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a b s t r a c t 

Objective: Antimicrobial resistance (AMR) poses a significant and growing threat to public health globally, 

with Italy facing some of the highest resistance rates in Europe. This manuscript reviewed recent Italian 

intervention studies aimed at mitigating AMR across bacterial, fungal, and viral domains. 

Methods: Strategies including antimicrobial stewardship (AMS), infection prevention and control (IPC), 

antifungal stewardship (AFS), and diagnostic advancements were evaluated. The evidence highlighted 

both the promise and limitations of Italy’s current approach. 

Results: While AMS and IPC programs have reduced antibiotic use, healthcare-associated infections, and 

costs, regional disparities, inconsistent implementation, and limited longitudinal surveillance remain crit- 

ical challenges. The fungal resistance landscape is marked by rising threats like Candida auris, requiring 

urgent expansion of AFS programs. Italy’s AMR strategy would benefit from improved IPC infrastructure, 

realtime data integration, and alignment with One Health principles. 

Conclusions: Strengthening national coordination, supporting innovation, and translating surveillance into 

action at the local level are crucial for turning policy into measurable progress. This review provides 

actionable insights to guide a more unified and responsive national AMR framework. 

© 2026 Published by Elsevier Ltd on behalf of International Society for Antimicrobial Chemotherapy. 

This is an open access article under the CC BY-NC-ND IGO license 

( http://creativecommons.org/licenses/by-nc-nd/3.0/igo/ ) 
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. Introduction 

.1. Antimicrobial resistance 

Antimicrobial resistance (AMR) is a phenomenon that occurs 

hen infectious pathogens are no longer sensitive to the action 

f antimicrobial drugs and manifest resistance, potentially becom- 

ng capable of causing severe disease. To date, the phenomenon of 
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MR represents one of the major health problems worldwide [ 1 ]. 

everal causes have led to the problem of AMR in recent years, the 

ain ones being the inappropriate use of antimicrobials, combined 

ith limited development of new antimicrobial molecules, the lack 

f application of appropriate counter strategies and appropriate in- 

ection control, inadequate vaccination policies, and increased in- 

ernational travel [ 2 ]. The World Health Organization (WHO) listed 

MR as one of the top 10 threats to human health in 2019 [ 3 ].

t is clear, therefore, that the phenomenon of AMR must be ur- 

ently and adequately contrasted by all health systems, in a syn- 

rgetic manner and in a holistic One Health view, which considers 

he context of human health interconnected with that of the envi- 

onment and the animal world [ 4 ]. 

.2. Objective 

Given that Italy is one of the Western countries with the high- 

st prevalence of microbiological resistance and the significant im- 

lications for healthcare, due to the need to highlight new evi- 

ence in the field, this manuscript analysed the burden of AMR, 

ith sections dedicated to bacterial, fungal, and viral resistance, 

ocusing on interventions adopted in Italy over the last decade. It 

ighlighted innovative Italian strategies for mitigating AMR, such 

s intervention studies and innovative strategies introduced in 

taly, not only from a clinical perspective but also from that of poli- 

ies and funding applied by public decision-makers. Finally, a focus 

as made on the main categories of patients who are at risk of re-

istance due to the conditions they suffer from: patients affected 

y cystic fibrosis (CF) and those by cardiovascular diseases (CVD). 

.3. Epidemiology 

The growing challenge of AMR is now recognised as a global 

ublic health emergency that requires concerted effort s by all 

takeholders. The recent WHO document reported that country 

articipation in the WHO’s Global System for Surveillance of An- 

imicrobial Resistance and Use has quadrupled since 2016, al- 

hough regional gaps remain. The rise of antibiotic resistance in 

ram-negative bacterial pathogens poses a growing threat. Coun- 

ries with limited surveillance often report higher levels of an- 

ibiotic resistance [ 5 ]. Epidemiological data irrefutably demonstrate 

hat AMR is associated with increased mortality among individ- 

als and prolonged hospitalisation times, with major repercus- 

ions on the health economies of countries, especially in low- 

ncome countries where the burden of infectious diseases is much 

igher. In fact, recent studies have highlighted the growing im- 

act of AMR even in low- and middle-income countries, where 

ealth infrastructures are often unprepared to address this health 

mergency [ 5 , 6 ]. An important study emphasizes the significant 

ealthcare-associated burden of infections caused by multiresis- 

ant organisms across Europe [ 7 ]. The burden for the EU and 

EA was highest in infants (aged < 1 y) and people aged 65 y or

lder. It had increased since 2007 and was highest in Italy and 

reece. EARS-Net data indicate that, as in previous years, AMR 

evels remained high in the EU/EEA in 2023. Increases were ob- 

erved in the estimated incidence of bloodstream infections caused 

y resistant bacteria in the EU for many antimicrobial groups 

nder surveillance. These include antimicrobial-resistant Klebsiella 

neumoniae (excluding carbapenem-resistant strains), vancomycin- 

esistant Enterococcus faecium , and Pseudomonas aeruginosa re- 

istant to piperacillin-tazobactam, ceftazidime, and carbapenems. 

he highest estimated incidences of antimicrobial-resistant blood- 

tream infections were generally reported by countries in Southern 

r Southeastern Europe [ 8 ]. In 2023 in Italy, according to the Ital-

an Medicines Agency report, the total consumption of antibiotics 
289
or systemic use was 22.4 average daily doses per thousand inhab- 

tants, an increase of 5.4% compared to 2022 [ 9 ]. The consumption 

f antibiotics for nonsystemic, i.e. local, use, which amounted to 

8 average daily doses per 10 0 0 inhabitants, showed an increase 

f 4.3% compared to 2022. The report also indicates that 54.4% of 

rescriptions concerned antibiotics belonging to the ‘Access’ group, 

.e. those that should be used as first or second choice treatment 

or the most frequent infections due to a lower risk of generating 

esistance [ 10 ]. 

. Italian intervention studies and AMR 

.1. Antibacterial resistance 

AMR represents a growing threat to public health, and bacte- 

ial resistance accounts for a substantial share of morbidity, mor- 

ality, and economic burden. In the last decade, Italy has imple- 

ented several targeted strategies, including antimicrobial stew- 

rdship (AMS), infection prevention and control (IPC), and diagnos- 

ic stewardship interventions, particularly over the past decade. 

.2. Antimicrobial and diagnostic stewardship 

A pilot AMS program carried out between 2013 and 2015 in 

wo community hospitals demonstrated notable improvements: 

ppropriate antibiotic prescriptions increased by 6.4%, with flu- 

roquinolone and glycopeptide appropriateness rising by 16.2% 

nd 17.4%, respectively. Methicillin-resistant Staphylococcus aureus 

MRSA) incidence declined significantly ( P < 0.0037) [ 11 ]. In an- 

ther initiative, a network-based, multifaceted AMS program in 

even Italian intensive care units (ICUs) reduced total antibiotic 

onsumption and multidrug resistance rates without compromising 

atient safety [ 12 ]. In addition, a study carried out in a community 

ospital in southern Italy reported a 4.8% reduction in antibiotic 

onsumption, a 23% cost reduction per discharged patient, shorter 

ength of stay, fewer ICU admissions, and reduced infection-related 

ortality [ 13 ]. Diagnostic stewardship, especially the deployment 

f rapid molecular methods and multiplex PCR for bloodstream in- 

ections, has streamlined antimicrobial use. Though no specific Ital- 

an RCT has yet been published on this, emerging evidence sup- 

orts its inclusion as core AMS component [ 14 ]. 

.3. Infection prevention control 

IPC strategies targeting MDROs have also yielded significant 

esults. In a teaching hospital in Southern Italy, outbreak con- 

rol measures, including cohorting, dedicated staff, contact pre- 

autions, environmental cleaning, and active surveillance, curbed a 

arbapenem-resistant Acinetobacter baumannii outbreak in the ICU 

 15 ]. In Modena, a five-component infection-control bundle per- 

anently eliminated transmission of carbapenem-resistant A. bau- 

annii , demonstrating sustainability of aggressive IPC [ 16 ]. A per- 

uasive educational AMS intervention in a Southern Italian univer- 

ity hospital showed that interruption of the program was followed 

y increased fluoroquinolone and piperacillin/tazobactam prescrip- 

ion. The wards where stewardship lasted less than 30 months 

aw significant upticks in overall antibiotic consumption (CT 12.9, 

 = 0.022), whereas longer-running programs maintained stable 

sage [ 17 ]. Variability in AMS and IPC models across Italian re- 

ions persists, with not always a consistent integration into na- 

ional frameworks. 

.4. Italian strategies to mitigate ABR 

Surveillance data gathering and utilisation remain uneven de- 

pite periodic national reporting. Longitudinal impact assessments 
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f AMR reduction due to stewardship remain sparse [ 18 ]. The 

OVID-19 pandemic significantly disrupted stewardship programs. 

ith the aim to overcome these gaps, the Italian National Plan to 

ombat Antibiotic Resistance has gathered experts to structure an 

BS document to be implemented in all Italian regions in a ho- 

ogeneous and harmonized way [ 19 ]. Overall, Italian intervention 

tudies over the past decade illustrate that AMS and IPC initiatives 

an effectively reduce broad-spectrum antibiotic use, optimize pre- 

cribing practices, control MDRO outbreaks, and cut healthcare 

osts. However, a lack of standardized national integration, incom- 

lete surveillance linkage, and limited longitudinal resistance trend 

tudies highlight crucial gaps. Leveraging the Italian experience –

articularly in One Health frameworks and under the WHO/UN 

uadripartite joint action on AMR via the TrACSS platform – can 

nform stronger, more coordinated intervention strategies both do- 

estically and internationally. 

.5. Antifungal resistance 

In recent years, invasive fungal infections (IFI) have become 

 growing global health concern [ 20 , 21 ], with a marked increase

n resistance, including the rapid spread of Candida auris and the 

mergence of resistant strains like fluconazole-resistant Candida 

arapsilosis and azole-resistant Aspergillus fumigatus [ 22 ]. Despite 

his clear threat, there are still significant gaps in the knowledge 

f IFI management among physicians [ 23 ], highlighting the urgent 

eed for increased awareness and antifungal stewardship (AFS) 

rograms [ 24 ], consisting in multidisciplinary interventions to op- 

imise antifungal therapies, evaluating the indication, dose, stream- 

ining, and duration [ 25 , 26 ]. 

.6. AFS and interventions 

In Italy, there has been progress in addressing these issues, but 

ffort s are still fragmented. A review of Italian literature over the 

ast decade reveals that AFS programs, in contrast to more es- 

ablished AMS initiatives, are less widespread and mainly inte- 

rated within broader antimicrobial strategies [ 27 ], often without 

 specific focus on fungal resistance. This gap in research needs to 

e addressed, particularly given the growing concern over C. au- 

is , a multidrug-resistant pathogen that has surged in Italy dur- 

ng the COVID-19 pandemic, causing multiple outbreaks [ 28 ], re- 

ulting in national effort s to cont ain it s spread, and underscoring 

he importance of AFS programs, especially during pandemic peri- 

ds [ 29 ]. Yet, outbreak management in Italy has shown significant 

entral variability in infection prevention strategies, underscoring 

he urgent need for greater standardization at national and inter- 

ational levels [ 19 ]. Notable examples of AFS intervention studies 

n Italy have demonstrated their potential: for instance, in a solid 

rgan transplant centre, AFS programs led to significant improve- 

ents in antifungal selection (from 40.5% to 78.6%), correct dosing 

from 51.2% to 79.8%), and appropriate treatment duration (from 

5.9% to 75%), along with a 36.7% reduction in antifungal con- 

umption and substantial cost savings [ 30 ]. Additionally, in ICU set- 

ings, a prospective interventional study has assessed the utility of 

 post-prescription audit combined with early beta- d -glucan test- 

ng, showing a significant reduction in echinocandin therapy dura- 

ion in patients with suspected invasive candidiasis (7.4 d pre-AFS 

s. 4.1 d post-AFS), without any impact in patients’ outcome [ 31 ]. 

oreover, the use of a beta- d -glucan-guided strategy to stop em- 

irical antifungal treatment in critically ill patients has been eval- 

ated in a single-centre, randomized, open-label trial in Italy. The 

ntervention significantly reduced antifungal therapy duration (2 

s. 10 d) and increased stopping rates, without affecting mortality, 

upporting beta- d -glucan as a useful AFS tool to guide antifungal 

herapy discontinuation [ 32 ]. However, while AFS diagnostic tools, 
290
ncluding beta- d -glucan and molecular tests, are integrated into 

linical practice in most Italian centres [ 33 ], studies formally eval- 

ating their impact on antifungal resistance trends remain scarce. 

ncorporating AFS into both national and international AMR strate- 

ies is essential to tackle this escalating public health concern [ 34 ]. 

.7. Antiviral resistance 

Resistance to antiviral drugs is a growing and important prob- 

em, especially in immunocompromised patients, where the possi- 

le eradication of the virus imposes greater risks to the patient’s 

ealth, and prolonged exposure to antiviral drugs induces the se- 

ection of resistant strains. Antivirals represent a drug category of 

reat importance in human medicine, as there are limited treat- 

ent options for specific viral diseases. Viral evolution always in- 

olves new mutations, and those that confer drug resistance are 

f particular interest for public health: in cases where treatment 

s not sufficiently effective, or some genomes continue to replicate, 

elective pressure may lead to rapid adaptation towards resistance. 

.8. Antiviral treatments 

Antiviral drugs that inhibit viral DNA replication are commonly 

sed for HSV infections and for preventive treatment [ 35 , 36 ]. The

linical implications of antiviral-resistant HSV infections are linked 

o a higher risk of the direct effects of the viral infection. In 

act, uncontrolled viral replication that is resistant to the antivi- 

al agents used can lead to progressive and sometimes fatal inva- 

ive HSV disease [ 37 ]. Some strategies are important for treating 

ertain resistant HSV strains, such as the use of topical imiquimod, 

n immunomodulating agent, or topical cidofovir, which have been 

uccessfully used to treat certain cases of drug-resistant mucocu- 

aneous HSV infections [ 38 ]. Topical treatments avoid the potential 

ephrotoxicity of systemically administered agents. In addition, the 

anagement of drug-resistant HSV in immunocompromised pa- 

ients should include efforts to improve the patient’s immune sta- 

us. 

.9. Effectiveness of treatments in reducing viral load 

However, the most powerful weapon available to counter resis- 

ant HSV forms is vaccination [ 39 ]. In recent years, Italy has imple-

ented strong vaccination policies in this direction. Over the past 

ecades, treatments for HIV have become increasingly effective in 

lowing the development of drug resistance to the point that some 

atients can be treated for many years without resistance issues. 

owever, mutations in one of the two main classes of anti-HIV 

rugs – the nucleoside reverse transcriptase inhibitors (NRTIs) and 

he non-nucleoside reverse transcriptase inhibitors – are not un- 

ommon in infected patients. Resistance to protease inhibitors is 

arer [ 40 ]. If viral genotyping is performed and a fully effective 

ombination of drugs is chosen, treatment success rates are ex- 

remely high. Epidemiological studies show that selecting an active 

nd effective drug combination against HIV infection is essential 

or viral load suppression [ 41 ]. In low-income countries, patients 

ith transmitted drug resistance may start ART regimens that are 

ot sufficiently strong, since viral genotyping is usually unavailable 

nd transmitted resistance goes undetected. Inadequate treatment 

egimens will be less effective at reducing viral load, which in turn 

an lead to the development of multiclass drug resistance [ 42 , 43 ].

IV drug resistance testing should be performed at the time of HIV 

iagnosis or, if that is not possible, before starting antiretroviral 

rug treatment, in order to select the best available drug regimen, 

deally tailored to each individual patient [ 44 ]. 
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.10. Italian strategies to mitigate AVR 

In Italy, a robust public health surveillance system has been 

onitoring HIV infections and the development of drug-resistant 

trains for years [ 45 ]. In recent years, antiviral therapy against 

CV has undergone a therapeutic revolution with the introduc- 

ion of direct-acting antivirals (DAAs). Although a very high per- 

entage of patients treated with these drugs achieve complete vi- 

al eradication, DAA resistance remains a significant issue. Most 

ata on HCV drug resistance primarily concern genotypes 1 and 

. The emergence of resistance-associated substitutions (RASs) im- 

acts antiviral response rates. Several RASs in NS3, NS5A, and NS5B 

ave been linked to reduced susceptibility to DAAs. The main fac- 

ors associated with DAA failure include treatment adequacy, geno- 

ypes 1 and 3, comorbidities, NS5A RASs, and disease severity (e.g. 

irrhosis) [ 46 ]. Combining new broad-spectrum drugs with high 

enetic barriers to resistance and strong antiviral potency may 

vercome the resistance problem. Furthermore, genotypic analysis 

sing next-generation sequencing can rapidly identify individual- 

pecific substitutions within the viral species of interest. Drug- 

pecific RASs detected through next-generation sequencing could 

elp reduce significant resistance with existing DAA regimens. In 

he scenarios described above, RAS testing can help guide treat- 

ent choices [ 47–49 ]. In Italy, following the WHO’s goal of elimi- 

ating HCV infection by 2030, major investments have been made 

n recent years in innovative antivirals and diagnostic tests to fight 

CV infections. Since 2017, universal access to antiviral drugs, as 

art of the national HCV Elimination Plan, has made it possible to 

dentify and effectively treat over 20 0 0 0 0 patients with chronic 

epatitis C infection, the highest number of treated patients in Eu- 

ope [ 50–52 ]. 

. European and Italian policies introduced to tackle AMR 

.1. Focus on new antimicrobial agents 

Antibiotic resistance is a major global public health challenge, 

ompromising the effectiveness of available therapies and increas- 

ng infection-related mortality [ 53 , 54 ]. As illustrated in Fig. 1 ,

o address this crisis, research focuses on both the development 

f new antibiotics and alternative strategies for infection control 

nd AMR reduction. During the ‘golden era of antibiotics’ (1940–

960), most of the antibiotic classes used today were discovered. 

owever, in the 50 y following their introduction, only few new 

olecules have been introduced to the market [ 55 ]. In fact, over 

ime, it has been recorded a steady decline in new antibiotic ap- 

rovals, with only 13 new drugs and new nontraditional antibacte- 

ial agents approved between 2017 and 2023. The WHO has estab- 

ished four critical innovation criteria for the development of new 

ntibiotics: novelty in chemical class, molecular target, mode of ac- 

ion, and the absence of cross-resistance with current antibiotics. 

o far, only 2 of the 13 recently approved antibiotics have met 

t least one of the WHO’s innovation standards: the combination 

f vaborbactam-meropenem and lefamulin [ 56 ]. These two antibi- 

tics were also approved by the Italian Medicines Agency (AIFA) 

n 2018 and 2020, respectively [ 57 , 58 ]. Vaborbactam-meropenem 

s a combination of 2 molecules: an old carbapenem and a novel 

yclic boronic acid-based β-lactamase inhibitor. This antibiotic is 

ndicated for the treatment of adult patients with complicated uri- 

ary tract infections (UTI), complicated intra-abdominal infection, 

nd hospital-acquired pneumonia, including ventilator-associated 

neumonia. Lefamulin belongs to a group of medicines called pleu- 

omutilins and is used to treat community-acquired pneumonia in 

dults. It interferes with bacterial RNA, blocking the production 

f bacterial proteins and preventing the bacteria from multiply- 

ng. Alongside the development of new antibiotics, potential an- 
291
imicrobial strategies such as antimicrobial peptides (AMPs) and 

robiotics are gaining attention. AMPs show a broad spectrum of 

ction and a lower propensity to generate resistance, making them 

otential candidates for infections sustained by multiresistant mi- 

roorganisms [ 59 ]. The combined use of probiotics and antibiotics 

as also shown promise in preventing antibiotic-associated infec- 

ions and reducing the risk of Clostridium difficile infection, partic- 

larly among patients taking 2 or more antibiotics and in hospi- 

al settings where the risk of C. difficile infection is ≥5% [ 60 ]. In

ddition, probiotics such as Lactobacillus rhamnosus GG could be 

sed with micronutrients (vitamins B and C and zinc) in the pre- 

ention of nosocomial gastrointestinal and respiratory infections, 

educing its incidence and the length of hospitalization [ 61 ]. At 

he European level, there are programmes such as Horizon Eu- 

ope 2021–2027, the funding framework programme for research 

nd innovation, which also allocates resources to conduct stud- 

es in the area of AMR, and EU4Health, which also provides for 

nvestments in this field. In Italy, after an initial allocation of 40 

illion euro, the government has decided to invest further in re- 

earch with a comprehensive plan that provides both incentives 

or research (‘push’ phase) and measures to ensure the economic 

ustainability of new antibiotics (‘pull’ phase). Moreover, the 2025 

talian budget law provides that new and recently approved an- 

imicrobial agents listed as Reserve under the AWaRe classification 

f the WHO or active against at least one pathogen considered a 

riority from the list will gain direct access to the national Fund 

or Innovative Non-Oncological Medicines. Within the Fund, up to 

UR 100 million a year is available to cover the reimbursement of 

hese antibiotics. 

.2. Italian policy and incentives 

To ensure effective action against AMR, it is necessary to define 

nd approve policies and strategies, foster their implementation, 

onitor their progress, and promote investment and research ac- 

ivities [ 62 ]. In Italy, the first National Action Plan (NAP) to counter 

MR was approved in 2017 and updated in 2022. The latest NAP 

dopts a multisectoral One Health approach and identifies four 

ey cross-cutting actions: (1) training; (2) information, communi- 

ation, and transparency; (3) research, innovation, and bioethics; 

nd (4) national and international cooperation [ 63 ]. These actions 

nderpin the pillars of the NAP, which include integrated surveil- 

ance and monitoring of antibiotic consumption and healthcare- 

ssociated infections, infection prevention in both hospital and 

ommunity settings, and the appropriate use of antibiotics in hu- 

an and veterinary medicine. The pillars and cross-cutting actions 

ogether support the six overarching goals of the NAP, which re- 

ect the One Health approach and address various aspects such 

s surveillance, promotion of good practices, professional training, 

ublic awareness, and international collaboration. Effective imple- 

entation of the plan requires strong coordination and collabora- 

ion between central institutions and local authorities. Given the 

tructure of the Italian National Health Service, regional govern- 

ents play a crucial role in translating and implementing national 

lans at the local level [ 64 ]. While this decentralization allows for 

reater autonomy, it also increases complexity and fragmentation, 

aking it challenging to ensure comprehensive governance of ac- 

ions and strategies at regional and hospital levels. Transparency, 

armonization, accountability, and leadership should guide effort s 

o combat AMR, enabling the identification of shortcomings and 

he implementation of corrective actions through close cooperation 

mong central government, hospitals, and local health agencies to 

nsure consistent governance across the system [ 65 ]. In addition 

o policy implementation focused on strengthening epidemiologi- 

al surveillance and raising awareness of appropriate antibiotic use, 

ncentive mechanisms, both ‘pull’ and ‘push’, play a key role. Italy 
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Fig. 1. Main strategies and therapeutic innovations introduced to the Italian market to combat AMR. 
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erves as a positive example in this regard, having funded in 2025 

he Combating Antibiotic-Resistant Bacteria Biopharmaceutical Ac- 

elerator (CARB-X) partnership and included reserve antibiotics, as 

ell as those effective against at least one WHO-priority pathogen, 

n the Innovative Medicines Fund [ 66 , 67 ]. 

.3. Tracking progress on AMR and TrACSS database 

TrACSS, which stands for Tracking Progress on Antimicrobial Re- 

istance, is an annual reporting tool administered by the WHO 

n behalf of the Quadripartite collaboration – comprising the 

ood and Agriculture Organization (FAO), the United Nations En- 

ironment Programme (UNEP), the World Organisation for Animal 

ealth (WOAH), and WHO itself [ 68 ]. Countries use the tool to re-

ect on their progress in areas such as national planning, surveil- 

ance, infection control, and responsible antimicrobial use, with a 

ocus on the One Health approach [ 69 ]. As useful as TrACSS can

e, it has its limits. It relies on countries assessing their own per- 

ormance, which can lead to over- or underestimations. The de- 

criptions used are broad, making it hard to pinpoint how much 

ctual progress has been made year to year. And since the sur- 

ey is only done annually, it misses developments that happen 

ore quickly. Finally, it tends to give a national picture, without 

howing regional differences that can be very important [ 69 ]. Italy 

oved from basic coordination to a more integrated approach by 

023. This shift is encouraging, but a small dip in 2024 suggests 

hat keeping different sectors engaged over time is still a chal- 

enge. The process needs long-term commitment, not just short- 

erm momentum. One contextual advantage Italy holds in this area 

s that both human and animal health fall under the responsibility 

f the same ministry – the Ministry of Health [ 70 , 71 ]. This insti-

utional arrangement naturally supports a more streamlined and 
292
oordinated One Health approach, compared to countries where 

esponsibilities are split across multiple agencies. Italy has moved 

n the right direction. The action plan was not only approved but 

acked with funding by 2023. AMR must be a part of how the 

ountry prepares for future health emergencies [ 72 ]. Focusing on 

MR surveillance, Italy has kept a steady hand here. The surveil- 

ance system is well-established but hasn’t evolved much. The next 

tep could be expanding the scope of what is tracked and improv- 

ng how data feeds into real-time decision-making. Italy’s response 

s more hesitant on the issue of IPCs. After starting with an op- 

rational IPC framework, the country slipped back. By 2022, there 

as no functioning program in place. Given how central IPC is to 

top the spread of resistant infections, this is a serious risk. In the 

eld of AMS, Italy has wavered between issuing guidelines and 

dopting full policies. The most urgent task is to rebuild and in- 

est in IPC. Without it, even the best surveillance or plans won’t 

top resistance from spreading. Italy also needs to lock AMR into 

ts broader public health strategy – including preparedness for fu- 

ure outbreaks. And while national policies matter, they should be 

atched by specific action in hospitals, clinics, and communities 

 73 ]. 

. Focus on diseases 

.1. Multidrug-resistant bacterial infection in older CVD patients 

CVDs are the leading cause of mortality in Europe and Italy, 

ccounting for 45% of total deaths [ 74 ]. They represent a signifi- 

ant healthcare burden, particularly in older patients who experi- 

nce a higher incidence of CVD [ 75–77 ]. Older CVD patients are 

ighly susceptible to MDR infections due to prolonged hospital- 

zations, ICU admissions, invasive procedures (such as cardiac im- 
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Table 1 

Main intervention studies to combat AMR in Italy over the last decade. 

Study Focus on intervention Main results 

Bianco et al. [ 15 ] IPC strategies targeting MDROs A patient presented an XDRAB ventilator-associated pneumonia at admission. Five patients had a 

ventilator-associated pneumonia, and two had a central line-associated bloodstream infection 

Bolla et al. [ 11 ] Antimicrobial stewardship Appropriate antibiotic prescriptions increased by 6.4% 

De Pascale et al. 

[ 32 ] 

Duration of treatment The intervention significantly reduced antifungal therapy duration and increased stopping rates, without 

affecting mortality, supporting AFS with beta- d -glucan 

Mularoni et al. [ 30 ] Antifungal stewardship AFS programs led to significant improvements in antifungal selection, correct dosing, and appropriate 

treatment duration 

Macera et al. [ 17 ] Antimicrobial stewardship The wards saw significant upticks in overall antibiotic consumption (CT 12.9, P = 0.022); longer-running 

programs maintained stable usage 

Meschiari et al. 

[ 16 ] 

Infection prevention control Acinetobacter baumannii transmission was eliminated 

Murri et al. [ 31 ] Duration of treatment Early beta- d -glucan testing showed a significant reduction in echinocandin therapy duration in patients 

with suspected invasive candidiasis, without any impact in patients’ outcome 

Mandelli et al. [ 12 ] Antimicrobial stewardship The median duration of empirical therapy decreased from 5.6 to 4.6 d and the use of quinolones dropped 

from 15.3% to 6%. The proportion of MDR in ICU-acquired infections fell from 57.7% to 48.8% 

Albano et al. [ 13 ] Antimicrobial stewardship 4.8% reduction in antibiotic consumption, a 23% cost reduction per discharged patient, reduced 

infection-related mortality 
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lantable electronic devices and mechanical ventilation), coloniza- 

ion with resistant pathogens, and broad-spectrum antibiotic use 

 78–80 ]. Both stroke and acute coronary syndrome trigger sys- 

emic inflammatory responses, leading to immune dysregulation 

 81 , 82 ]. Notably, stroke-induced immunodepression syndrome pre- 

isposes individuals to secondary infections such as pneumonia, 

TIs, and bloodstream infections [ 82 ]. Additional risk factors – in- 

luding diabetes, chronic kidney disease, and malnutrition – fur- 

her impair immune responses, exacerbating the risk of MDR infec- 

ions [ 83 ]. Infections in these patients are often caused by highly 

esistant bacterial strains, including K. pneumoniae, P. aeruginosa, A. 

aumannii , MRSA, and Enterobacter cloacae [ 84 , 85 ]. Stroke patients 

ith dysphagia are particularly vulnerable to aspiration pneumo- 

ia, frequently caused by MDR K. pneumoniae and P. aeruginosa 

 84 ]. Recent ECDC data indicate that among ICU patients staying 

or more than 2 d, 4% develop ventilator-associated pneumonia, 

% bloodstream infections, and 2% UTIs [ 85 ]. A multicentre Ital- 

an study reported that higher AMR in severe acquired brain in- 

ury patients is associated with poor prognosis and poor functional 

utcomes [ 86 ]. Among patients undergoing cardiac surgery, the in- 

idence of MDR infections ranges from 0.6% to 10%, with MDR in- 

ections linked to higher mortality rates and more severe illnesses 

ompared to non-MDR infections [ 87 ]. Moreover, infections involv- 

ng pacemakers, implantable cardioverter-defibrillators, and cardiac 

esynchronization therapy devices are particularly challenging to 

anage. These infections occur in 1% to 4% of recipients but are 

ssociated with a threefold increase in mortality within 12 months 

 88 ]. Given the significant impact of MDR infections on mortal- 

ty and rehabilitation, a multifaceted prevention strategy is es- 

ential. This includes early detection, microbial surveillance, and 

trict infection control measures. In particular, routine screening 

or MDR pathogens, including rectal K. pneumoniae carbapenemase 

olonization, should be performed upon admission and biweekly 

hereafter [ 89 ]. Healthcare staff education and strict adherence to 

and hygiene protocols, as well as contact isolation and geograph- 

cal segregation of MDR-infected patients in hospitals, can mini- 

ize pathogen transmission [ 89 ]. For implantable devices, major 

ardiac implantable electronic device infections can be reduced by 

0% using innovative preventive interventions such as absorbable 

ntibacterial envelopes, which contain rifampicin and minocycline 

 90 ]. Cost-effectiveness analyses suggest their use aligns with Eu- 

opean healthcare benchmarks, making them a valuable strategy 

or reducing infections and associated healthcare costs [ 91 , 92 ]. 

.2. AMR and CF 

CF is a chronic genetic disorder that primarily affects the lungs 

nd digestive system, leading to thick, sticky mucus buildup in 
293
he airways. This creates an environment conducive to persis- 

ent bacterial infections. Over time, individuals with CF experi- 

nce recurrent respiratory infections, often caused by opportunis- 

ic pathogens such as P. aeruginosa, S. aureus , and Burkholderia 

epacia . The frequent and prolonged use of antibiotics to manage 

hese infections has contributed to the emergence of AMR. One of 

he most concerning drug-resistant pathogens in CF is P. aerugi- 

osa , which can form biofilms. Biofilms shield bacteria from an- 

ibiotics and immune responses. Over time, P. aeruginosa can de- 

elop MDR through several mechanisms, including efflux pumps, 

nzymatic degradation of drugs, and genetic mutations that al- 

er drug targets. Early intervention with inhaled antibiotics, such 

s tobramycin or colistin, is the first-line approach. Oral fluoro- 

uinolones, like ciprofloxacin, have shown a P. aeruginosa eradi- 

ation rate comparable to that of intravenous antibiotic treatment 

 93–95 ]. S. aureus , particularly MRSA, has become a prevalent con- 

ern in CF care. B. cepacia complex is another group of bacteria 

hat pose significant risks. The emergence of AMR in CF patients 

imits available treatment options. Some resistant bacteria can only 

e treated with last-resort antibiotics, such as colistin, which may 

ave toxic side effects. Another challenge is that standard antibi- 

tic susceptibility tests may not accurately predict treatment out- 

omes in CF. To address AMR in CF, researchers and clinicians are 

xploring alternative therapies and strategies, including person- 

lized antibiotic therapy. Phage therapy, involving bacteriophages 

hat specifically target bacteria, presents a promising alternative 

o traditional antibiotics [ 96–97 ]. Antibiofilm agents help disrupt 

iofilms, improving antibiotic penetration and effectiveness [ 98 ]. 

dditionally, the development of new antibiotics remains crucial 

o counteract resistant infections. 

. Discussion 

This review confirms that AMR in Italy mirrors the global emer- 

ency, but also shows that well-designed interventions can pro- 

uce measurable benefits when embedded in coherent national 

trategies. AMS and IPC programmes have reduced inappropriate 

se of broad-spectrum antibiotics, healthcare-associated infections, 

nd related costs in multiple Italian settings, including ICUs and 

ommunity hospitals. However, impact remains uneven because 

MS and IPC models are variably implemented across regions, 

urveillance is not fully integrated with routine decision-making, 

nd longitudinal evaluations of resistance trends are still limited. 

ungal and viral resistance represent critical, and partly under- 

ecognised, components of the AMR burden in Italy. Emerging AFS 

rogrammes have improved appropriateness of prescriptions and 

educed antifungal consumption and costs, but remain fragmented 

nd insufficiently standardised, despite the growing threat of C. au- 
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is and azole-resistant A. fumigatus . In the viral field, Italy’s ex- 

erience with HIV and HCV shows that strong surveillance, ac- 

ess to innovative antivirals, and genotypic testing can achieve 

igh treatment coverage, limit resistance emergence, and inform 

ore equitable policies. From a One Health perspective, Italy has 

dopted a multisectoral NAP and participates in international ini- 

iatives such as TrACSS, moving from basic coordination towards 

ore integrated governance of AMR across human, animal, and 

nvironmental health. Yet the lack of a fully functional national 

PC programme in recent years, together with persistent regional 

ragmentation, weakens the capacity to translate surveillance and 

lans into homogeneous implementation on the ground. The Ital- 

an policy framework and incentive mechanisms for new antimi- 

robials illustrate how regulatory and financial tools can support 

nnovation and access. Recent measures to include reserve antibi- 

tics and agents targeting WHO-priority pathogens in dedicated 

ational funds, alongside investments in research and partnerships 

uch as CARB-X, reduce economic barriers and can make the an- 

imicrobial market more attractive while ensuring availability of 

ritical drugs. At the same time, alternative approaches, includ- 

ng AMPs, probiotics, and AI-supported diagnostics and drug dis- 

overy, are promising but require robust evaluation, clear regula- 

ory pathways, and careful integration into stewardship strategies 

o avoid unintended consequences. Finally, some high-risk patient 

roups exemplify the clinical consequences of AMR and the need 

or tailored interventions. Older patients with CVD and people with 

F experience high rates of multidrug-resistant infections, which 

ompromise outcomes, prolong rehabilitation, and increase costs, 

nderscoring the importance of early detection, targeted preven- 

ion, and innovative technologies such as antibacterial envelopes 

nd phage or antibiofilm therapies. 

. Conclusions 

Italy has generated solid evidence that AMS, IPC, AFS, and ex- 

anded access to innovative antivirals can curb the impact of AMR 

hen consistently implemented. Future effort s should prioritise 

armonised AMS and AFS standards, restoration and reinforcement 

f a robust IPC framework, and real-time use of surveillance data 

o guide local action across regions and care settings. Policy levers 

nd dedicated funds must continue to support both truly innova- 

ive antimicrobials and alternative strategies, while ensuring their 

esponsible use. Embedding these interventions within a strength- 

ned One Health approach and focusing on high-risk groups such 

s older cardiovascular patients and individuals with CF will be 

rucial to achieve durable reductions in AMR and to inform inter- 

ational best practice ( Table 1 ). 
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