of a cycle of antibiotic therapy can also 

be long-lasting, due to modulation of the subject’s gut microbiota and commensal 

microorganisms, resulting in less resistance to colonisation by pathogens and 

secondary expansion of antibiotic-resistant pathogenic species. 38 These antibiotic-

induced changes in the microbiota have been recognised as persistent over time, 

and can last up to 2 years from the discontinuation of administration, opening up 

potential for possible additive adverse effects in the case of repeated and close 

treatment cycles. 39.40 

The risk of adverse events correlated with the use of antimicrobials can be further 

increased by possible prescription errors. For antibiotics it is particularly evident 

that an inappropriate choice of active substance or antimicrobial combination, with 

an inadequate spectrum for the coverage of a given micro-organism or with an 

inadequate posology for ensuring susceptibility to the drug, can expose the patient 

to the adverse effects of the medicinal product without bringing the expected 

benefits. Considering the high number of paediatric subjects to whom 

antimicrobials are administered, often with repeated treatment cycles, it remains a 

priority to limit the additional risk associated with prescriptive errors. 

The AS intervention conducted within the framework of this study was based on 

“non-restrictive” means, i.e. aiming to provide medical personnel with training on 

good prescription practices for the use of antibiotics and the systematic 
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dissemination, among the personnel involved, of specific guidelines that were 

always readily available for consultation, by means of official hospital documents 

that could be used in both printed format and electronic format with a dedicated 

app. Electronic devices were also used to provide the medical personnel involved 

with updates on the resistance rates for the micro-organisms of local interest, 

focusing specifically on the paediatric age. After the initial intensive training phase, 

the gradual reduction in the frequency of formal feedback to the prescribing doctors 

of the different units was a strategic decision taken by the AS team with a view to 

interfering less in the prescriptive choices of the individual practitioners, optimal 

interaction of the AS team with the physicians of the unit and, on the whole, to 

ensure maximum effectiveness of the AS intervention in the units involved. 

 

 

Analysis of the prescriptive appropriateness data in terms of compliance with 

the guidelines and “Point Prevalence Survey” data for inpatients receiving 

antibiotics in the Paediatric area, in the pre- and post-AS intervention phases. 

 

The data collected within the framework of the cross-sectional surveys of the audits 

carried out during this research project demonstrate that, in the period 2022-2023, 

the proportion of inappropriate antibiotic prescriptions at the start of the observation 

phase (February 2022) amounted to approximately 40% of ongoing prescriptions 

and decreased to 10% of total prescriptions at the end of the observation period 

(June 2023). The most common prescription errors observed during the audit phase 

resulted in antibiotic treatments that were inappropriate in terms of indication, 

inappropriate according to the guidelines or did not provide coverage due to the 

characteristics of the microbiological isolate, or of a length of treatment not 

consistent with the indications; however, for each of these aspects it was possible 

to observe an upward quality trend as the audit process progressed, particularly after 

the initial intensive phase with weekly feedback. Overall, the trends for the 

prescriptive inappropriateness data showed, at the same time as the likely 

consolidation of the new prescription practices on the basis of the guidelines 

provided, a progressive decrease over the course of the 2022-2023 period in the 
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average proportion of inappropriate prescriptions due to qualitative errors or errors 

relating to the duration of the treatment or prophylaxis. 

When also assessing the prescriptive appropriateness data in relation to the 

microbiological isolates, the share of subjects experiencing prescriptive errors was 

seen to be considerably lower after the AS intervention, in the 2022-2023 period 

(semester I 2022: 6%; semester II 2022: 9%; semester I 2023: 10%), compared to 

the pre-intervention historical data (semester I 2019: 24%; semester II 2019: 28%), 

with evidence of a statistical correlation between the decrease in the proportion of 

inappropriate empirical therapy prescriptions and the AS intervention. 

Within the Paediatric area of Verona University Hospital, a higher rate of 

inappropriate therapies is evident in the first weeks after the introduction of the 

guidelines and again in the summer months of 2022, which coincided with the 

introduction of newly recruited medical personnel into the department. 

As has been extensively demonstrated also in the literature, the training of 

prescribing medical personnel at the time of their recruitment and a long-term 

refresher programme are essential for achieving and maintaining prescriptive 

appropriateness standards for antimicrobial agents. 41 Besides, it is equally well 

known from the literature that, in general, prescriptive errors are more common 

when personnel have not been adequately trained on the issue in question, when the 

workload is excessive or if it is difficult to obtain direct communications with more 

expert personnel (senior doctors or specialists). 42 Such evidence calls for a 

systematic distribution of the therapeutic protocols of interest to prescribing 

doctors, so that the protocols are readily accessible in all locations and at any time 

of work activities. In this perspective, providing treatment guidelines through 

printed and electronic media (“Firstline” app), following an appropriate training 

phase, appears to constitute a valid aid in limiting prescriptive errors in the 

antibiotic therapy setting. 

In actual fact, the audit and feedback phase, specifically designed to keep the AS 

intervention active albeit without the daily presence of the intervention team in the 

unit, also recorded during the follow-up phase the maintenance of a high general 

quality of prescription and guideline compliance, with a consequent reduction in 

the proportion of inpatients receiving antibiotic therapy. More specifically, it was 



66 
 

observed that, in the units of the Paediatric area of Verona University Hospital, 

following the issuance of the hospital guidelines on empirical antibiotic therapy and 

perioperative antibiotic prophylaxis and following the AS intervention, the mean 

percentage of inpatients receiving antibiotic therapy was between 29% and 32% 

during 2022 and 29% in the first semester of 2023, rates that were significantly 

lower than the data collected at the same University Hospital in 2018 (47% of 

Paediatric Area inpatients) and lower than the mean values for national cohorts 

(median rate of 38.9%) and international cohorts (median rate of 36.7%) provided 

by the ARPEC study. 1,34 It is nevertheless important to remember that this study 

did not include the neonatal and paediatric intensive care units or the paediatric 

onco-haematological unit, which are known to generally have a particularly high 

consumption of antibiotics. 

 

 

Analysis of the prescriptive appropriateness data in terms of the susceptibility 

of the microbiological isolate and data on the microbiological resistance 

profiles observed in the Paediatric area, in the pre- and post-AS intervention 

phases. 

 

In order for an AS intervention to be deemed successful, it is essential to observe 

that the empirical therapy guidelines drawn up within the framework of the AS 

intervention do not result in an increase in the rate of missed treatment options for 

the micro-organism of interest (according to the antimicrobial susceptibility 

characteristics observed in vitro) compared to the pre-intervention phase. For this 

reason, a phase assessing the in vitro coverage for the antibiotics recommended by 

the guidelines was included within the framework of the AS project conducted in 

the Paediatric area of Verona University Hospital.  

The data available to date on this subject do not show statistically significant 

differences in the pre- versus post-intervention proportion of inadequate in vitro 

coverage, although an upward trend in the proportion of micro-organisms not 

susceptible to correctly administered antimicrobial therapy according to the 

guidelines for empirical therapy was observed in the 2022-2023 period compared 
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to 2019 (2019: 24%; 2022: 30%, semester I 2023: 36%), sometimes due to 

microorganism resistance according to the antibiogram, in other cases due to the 

finding of an unexpected microbiological phenotype. More specifically, for blood 

culture isolates, the share of inappropriate prescriptions in terms of in vitro coverage 

despite the prescription being appropriate according to the guidelines, fluctuated 

from 18% of subjects in 2019, to 31% of cases in 2022, before returning to 17% of 

patients in the first semester of 2023. Considering instead urine culture isolates, the 

inappropriateness of therapy in terms of in vitro coverage increased from 27% of 

cases in 2019 to 30% of cases in 2022 and up to 38% of cases in the first semester 

of 2023. Throughout the entire observation period, there were no CSF culture 

isolates that were in-vitro resistant to the therapy established. 

In some cases, the absence of in vitro coverage was due to unexpected 

microbiological phenotypes (e.g. Acinetobacter iwoffi, Citrobacter koseri, 

Klebsiella oxytoca, Pseudomonas aeruginosa, Fusobacterium necroforum). 

If the cases of a lack of susceptibility due to an unexpected phenotype are removed 

from these analyses, and only the cases of a lack of susceptibility due to a resistant 

micro-organism are considered, for the blood culture isolates, in 2022 and 2023 

there were no inappropriate prescriptions due to a resistant micro-organism, unlike 

2019, when 6% of prescriptions were inappropriate. As regards the urine culture 

isolates, the proportion of treatments that were appropriate according to the 

guidelines but not in terms of in vitro coverage due to micro-organism resistance 

increased from 15% in 2019 to 29% in 2022, and to 33% in the first semester of 

2023. 

In this caseload, the prevalence of MDR micro-organisms (essentially consisting of 

ESBL Escherichia coli, ESBL Proteus mirabilis and MRSA Staphylococcus 

aureus) was on the whole very low throughout the entire observation period 

(prevalence of 9% in 2019 and 7% in 2022-2023), although an extended observation 

period would be required in order to monitor this aspect in the long term. 

As overall Escherichia coli micro-organisms represented the absolute majority of 

the isolates reported in this study, the resistance characteristics of these micro-

organisms were evaluated in further detail. 
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Considering only the patients for whom empirical therapy was instituted in 

anticipation of the expected isolate, the Escherichia coli micro-organisms identified 

were found to be non-susceptible due to resistance to empirical therapy that was 

appropriate according to the guidelines in 18% of cases in 2019, in 34% of subjects 

in 2022 and in 40% of patients in the first semester of 2023. Since the proportion 

of Escherichia coli non-susceptible to appropriate empirical therapy due to the 

ESBL mechanism of resistance was seen to decrease from a non-susceptible rate of 

60% in 2019 to 18% in 2022-2023, the resistance value was therefore primarily 

associated with the increase in Escherichia coli isolates resistant to amoxicillin-

clavulanic acid, which represented an increasing proportion of resistant isolates (in 

2019 40% of Escherichia coli isolates were resistant to therapy, in 2022-2023 82%). 

These findings are consistent with very recent literature on the characteristics of 

Escherichia coli micro-organisms isolated from urine cultures in caseloads of 

paediatric patients with urinary tract infections in regions of northern Italy, with 

amoxicillin-clavulanate-resistant Escherichia coli prevalence rates of up to 42%, 

43,44 and various studies have also reported an increasing rate of Escherichia coli 

resistance to amoxicillin-clavulanic acid worldwide, of up to 48% of cases. 45.46 

The mechanism of Escherichia coli resistance to amoxicillin-clavulanic acid seems 

to be a multifactor process, resulting from the combination of multiple copies of 

beta-lactamase genes, mutations in the promoters associated with resistance genes 

and mechanisms of resistance to inhibitors. 47 Beta-lactamase gene overproduction 

appears to be the most common genetic finding, although there are many other 

mechanisms that govern the phenotype of Escherichia coli. 48.49  

It is important to point out that previous studies conducted on Italian cohorts 50, as 

well as the local microbiological resistance profile surveys carried out during 2019 

at Verona University Hospital, had reported for Escherichia coli an amoxicillin-

clavulanic acid resistance rate of not more than 15% and, besides, an increasing 

incidence of unprotected aminopenicillin-resistant strains had been observed 

worldwide. Since the antibiotic resistance model guides the choice of empirical 

treatment for suspected febrile urinary tract infections in children, and it is a 

priority, whenever possible, to limit the use of second-line antibiotics, amoxicillin-
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clavulanic acid has been indicated by various guidelines, including the Italian 

recommendations, 51 as appropriate first-line treatment.  

Therefore, selective pressure from the antibiotic itself may have induced multiple 

additional resistance mechanisms, resulting in a rapid increase in the rate of 

resistance to amoxicillin-clavulanic acid and, consequently, a major limitation in 

the therapeutic management of urinary tract infections in children. Furthermore, the 

poor safety profile of fluoroquinolones, the difficulty of handling aminoglycosides 

in children, the inadequate tissue concentrations achieved by nitrofurantoin and the 

absence of definitive data on the use of fosfomycin in paediatric patients, as well as 

the risk of inducing multi-resistances (e.g. ESBL and MRSA) with blanket use of 

cephalosporins, further restrict the treatment options for urinary tract infections in 

the paediatric population. 43 

It should in any case be borne in mind that the resistance rate of the isolated strain 

recorded in this study was defined, as in the studies reported in the literature, by 

assessing the “clinical breakpoint” (“sensitive”; “intermediate”; “resistant”) 

indicated in the antibiogram. 52 Indeed, in a proportion of patients there is a lack of 

data regarding clinical response after treatment with amoxicillin-clavulanic acid, 

suggesting the potential for in vivo rather than in vitro resistance, because, as these 

are patients without a clinical situation of sepsis, follow-up after the start of therapy 

is entrusted to the patient’s general practitioner. 

Even bearing in mind the above limitations of this study, in our opinion the data 

available to date raise certain questions regarding the appropriateness of prescribing 

amoxicillin-clavulanic acid as the first-line antibiotic in all cases of paediatric 

urinary tract infection not constituting sepsis in the metropolitan area of Verona and 

strongly emphasise the need for careful clinical surveillance of the patient under 

treatment until there is evidence of a clear clinical improvement or the antibiogram 

results become available, suggesting the need for further studies on large caseloads 

in order to confirm this evidence and to restrict the inappropriate use of antibiotics 

at local level as much as possible, especially for empirical treatments. 

In our opinion, it remains a matter of priority to consider to what extent the 

guidelines adopted in the Paediatric area of Verona University Hospital within the 

framework of the AS project address the empirical treatment of patients without 
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sepsis. However, the need to revise the current guidelines in favour of active 

ingredients with a broader spectrum is still being assessed, also in view of the 

possible strong ecological impact in the microbiological field. In this perspective 

too, it would appear indispensable to systematically obtain intra- and extra-hospital 

urine culture samples prior to the start of empirical antibiotic therapy in order to be 

able to correctly assess the need for and impact of any changes in the treatment 

guidelines. 

The impact of extra-hospital amoxicillin-clavulanic acid treatments for various 

infectious diseases in paediatric patients, which are not always appropriate in terms 

of indication, choice of active substance, posology and length of treatment, are yet 

to be explored in detail. 

 

 

 

Analysis of the antibiotic consumption data in the pre- and post-AS 

intervention phases. 

 

By considering the consumption parameters DDD and DOT *1000 PD, it can be 

seen that within the Paediatric area there was a decrease in absolute terms in the 

total consumption of antibiotics during the period 2022-2023 compared to 2019, 

with a percentage reduction in DDD ranging from 22% to 55% compared to the 

pre- and post-intervention semester considered and a percentage reduction in DOT 

of between 50% and 55%. 

The ITS analysis of total antibiotic consumption in terms of DDD, DOT and LOT 

showed an earlier, statistically significant decrease in the total monthly 

consumption of antibiotics in the post-intervention findings [-199.98 DDD*1000 

PD (95% CI: -291.33; -108.62; p<0.001); -396.26 DOT*1000 PD (95% CI:  

-604.65; -187.87; p<0.01); -221.91 LOT*1000 PD (95% CI:-337.44; -106.39; 

p<0.01)]. The post-trend ITS analysis showed a modest monthly increase in total 

antibiotic consumption sometime after the intervention, without achieving 

statistical significance [+6.32 DDD*1000 PD (95% CI: -0.05; 12.69; p=0.05); 
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+5.61 DOT*1000 PD (95% CI: -2.46; 13.68; p>0.05); +5.68 LOT*1000 PD (95% 

CI: -0.80; 12.17; p>0.05)]. 

The data processed with the ITS analysis show that the AS intervention presumably 

played a direct role in reducing the consumption of antibiotics evaluated using 

multiple parameters, with consumption trends that are substantially in line with 

those reported in the literature. 27–32 

We find it interesting to note that, in this study, the overall antibiotic consumption 

trends estimated using the parameters DDD and DOT are comparable. 

Although the DDD parameter is not widely used in the studies present in the 

literature on the paediatric population, in that it is calculated using standards derived 

from the adult population and is potentially less precise in a population with a large 

body weight range and different mean doses of antibiotic, the decision to use also 

this parameter in this study derives from the hypothesis that, by comparing similar 

populations (i.e. with a similar mean age and presumably comparable weight), the 

DDD parameter can provide useful information when comparing units with a 

similar inpatient population (e.g. the same unit in different time periods, assuming 

that the type of patient does not change significantly over time). In addition, it 

should be pointed out that the DDD parameter for this caseload was calculated on 

the medicinal product administered, rather than the drug ordered, as reported in 

other studies. 

 

From a qualitative perspective, as an effective AS intervention should result in a 

reduction in the consumption of “Watch” and “Reserve” class antibiotics in favour 

of “Access” class antibiotics and preferably achieve an “Access” antibiotics usage 

rate of at least 60% of total prescriptions with an “Access to Watch ratio” of >1, 

14,15 the data collected during this study show that, within the Paediatric area of 

Verona University Hospital, after the AS intervention this objective can be 

considered fully satisfied (no use of “Reserve” class antibiotics; “Access” class 

prescriptions consistently above 60% of total prescriptions; “Access to Watch” 

Ratio >1 during 2022 and decreased to 0.8 in semester I 2023, despite being higher 

than the values recorded in the pre-intervention phase). 
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The antibiotics most commonly prescribed in this study were beta-lactams with or 

without beta-lactamase inhibitors (with the amoxicillin/clavulanic acid 

combination in first place), 1st- and 3rd-generation cephalosporins, 

aminoglycosides and lincosamides, with an upward trend in the use of beta-lactams 

with or without beta-lactamase inhibitors over cephalosporins during 2022. It 

should, however, be pointed out that, in semester I 2023, there was also an increase 

in the use of 3rd-generation cephalosporins, presumably due to a high number of 

hospitalised patients with severe sepsis, orbital cellulitis, visceral abscesses and 

deep neck abscesses during the same period. 

As far as fluoroquinolone, carbapenem and vancomycin prescriptions are 

concerned, a considerable decrease in the use of these antibiotics was observed after 

the AS intervention. 

Mean carbapenem consumption decreased by approximately 94% (DOT*1000 PD 

decreased from 29 to 1, -96%; DDD*1000 PD decreased from 12 to 1, -92%) and 

vancomycin consumption by 50% (DOT*1000 PD decreased from 38 to 19, -50%; 

DDD*1000 PD from 16 to 8, -50%). Fluoroquinolones were prescribed very 

sporadically throughout the post-intervention observation period (DOT*1000 PD 

decreased from 5 to 3, -40%; DDD*1000 PD from 9 to 2, -78%), probably as a 

result of the publication of the new custom guidelines, which did not mention them 

and the FDA’s warning regarding the potential for adverse events in the paediatric 

age. 

On the whole, the data collected show a convincing and significant reduction in the 

number of antibiotics prescribed, in both absolute terms and in qualitative terms 

according to the AWaRe classification, showing a promising shift towards greater 

use of “Access” rather than “Watch” class antibiotics. 

As demonstrated by the descriptive data and the ITS analysis, the effect of a 

reduction in antibiotic consumption was more remarkable in the first few months 

after the intervention, with a subsequent slight increase in consumption, particularly 

during the period June-July 2022 and during the 2022-2023 winter season. 
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This trend can be attributed to several factors: 

• progressive distance from the AS phase that entailed the continuous 

presence of the infectious diseases specialist in the unit; 

• dilation of the frequency of the audits and feedback pertaining to the AS 

activities; 

• introduction of newly-recruited medical personnel into the Paediatric area, 

who had not yet received training on the specific guidelines adopted by the 

Unit; 

• complete discontinuation of the precautionary post-SARS-CoV-2 pandemic 

measures with a gradual re-emergence of the variety of airborne infectious 

diseases characteristic of the pre-pandemic phase (official closure of the 

state of health emergency in Italy on 31/03/2022, with the complete 

revocation of the containment measures); 

• multiple hospitalisations during summer 2022 of neonatal patients with a 

clinical picture of meningitis, for whom combined empirical therapy was 

instituted, pending the result of the CSF culture test; 

• multiple hospitalisations during the 2022-2023 winter season of patients 

with orbital cellulitis, and deep neck or visceral abscesses, as well as 

patients with severe sepsis and multiple serious comorbidities and a history 

of repeated hospital admissions. 

 

Although the AS intervention appears, from the data reported, to have probably 

been associated with the reduction in antibiotic consumption, the inclusion of a 

control group in the study could have increased the validity of this assumption and 

a “non-intervention” arm could have helped to evaluate the impact of any 

confounders (e.g. changes in the patient mix, non-availability of certain active 

substances, etc.). However, they were not foreseen in the study design because all 

areas of the Paediatric Medical Area were simultaneously involved in the study, 

and no other departments with similar characteristics would have been available at 

the same location for use as a control group. 
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Analysis of the Length-of-stay (LOS) parameter 

 

The parameter mean LOS presented a minimal reduction in the post-intervention 

period (2022-2023 period) vs the pre-intervention period (2019), and these 

differences did not achieve statistical significance. 

 

 

Analysis of the efficacy and safety of the AS intervention in terms of in-hospital 

mortality 

 

The impact of the AS intervention on the parameter “in-hospital mortality” remains 

inconclusive, given the null in-hospital mortality rates throughout the study period. 
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CONCLUSIONS 

 

The reported data show that the training, availability of guidelines on media readily 

available to all professionals, and the audit and feedback method supported by staff 

with expertise in AS, are key factors for optimising, in both qualitative and 

quantitative terms, the use of antibiotics in the Paediatric Medical area and, 

ultimately, for reducing the spread of antibiotic-resistant micro-organisms. 

Long-term follow-up is required to confirm this evidence and capture any stable 

changes in the clinical and microbiological outcomes of interest.  

As regards the evidence produced during this study of a progressive increase in the 

proportion of amoxicillin-clavulanate-resistant Escherichia coli micro-organisms 

isolated on urine cultures, further dedicated surveillance studies will be required to 

determine the local prevalence of antibiotic resistance, with a view to updating the 

guidelines on empirical therapy based on local microbiological susceptibility data, 

if necessary. 

Lastly, it should be pointed out that we believe that using the parameter DDD to 

calculate consumption is a promising option in paediatric populations and therefore 

deserves to be considered in subsequent studies, with a view to validating it for this 

age range. 

 

FUTURE PROSPECTS 

 

In the months ahead, professional assessment and retraining initiatives on infectious 

diseases-specific topics (from clinical suspicion to appropriate microbiological 

sample collection, prescription of empirical therapy and optimisation of targeted 

therapy, whenever possible) will be organised within the Units of the Paediatric 

area, with the aim of improving knowledge regarding microbiological isolates and 

supporting prescribers in making the most appropriate choices in terms of clinical 

effectiveness and containment of antibiotic resistance. 
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