Introduction
Antimicrobial resistance (AMR) is one of the most serious threats to public health worldwide [1-2] being the cause of severe health complications for patients, including longer illnesses, increased morbidity and mortality, prolonged stays in hospital, loss of protection for patients undergoing surgical operations and other medical procedures, and consequently increased healthcare costs [3-4]. A correlation has been demonstrated between the use of antibiotics, especially if they are broad-spectrum, and a high proportion of AMR, both in the hospital and community settings [5-6]. In response to antimicrobial resistance threatens in May 2015 the World Health Assembly adopted the so-called “One Health Approach”, a global action plan involving the coordination among countries and international agencies, different sectors and actors, including both human and veterinary medicines, to globally address AMR problem [7-8]. 
[bookmark: _Hlk36552997]In Italy the resistance to antibiotics for all pathogens under surveillance remains high, generally above the European average [9-10]. The Italian antibiotics’ consumption, both in the community and hospital setting, is steadily higher than the average consumption in EU Member States and EEA countries (+6.5%), with high levels of inappropriate use, although with a decreasing trend in the last decade [11]. In such a context, in 2017 the first National Action Plan on Antimicrobial Resistance (PNCAR, Piano Nazionale per il Contrasto dell’Antimicrobico-Resistenza) was adopted in Italy [12]. In agreement with the WHO Action Plan, the Italian PNCAR applies the “one health approach” through the synergy of the antibiotic stewardship interventions between national, regional, and local levels, both in human and in veterinary field. Since antibiotic overuse in humans, especially in the outpatient setting, is one of the most important modifiable drivers of AMR [13], the PNCAR provides specific objectives and actions to promote a more rational use of antibiotics for human use, including the monitoring of the national consumption and trying to improve their appropriate use, particularly where they are used in high volumes. Among the indicators proposed, there was the reduction of the use of fluoroquinolones both in community and hospital setting. This objective seems to be even more urgent after the communication of the European Medicines Agency (EMA) in November 2018 requesting the suspension of the marketing authorisation of quinolones and the restriction of the indications for the prescription of fluoroquinolones due to potential serious toxic effects [14]. 
Since the PNCAR came into force, two dedicated annual National Report on Antibiotics’ use in humans have been published by the Medicines Utilisation Monitoring Centre (OsMed – Osservatorio Nazionale sull’impiego dei Medicinali) of the Italian Medicines Agency (AIFA, Agenzia Italiana del Farmaco) [15-16], although a previous one was published in 2009 [17]. Other studies were recently published on antibiotics ‘use in Italy but they reported data only for some Italian regions 18-19], with scant or incomplete information on regional variability. The aim of this article is to describe the pattern of antibiotic consumption in the community setting in Italy, both at national and regional level, from 2013 to 2018., including some indicators on appropriateness of use.
 




Sources and Methods
The consumption data for reimbursed antibiotics dispensed by community pharmacies were considered. Different data sources were used: 1. OsMed database, collecting data regarding the consumption of medicines dispensed by community pharmacies and reimbursed by the Italian National Health Care Service (NHCS); 2. Pharmaceutical Prescriptions database (also named “Italian Health Insurance Card database”) collecting patient level data on medicines dispensed by community pharmacies and reimbursed by Italian NHCS, used to evaluate the use of antibiotics in the Italian population by age and gender; 3. Diagnosis and prescription database (Health Search-IQVIA LPD) of a sentinel network of 800 general practitioners (GPs) related to 1.006.424 patients aged 14 years or over, representative of the adult primary care service at the national level, used to evaluate the appropriate use of antibiotics. 
Data from influNet surveillance system, a network coordinated by National Institute of Health of sentinel physicians made up of general practitioners and paediatricians who report cases of flu-like syndromes, were used to analyse the correlation between the antibiotics’ consumption and the incidence of flu syndromes in the October 2014-April 2019 period. 
Data were arranged according to the Anatomical Therapeutic Chemical (ATC) classification established by the World Health Organization Collaborating Centre (WHOCC) for Drug Statistics Methodology as following: antibacterials for systemic use (J01), fluoroquinolones (J01MA), broad-spectrum penicillins (J01CA-CE-CF), combinations of penicillins, incl. beta-lactamase inhibitors (J01CR) cephalosporins (J01DB-DC-DD-DE), macrolides (J01FA). 
Drug consumption was measured as number of Defined Daily Dose (DDD), which is the assumed average maintenance dose per day for a drug used for its main indication in adults [20]. It represents a standard in performing valid and reliable cross-national or longitudinal studies on drug consumption. Since DDD values of some medicines may change over time because of alterations in the main indication, or regulatory amendments for the recommended or prescribed daily dose, all historical data were retrospectively adjusted to the latest version of the DDD/ATC index. 
The indicator calculated as “number of DDD per 1,000 inhabitants per day” was used. To make regional comparisons a weighted population was applied in the indicator calculation, in order to take into account age and gender differences across Italian regions [21]. Since it is not possible to analyse medicines use in children by using DDDs owing to the variability of children’s doses and to fact that the WHO DDD/ATC index reports DDD referred to adult subjects only, the indicators used to report antibiotic use in the paediatric population (aged between 0 and 13 years) were the prescription rate (expressed as number of prescriptions per 1,000 children) and prevalence of use (the proportion of the paediatric population that uses antibiotics) [22] calculated by using the patient level data from Pharmaceutical Prescriptions database. 


Results
In 2018 the consumption of reimbursed antibiotics and dispensed by community pharmacies in Italy amounted to 16.1 DDD per 1,000 inhabitants per day (geographical variations are presented in detail in Table 1). The differences between geographical areas and regions showed a spatial trend of growth in antibiotic consumption going from the North to the South of Italy. The 2018 rates of antibiotic consumption by areas were 12.7 DDD per 1,000 inhabitants per day in the North, 16.9 in the Centre and 20.4 in the South of the country (Table 1). The growing consumption trend from North to South is maintained even when evaluating the specific antibiotic classes; differences by geographical area are particularly evident for third-generation cephalosporins, fluoroquinolones, macrolides and penicillins associated with beta-lactamase inhibitors (Figure 1). The use of antibiotics was greater in extreme age groups than in the population aged between 20 and 64 years. However, in the latter group, there was a greater exposure to antibiotics in women than in men, probably for the treatment of urinary tract infections. In contrast, in the population aged 80 and older, men received more antibiotics’ prescriptions than women (Figure 2). The consumption of antibiotics showed a clear seasonality in all the years considered (Figure 3); moreover, the antibiotic consumption is higher in winter season with particularly high peaks in the incidence of flu syndromes (Figure 4). Data from a sentinel network of general practitioners showed that, in 2018, an antibiotic for systemic use was prescribed in 33.1% of patients diagnosed with flu, cold or acute laryngotracheitis and the fluoroquinolones were prescribed in 34.2% of women with not complicated cystitis (Table 2). 
Considering the period 2013-2018, the consumption rates of antibiotics showed a significant reduction trend both at the national level (Compound annual growth rate-CAGR: -2.6%) and in the three geographical areas (North, Centre and South, CAGR: -2.6%, -3.1% and -2.5% respectively) (Table 1; Figure 3). 
The consumption of fluoroquinolones, equal to 2.6 DDD per 1,000 inhabitants per day in the general population in 2018, showed a significantly decreasing trend in the period considered (January 2013-May 2019). The reduction in the use of fluoroquinolones (24%) was more accentuated than expected based on data from previous years starting from the end of 2018, after the EMA communication. In 2018 the consumption rates at the national level was equal to 1.9 DDD in women aged between 20 to 59 year and equal to 6.9 DDD per 1,000 inhabitants per day in the elderly aged 75 or over. The prevalence of use was 8.4% in women between 20 and 59 years while it reached 22.5% in the elderly 75 or over (Table 3). An incremental gradient from the North to the South of Italy was also observable for fluoroquinolone use. In 2018 the prevalence of use for women aged between 20 and 59 varied from 6.8% in the North to 10.2% in the South while, for the population aged 75 or older, it varied from 16.7% in the North to 30.5% in the South (Table 3). According to the data collected in 2018 through the sentinel network of general practitioners, the fluoroquinolones were inappropriately prescribed in 34.2% of women under 65 years diagnosed with uncomplicated cystitis.
Considering the paediatric population aged between 0 and 13 years, the antibiotic utilization rate in 2018 was 1,010 prescriptions per 1,000 children, while the prevalence of use was 40.8%. It was observed, also in this age group, an incremental spatial trend from North to South for both prescription rate and prevalence of use (36.6% in the North, 41.6% in the Centre and 45.9% in the South) (Table 4a). 
For the children, there was a lower overall antibiotic prescription rate in the North, where penicillins are preferred to cephalosporins and macrolides. In the North penicillins showed higher prescription rates compared to other geographical areas, while for cephalosporins and macrolides, the opposite trend can be observed (Table 4b). Regarding the type of penicillins, in the North the broad-spectrum penicillins (e.g. amoxicillin) were prescribed more than in the rest of the country both in absolute and relative terms: the ratio between amoxicillin alone and the combination with clavulanic acid was 0.7 in the North and 0.3 both in the Centre and in the South. 


Discussion
Antibiotic consumption data in the Italian community setting showed significant differences by geographical and regional area. A progressive increase in the consumption of antibiotics from the North to the South of the country was observed. The potential contributing factors to variability in antibiotics’ consumption were investigated and include the physician–patient (parents) relationship, socio-economic status, clinical microbiology and the difficulties faced by physicians in differentiating viral from bacterial infections [23] as well physician characteristics [24]. Relevant differences were also found in the type of prescribed antibiotics: the broad-spectrum antibiotics were more frequently prescribed in the South than in the North. Considering the general population, cephalosporins, penicillins associated with beta-lactamase inhibitors, fluoroquinolones and macrolides were more frequently prescribed in the South than in the Centre and in the North, both in absolute and relative terms. A similar South-North spatial trend was also observed in the paediatric population both in quantitative terms (prescription rate) and in qualitative terms (type of prescribed antibiotics). 
In particular, the data from Medicines Utilisation Monitoring Centre highlighted the following main results: a marked seasonality in the antibiotic consumption with a higher than expected increase during the winter season; comparing the different calendar years, the occurrence of evident increases in consumption during the winter months when there were higher rates of flu syndromes; according to the data from the GPs’ sentinel network one-third of patients evaluated with symptoms related to the flu syndrome or to viral infections of the upper airways received an antibiotic prescription and a third of women who were diagnosed with uncomplicated cystitis received a prescription of a fluoroquinolone. 
These results complement those from The European Surveillance System (TESSy) which show that Italy has high antibiotic consumption (with preference for broad spectrum ones) and high prevalence of bacterial resistance compared to other countries [11-25].
The results of our analyses indicate the need to quantitatively reduce unnecessary antibiotic prescriptions and the use of broad-spectrum antibiotics in Italy, in order to improve the appropriateness of antibiotic prescriptions, with a particular attention to specific population subgroups (i.e. paediatric population, women and elderly). These interventions, according to the available evidence, should be based on a multilevel and multifaceted approach that includes elements such as clinical-based education, patient leaflets and posters, pharmacist advice, feedback to prescribers and clinician training in communication skills [26-27-7]. A recent systematic review found that that strategies to reduce inappropriate demand and access to antibiotics appear to have a quantifiable impact primarily on antibiotic consumption, although the long-term sustained impact of these policies should be evaluated [28].
A clear result on the reduction of fluoroquinolones consumption was determined by an EMA regulatory intervention on the restriction of use of these drugs [14]. Other interventions based on different strategies should be added to the restrictive actions on specific classes of antibiotics, to avoid that consumption simply moves from one type of antibiotic to another one rather than obtaining a real overall reduction [27].
Ad hoc communication campaigns (as already done in the past) aimed at informing and raising awareness among the general population on the problem of excessive use of antibiotics and bacterial resistance, are interventions with proven efficacy [26-27-7]. Another fundamental field of action concerns physicians, with particular attention to GPs for the adult population and children. The actions directed at physicians, as well as information, training and the production of guidelines, include the collection and the timely feedback of surveillance results on antibiotic use and antimicrobial resistance [26-27]. The coordination activities at central national level are necessary but it is also essential to involve the local health services and stakeholders that allow the implementation of the necessary actions, considering the peculiarities of each operating context [26-27].
The data included in the present study can provide useful information to guide decision makers in the different settings in applying the tailored interventions and to monitor the impact of the PNCAR. Other countries, within the strategies to counter the rise in AMR, have published national report to monitor the antibiotics’ consumption [29]. Data included in the present study refers to the consumption in the whole Italian population, in the different geographic areas and regions and in specific sub-populations and, finally, allow the monitoring of the consumption in the medium-long term. Nevertheless, the study presents some limitations: the first one refers to the lack of consumption data related to the private purchase. Moreover, the study doesn’t report data according to the diagnosis on a general population basis; in fact, the presented diagnosis data are limited to a network of 800 general practitioners. This limitation could be overcome by implementing the systematic collection of diagnosis data (e.g. DRGs - Diagnosis-Related Groups) for outpatient prescriptions, as already planned in some areas of the country. Finally, data on consumption in the animal setting, that are not currently included in the national report, will be provided starting since 2020, as indicated in the objectives of the PNCAR. 

Conclusion
In conclusion, although the situation regarding the use of antibiotics in Italy in 2018 indicates an excessive use of these drugs with considerable geographical differences, there is a significant downward trend in the various areas of the country and age groups that affects all classes of antibiotics. This result shows that there is an effort at central and local level, albeit with differences between regions, which must be valued and intensified. In this perspective it could be useful to identify the activities and the best practice implemented locally that could be exported to other areas of the country. 
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Figures legends:
Figure 1. Regional variability in the consumption of antibiotics (DDD/1000 inhab. die) by ATC III level in 2018
Figure 2. Consumption and prevalence of use of antibiotics (J01) in community setting by age and gender in Italy in 2018
Figure 3. Trend on monthly basis of the consumption of antibiotics (J01) in Italy in the period 2014-2018
Figure 4. Correlation between consumption (DDD/1,000 inhab. die) of antibiotics (J01) and incidence of flu syndrome in the period 2014-2018
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