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Abstract
Background: Antimicrobial Resistance (AMR) is a growing concern and arises when conventional 
drugs become ineffective against germs. It is expected that in 2050 bacterial infections will be 
the leading cause of death, surpassing cancer and diabetes and it will be an economic burden 
worldwide. AMR is mainly caused by inappropriate use of antibiotics and at the same time 
and it is supported by a slow development of new antibiotics. Several studies demonstrated 
that Antimicrobial Stewardship Programs (ASPs) helped reduce antibiotic consumption and 
decrease AMR incidence.

Objectives: In this study, we aimed to evaluate the impact of ASPs on antibiotics consumption 
and AMR spread in a Southern Italy.

Methods: The new Antimicrobial Stewardship Committee of the hospital started applying 
infection control guidelines and WHO recommendations on antibiotic consumption. Antibiotic 
consumption, expressed in Defined Daily Dose (DDD)/100 bed-days and AMR spread were 
measured before and after ASPs.

Results: The results of the study showed a decreasing of both consumption of antibiotics, from 
52.1 to 38.6 DDD/100 bed-days and the rate of infections.

Conclusion: ASPs are an important measure in the fight against AMR, they have proven to limit 
its spread, reduce antibiotic consumption and lower healthcare costs.
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Introduction
Antimicrobial Resistance (AMR) arises when conventional 
drugs become ineffective against germs such as bacteria, fungi, 
viruses and parasites and second or third line treatments are 
required [1]. There are several major causes that contribute 
to its development and spread. Among them, we can find 
inappropriate use of antibiotics, which is the leading cause, 
inadequate infection prevention and control, massive use in 
agriculture and the lack of new antibiotic development in last 
years [2-4]. 

It is expected that in 2050 bacterial infections will be the 
leading cause of death, surpassing cancer and diabetes and it 
will be an economic burden worldwide [5]. This is why many 
healthcare organizations have taken several actions in the last 
years. In 2018, the World Health Organization (WHO) has 
raised awareness among the scientific community regarding 
the urgency of developing new drugs. WHO has classified 
antibiotic-resistant bacteria into three categories, according 
to the urgency of needs of new treatments: critical, high and 
medium priority [6,7]. A fair number of bacteria resistant to 
carbapenems and fluoroquinolones are included in this list, such 
as carbapenem-resistant Acinetobacter baumanii, Carbapenem-
Resistant Enterobacteriaceae (CRE), Carbapenem-Resistant 
Pseudomonas aeruginosa (CRPsA), fluoroquinolone-resistant 
Campylobacter spp. and fluoroquinolone-resistant Salmonellae 
and their impact on public health is significant.  Furthermore, 

antibiotics are not even safe drugs. The attention on antibiotics 
is also focused on their adverse events. For example, Committee 
for Medicinal Product for Human Use (CHMP) of the European 
Medicines Agency (EMA) imposed severe restrictions on the 
use of fluoroquinolones due to their potential and severe side 
effects [8]. 

In this contest, several studies have been shown that 
Antimicrobial Stewardship Programs (ASPs) can be an effective 
strategy and have a positive impact on antibiotic consumption, 
appropriateness of use, decrease in AMR incidence and side 
effects [9–12]. Consequentially, WHO has recommended the 
implementation of ASPs in hospitals to contain infections and 
antibiotic use [13]. In addition, the European Centre for Disease 
Prevention and Control (ECDC) has highlighted the importance 
of ASPs in reducing the inappropriate use of antibiotics [14]. 
Accordingly with European guidelines, in 2017, the Italian 
National Plan of Antimicrobial-Resistance Contrast (PNCAR) 
stated that ASPs were essential to reduce the inappropriate use 
of antibiotics and that a “One Health” approach was necessary 
[15]. PNCAR 2022-2025 has called on Italian hospitals to 
specifically reduce the consumption of fluoroquinolones and 
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carbapenems, as well as the total consumption of antibiotics 
[16]. Therefore, it is important to evaluate the impact of ASPs on 
antibiotic consumption and AMR spread in hospitals. 

In this study, we aim to measure the impact of ASPs on 
antibiotics consumption and AMR spread from May, 2023 to 
December, 2023 in a Southern Italy hospital. 

Material and Methods
This work compares AMR spread and antibiotic consumption 
of two different periods: The first, May, 2022- December, 2022 
(First Period-IP) and the second, May, 2023-December, 2023 
(Second Period-IIP). 

In March, 2023 an Antimicrobial Stewardship Committee was 
established in our hospital. The group consisted of clinicians, 
surgeons, pharmacists, nurses, an infectious disease physician, 
microbiologists and the hospital director.  Starting from May, 
2023 during each scheduled meetings, antibiotic consumption 
and AMR diffusion data were shown and interventions aimed at 
improving the situation were discussed and applied. For example, 
the antimicrobial stewardship group provided educational 
interventions on hand hygiene, environmental cleaning and 
prophylaxis treatment in accordance with ESCMID guidelines 
[17]. 

Active Screening Culture (ASC) and Passive Screening Culture 
(PSC) were firstly enhanced between IP and IIP, according to 
ESCMID guidelines [17]. ASC consisted in programming rectal 
swabs for CRE and nasal swabs for Methicillin-Resistant 
Staphylococcus aureus (MRSA) on all surgical patients; PSC 
was used instead to detect CRPsA, MRSA, Pandrug-Resistant 
(PDR) bacteria and Vancomycin-Resistant Enterococcus 
(VanA).

From April, 2023 onwards, a change was made in the way 
meropenem and fluoroquinolones were prescribed. Previously, 
physicians were allowed to mention just the therapeutic 
indication in the prescription. Instead, since May, 2023 
physicians can only prescribe meropenem if the infection falls 
under the WHO recommendations mentioned in “The AWaRe 
Book” [18]. These recommendations include sepsis and septic 
shock, bacterial meningitis, non-responsive to Piperacillin/
Tazobactam (PT), severe cases of abdominal infection 
complicated by sepsis, Extended-Spectrum Beta-Lactamase 
(ESBL) infection, febrile neutropenia and non-responsive to 
PT pneumonia. Ciprofloxacin and levofloxacin can only be 
prescribed if the germ sensitivity is certified by an antibiogram 
or if the patient is allergic to beta-lactams.

Clinical microbiology laboratory data for ASC and PSC were 
used to calculate the incidence rates of Antimicrobial Resistance 
(AMR) during inpatient (IP) and outpatient (IIP) care. The 
study focused on bacteria such as CRE, CRPsA, MRSA, PDR 
and VanA. Both hospitalizations and data consumption were 
obtained from hospital database. 

Hospitalizations were evaluated across all departments. 
Consumption of antibiotics was standardized using the 
Anatomical Therapeutic Chemical (ATC) classification system 
and the Defined Daily Dose (DDD) of antibiotics was calculated 

according to the WHO Collaborating Centre for Drug Statistics 
Methodology [19]. Finally, the number of hospitalizations 
was matched with DDD to express antibiotic consumption in 
DDD/100 bed-days, as requested by the PNCAR 2022-2025 
guidelines [16]. T-test and chi-square test were conducted, as 
appropriate. Statistical Package for the Social Sciences (SPSS) 
is the software used for data analysis.

Results
The number of rectal swabs for detecting CRE and nasal swabs 
for MRSA increased by 102.7% and 117.3%, respectively, 
between IP and IIP. However, the positivity rate decreased from 
5.5% to 4.8% for CRE (p-value>0.05) (Figure 1) and from 
3.2% to 1.1% for MRSA (p-value<0.05) (Figure 2). On the 
other hand, PSC activity showed a significant decrease in the 
number of infections. There was a reduction of 60.0% in CRPsA 
infections, 40.4% in MRSA infections, 21% in PDR infections 
and 37.5% in VanA infections between IP and IIP.

Figure 1. Rectal swab for Carbapenem-Resistant Enterobacteriaceae 
(CRE) detection during IP and IIP. Note: ( ) ⅠP; ( ) ⅠⅠP

Figure 2. Nasal swab for Methicillin-Resistant Staphylococcus aureus 
(MRSA) detection during IP and IIP. Note: ( ) ⅠP; ( ) ⅠⅠP

The number of patients admitted to hospitals increased from 
109,584 to 135,874, which is a 24% increase. However, during 
the same period, the total usage of antibiotics decreased from 
52.1 to 38.6 (p-value<0.05) DDD (Defined Daily Doses) per 
100 bed-days. Specifically, the use of meropenem decreased 
from 1.6 to 1.0 (p-value<0.05) DDD/100 bed-days (-35.9%), 
ciprofloxacin decreased from 2.5 to 0.5 (p-value<0.05) 
DDD/100 bed-days and levofloxacin decreased from 4.8 to 
0.5 (p-value<0.05) DDD/100 bed-days. The most significant 
change was seen in the usage of cefazolin, which decreased 
from 4.5 DDD/100 bed-days (p-value<0.05) to 1.6 DDD/100 
bed-days (-64.4%).
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meropenem and fluoroquinolones indications: Meropenem can 
only be prescribed according to “The WHO AWaRe (Access, 
Watch, Reserve) Book” indications and fluoroquinolones only 
if the germ sensitivity is certified by an antibiogram or if the 
patient is allergic to beta-lactams [18]. Furthermore, AMR 
spread was measured with Active Screening Culture (ASC) and 
Passive Screening Culture (PSC). Antibiotic consumptions are 
expressed according to ATC/DDD classification and divided 
for 100 bed-days, as PNCAR specifies; incidence rates of CRE, 
CRPsA, MRSA, PDR and VanA are calculated to indicate 
AMR spread [16,19]. The results showed that - despite a higher 
number of hospitalizations during the intervention period, the 
DDD/100 bed-days decreased from 52.1 to 38.6 (p-value<0.05). 
Additionally, rectal swabs for CRE and nasal swabs for MRSA 
increased by 102.7% and 117.3%, respectively and the positivity 
rate decreased from 5.8% to 5.0% for CRE and from 3.3% to 
1.1% for MRSA.

Conclusion
In conclusion, antibiotic resistance is a complex issue that 
requires a comprehensive approach involving governments, 
healthcare providers, industries and individuals. ASPs are an 
important measure in the fight against AMR. They have proven 
to reduce antibiotic consumption, lower healthcare costs and 
limit the spread of AMR. Specifically, ASPs applied in our 
hospital demonstrated that rapid effects on reducing antibiotic 
consumption and limiting AMR spread could be obtained in few 
months. Furthermore, it is possible to notice how the decrease in 
antibiotics has led to a decrease in positivity rates in screening 
activities. However, statistical evaluations are needed to prove 
the correlation and more efforts are necessary in professional 
training to improve treatments, healthcare and reduce related 
costs. Moreover, we need to change our mindset about 
antibiotics and recognize that they should not be chosen for mild 
infections and we should prioritize prevention strategies such as 
vaccination and good hygiene practices. By working together, 
we can reduce the spread of resistant bacteria and ensure that 
future generations have access to effective treatments for 
infectious diseases.
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