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AMR
we may be in the darkest hour before the dawn 

The 3 most critical public health issues of our time are climate change and 
environmental destruction, pandemics, and antimicrobial resistance. 

The top 3 action items most urgently required :

1) the need for antibiotics: the major problem is that we often use 
antibiotics as a substitute for infection control, water, and sanitation rather 
than as a corollary to these. 
 2)Providing access to new drugs and vaccines
3)Change  behavior and social norms
 
We often prefer tackling problems after they’ve become a serious threat.
Sometimes, we think it’s the job of somebody else.. 

Consideration by Ramanan Laxminarayan is the Founder and President of the One Health Trust, founded as the Center for Disease Dynamics, Economics & Policy 
Antimicrobial Stewardship & Healthcare Epidemiology (2023), 3, e204, 1–3 



AR-ISS 2022:
sorveglianza nazionale dell’Antibiotico-Resistenza 

•Staphylococcus aureus (33,5% vs 30,5% del 2022), 
•Per Enterococcus faecium (11,1% al 30,7% nel 2022). 
•Escherichia coli ESBL (24,4% vs 24,2% nel 2022)
•Klebsiella pneumoniae R-carbapenemi (33,2% vs 25%)
•Pseudomonas aeruginosa (da 17,2% vs 16,4% nel 2022)
•stabile in Acinetobacter spp. (88,5%). 



Piperacillin/ tazobactam-resistant and meropenem-resistant non-Morganellaceae Enterobacterales (NME) 
and Pseudomonas aeruginosa collected from patients with lower respiratory tract infections in Europe: 

SMART 2018–20 

Karlowsky JA, JAC Antimicrob Resist. 2023 Jan 20;5(1):dlad003.

Carbapenemase rates among NME isolates by country 

Carbapenemase rates among P. aeruginosa isolates, by country 



Comparison of EuSCAPE and EURECA surveys of carbapenem 
resistant K.pneumoniae

Budia Silvia et al; bioRxiv preprint doi: https://doi.org/10.1101/2023.09.05.556311; this version posted September 5, 2023
Falcone M, Clin Microbiol Infect. 2022 Feb;28(2):298.e1-298.e7. doi: 10.1016/j.cmi.2021.06.031.

NDM-Kp was associated with 
increased risk of BSI compared 
with KPC-Kp. 
This finding seems to be 
strongly related to the high-risk 
clone ST147.



Risk for MDR GNB carriers developing an infection

Carriers BSI 

ESBL 3-25%

CRE 3-17%

CR Acinetobacter 40% 

DTR P.aeruginosa 43%

MRSA 15-30%

VRE 8%

Adapted from Milstone et al., Clin Infect Dis. 2011 Nov;53(9):853-9
Williems et al. Lancet Infect Dis 2023; 23: 719–31



Means of 
transmission 
for
pathogen
guide IPC 
strategies

Courtesy of Dr. José María López Lozano
Chief. Preventive Medicine/ Infection Control Unit, 

Hospital Vega Baja Orihuela-Alicante

And Meschiari personal opinion

Mechanism of
Trasmission MRSA VRE E.Coli 

ESBL+ KPC CRPA CRAB

CLONAL Very important Very important Occasional only Very important mixed mixed 

Patient as 
source

Very important Very important Occasional only Very important Occasional only Very 
important

Enviromental
source

Occasional only Important Occasional only Occasional only Very important Very 
important

Antibiotic use Occasional only Occasional only Very important Very important Very important ???



Compliance to Infection Prevention and Control (IPC) 
measures 

Multimodal IPC strategies appear to be highly effective, the implementation of a ‘‘bundle’’ is the best approach .

EUCIC StopNegative group; Analysis of the challenges in implementing guidelines to prevent the spread of multidrug-resistant gram-negatives in 
Europe. BMJ Open. 2019 May 19;9(5):e027683.



carbapenem-resistant 
Enterobacterales
(CRE) control



MAppER
Web App
• Utilizzabile su tutti i dispositivi mobili connessi ad internet (via 

browser) – nessuna barriera di sistema operativo.
•  Centralizzazione dei dati, in tempo reale.

Piattaforma regionale
• Feedback con i dati regionali per il confronto tra istituzioni.
• Supporto centrale all’uso (formazione degli operatori e supporto 

tecnico).

Feedback
• Immediato su App – restituzione dei risultati dell’osservazione in tempo 

reale all’equipe valutata.
• Dashboard/Report Aziendale che permette di selezionare e aggregare 

dati per creare descrittive personalizzate – monitoraggio delle 
rilevazioni in tempo reale; feedback a livello di unità (reparto, ospedale, 
azienda) anche nel tempo (valutazione dei trend).

HOW to implement HAND HYGIENE
1/4 of hospitals in low-income countries had access to hand hygiene 
stations at points of care



SCREENING STATEGIES: WHO HOW AND WHEN?

Clin Microbiol Infect 2014; 20 (Suppl. 1): 1–55



RECTAL SCREENING: who & when

Recommendations for the control of carbapenemase-producing 
Enterobacterales (CPE) 
Australian Commission on Safety and Quality in Health Care 2021
S. Basri et al. Duration of intestinal colonization; Antimicrobial 
Resistance & Infection Control 2023, 12(Suppl 1):O49 
 

Rectal screening

• At admission

• Weekly

If positive, patients are considered positive for a year from the first 
isolation or at least for the length of the patient’s hospital stay. 

 The median time to intestinal clearance was 179 (IQR 26–502) 

Universal Screening for CROs
In all high-risk areas

• Without risk factor check list at admission
• Starting to perform “rectal colonization” point prevalence survey

Vella V, et al. J Hosp Infect.Journal of Infection 84 (2022) 119–130 

Target  Screening 
«Patients»

Universal 
Screening 

Target to high-risk 
areas



Systematic review: Screening for MDR Gram-negative bacteria 
 

Journal of Infection 84 (2022) 119–130 



What is the best screening strategy? 

Satlin MJ, Clin Infect Dis. 2022 Dec 19;75(12):2066-2075.
Di Pilato V, Clin Microbiol Infect. 2023 Apr;29(4):537.e1-537.e8. 

Conclusions: It depends on the target***

• prevalence of colonization, 
• types of circulating carbapenemases, 
• wards with higher incidence
• access to Clinical Microbiology laboratory
• screening of carriers vs infections
• overall costs



Workflow CRE rectal Screening

Piastra cromogena CRE /OXA-48

Assenza di crescita Colonie sospetteLettura delle colonie 
dopo 18-24 h

Referto negativo

Identificazione con 
maldi-TOFF

Antibiogramma

Test  
immunocromatografico 

e/o test molecolare 
GeneXpert

Conferma telefonica
Isolamento da 

contatto 

Preallerta telefonica

Isolamento da contatto

Test molecolare GeneExpert 
Carba

Prelievo tampone/feci

Pz Critico in Urgenza Trapianto   Sì No

Risultato 
positivo

1h
24h

AOU Modena 



SUPPORT SCREENING STRATEGIES FOR MDR Carriers IN OUR HOSPITAL LEVEL

CRE universally (high risk 
Units) on rectal swab/ faeces on 

admission

ESBL-R-E: for patients awaiting 
liver transplantation or

for pre-reception colorectal 
surgery 

FQR-R-E for haematological in-
patients and those waiting for a bone 

marrow transplant

ADDICTIONAL SCREENING STATEGIES

Righi E, Clin Microbiol Infect. 2023 Apr;29(4):463-479.
Satlin et al; Clinical Infectious Diseases® 2021;73(7):1257–65



Randomised controlled trials of digestive decolonisation for ESBL/
or CRE Enterobacterales

Study Microorganism(s) Patient profile Intervention Comparator
Saidel-Odes 2012 Carba-R K.pneu. Hospitalised COL+GEN, 7 days Placebo

Huttner 2013 ESBL-Enterob. (75% E.coli) Hospitalised COL+ NEO, 10 days Placebo

Stoma 2018 MDR/XDR GNs (60% 
Enterob.)

Haematological COL, 14 days No intervention

Fariñas 2021 ESBL, AmpC, CP Enterob. 
(50% E.coli)

SOT recipients COL+NEO; 14 days No intervention

Saidel-Odes L et al; Infect Control Hosp Epidemiol. 2012 Jan;33(1):14-9
Huttner B, J Antimicrob Chemother. 2013 Oct;68(10):2375-82.
Stoma I, Mediterr J Hematol Infect Dis. 2018 May 1;10(1):e2018030.
Fariñas MC, Clin Microbiol Infect. 2021 Jun;27(6):856-863. doi: 10.1016/j.cmi.

Short-term period, having no long-term sustainable effects!

Some more basic research and weel-design clinical studies are needed for other options:
Phages, CRISPR-car system)



I m p a c t  o f  s e l e c t i v e  
d i g e s t i v e  

d e c o n t a m i n a t i o n  w i t h o u t  
s y s t e m i c  a n t i b i o t i c s  o n  

V A P  p r e v e n t i o n  

• The SDD regimen consists of four times daily Orabase oral paste with 2% 
polymyxin B, amphotericin B and tobramycin. 
• SOD: 10ml of a suspension containing 500 mg amphotericin B, 100 mg 
polymyxin B and 80 mg tobramycin is administered four times daily in the gastric 
tube or swallowed in patients without a gastric tube. 

Buitinck et al. Critical Care (2019) 23:208 

Boacheng Wang et al, Intensive Care Med 2022

5034 patients were eligible

Decolonisation strategies: SDD & SOD

N.L. Plantinga et al. / Clinical Microbiology and Infection 26 (2020) 485e491

ECMO
Bowel hypoperfusion
Immunocompromized
Trasplant



Dynamics of carbapenemase-producing Enterobacterales intestinal colonisation 
in the elderly population after hospital discharge, Italy, 2018-2020

A longitudinal study was conducted in two Italian cities (March 2018 to September 2020) enrolling 137 patients 
aged ≥65 years with CPE intestinal colonisation at hospital discharge (FU 4 months).

28/65 patients (43.1%) remained colonised at Month 4; 16/42 (38.1%) and 5/28 (17.9%) were found colonised 
up to Months 8 and 12, respectively.

Colonisation persistence was more frequent in patients with bacteraemia or complicated urinary tract infection 
while in hospital and in those staying in long-term care facilities (LTCFs).

Identification of patients at higher risk of persistent intestinal carriage after hospital discharge can prompt 
control measures to limit the transmission of CPE in the community, especially in LTCF settings.

Tinelli M, Int J Antimicrob Agents. 2022 Jun;59(6):106594.



An Outpatient Clinic as a Potential Site of Transmission for an Outbreak of New Delhi 
Metallo-β-Lactamase– producing Klebsiella pneumoniae Sequence Type 716:

A Study Using Whole-genome Sequencing 

• They identified the outpatient clinic as the probable 
transmission site bridging the 2 outbreaks. 

• This study highlight the importance of implementing adequate 
infection control measures in outpatient settings, especially as 
healthcare delivery moves from acute care facilities to 
outpatient clinics. 

Heinrichs A, Clin Infect Dis. 2019 Mar 5;68(6):993-1000.



28,956 residents; chlorhexidine for all routine bathing and showering and administration of nasal povidone–
iodine twice daily for the first 5 days after admission and then twice daily for 5 days every other week.
• Among the transfers to a hospital in the routine-care group, 62.2% (the mean across facilities) were due to 

infection during the baseline period and 62.6% were due to infection during the intervention period (risk 
ratio, 1.00; 95% confidence interval [CI], 0.96 to 1.04). 

• The corresponding values in the decolonization group were 35.5% and 32.4% (risk ratio, 0.92; 95% CI, 0.88 to 
0.96), for a difference in risk ratio, as compared with routine care, of 14.6% (95% CI, 9.7 to 19.2). 

• The number needed to treat was 9.7 to prevent one infection-related hospitalization and 8.9 to prevent one 
hospitalization for any reason.

CONCLUSIONS
In nursing homes, universal decolonization with chlorhexidine and nasal iodophor (10% Povidone-Iodine) led to 
a significantly lower risk of transfer to a hospital due to infection than routine care.

Trisha N. Peel et al, October 19, 2023; N Engl J Med 2023; 389:1488-1498

Decolonisation strategies for outpatients

https://www.nejm.org/toc/nejm/389/16?query=article_issue_link


News for 
outbreak 
definition and 
management



Conclusion: 
• The acquisition of multiple carbapenemases is increasingly reported. 
• The identification of broad host range plasmids with multiple carbapenemase 

genes represent a strong potential for horizontal antibiotic resistance spread.
• Long-read sequencing technology is allowing for refined analysis of plasmids.

Increase in Plasmid bearing multiple carbapenemases

Osservatorio Regione Emilia-Romagna, 2022)



CRO and plasmid transfer in hospitals

Marimuthu, K., Nat Commun 13, 3052 (2022). 
Antibiotics 2023, 12, 1206. https://doi.org/10.3390/antibiotics12071206 
 

42% clonal transmission criteria vs 44.8% plasmid-mediated transmission criteria

Possible evidences for:
• Indirect  trasmission (no temporal overlap in patients’ admission period) 
• Biofilm transfer of NDM-encoding plasmids to NFGNB from Enterobacterales spp. blaNDM-1 transconjugants. 
• in vivo transfer of a blaNDM-1-containing cluster among different gram negative
 
 

CPE and plasmid transfer in hospitals – what can we do?
 A rapid reflection from ICPIC 2023



The sink as a potential source of transmission of 
carbapenemase-producing gram negative organisms 

A better 
management of 
sinks and drains 
(or even getting 
rid of them 
completely) will 
be a vital part of 
the solution.

Antimicrobial 
stewardship is a 
big factor here!

G.-B. Fucini1,*, Are interventions on sinks in the ICU effective to 
reduce risk of infection or colonization with gramnegative
bacteria? A systematic review of the literature; Antimicrobial 
Resistance & Infection Control 2023, 12(Suppl 1):P162 

De Geyter et al. Antimicrobial Resistance and Infection Control (2017) 6:24
Bitar I, Antimicrob Agents Chemother 63:e02609-18 

7,039 search results (11 included): sink removal (n=3), water filters 
(n=5), sink trap heating and vibration devices (n = 3), new tap 
devices (n = 2) and hopper covers (n=1). 



carbapenem-resistant 
Acinetobacter baumanii
(CRAB) control



Priority role of A. baumannii colonization 
on the risk to develop CRAB infections

These data highlight the role of A. 
baumannii colonization on the risk 
to develop MDR-AB infections also 
during COVID-19. 

30-days survival in patients 
affected (green line) or 
not (blue line) by COVID-19 Cogliati Dezza F et al JAC Antimicrob Resist, 2023



Risk factors for CRAB colonization in hospital setting

Geriatric department 
Devices (UCs and CVCs)
A fatal disease
A longer LOS

Internal medicine department 
Partial disabilities or bedridden status 
Prolonged hospitalization, 
Previous admission to the ICU (+MV)
Permanent devices, and catheters 
Current antibiotic therapy (antibiotic polytherapy) 

ICU
McCabe Score (a fatal or rapidly fatal disease) 
Use of t3GC and carbapenems (OR: 15 and 33)



Implement IPC 
as a Bundle

1.Active surveillance: Extended screening. 

2.Contact precaution measures for all patients until discharge, 
independently of CRAB status 

3.Environmental sampling 

4.Cycling radical cleaning and disinfection of all rooms, areas 
and patients

5.Rapid Genotyping
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Infection Control and Hospital Epidemiology , Vol. 20, No. 7 (July 1999), pp. 458- 460 



Universal screening on admissions for CRAB by rectal swabs and repeated

weekly, adding 3 more sites (axilla, groin and endotracheal), for all the

patients admitted in ICU (for more than 24 hours)

CRAB multi-site Active surveillance 

A recently published program by Valencia-Mar�n et al. found a sensitivity of 96% combining rectal and pharyngeal swabs 
compared to 78% of rectal swab only 

Valencia-Mar�n R, Gonzalez-Galan V, Alvarez-Marín R, Cazalla-Foncueva AM, Aldabo ́ T, Gil-Navarro MV, et al. 

A multimodal intervention program to control a long-term Acinetobacter baumannii endemic in a tertiary care hospital. Antimicrob Resist Infect Control. 2019;8:199.

In our study the best performance 
was obtained by skin samples 
(100%), followed by the rectal 
samples (86%). 



Enhanced Environmental Sampling 

by pre-moistened thioglycolate or Brain Heart Infusion Broth (BHI) sterile gauze pads   

Courtesy of Dr. José María López Lozano
Chief. Preventive Medicine/ Infection Control Unit

Hospital Vega Baja Orihuela-Alicante

Infection Control and Hospital Epidemiology , Vol. 20, No. 7 (July 1999), pp. 458- 460 

By using BHI pre-moistened sterile gauze pads, more than 50% of our environmental samples were 
positive for CRAB. 
BHI moistened sterile gauze technique was a more sensitive method for CRAB detection 
(40% positives vs 0%; P<0.05).



Cycling Radical Disinfection 

High level 
disinfection 
Using hypochlorite 
10%

• Do not perform 
simultaneous 
disinfection in 
several areas of 
the ICU

Reinforced 
‘search and destroy’ strategies 
both on the environment 
and on the patient..



Radical Disinfection with fluorescent markers 

By using fluorescein spray on the cleaned surfaces and checking with an UV torch. 
The evidence of fluorescent spots indicates the surface has not been cleaned 
effectively. 

How to evaluate the effectiveness ?

Knelson et al. Infect Control Hosp Epidemiol. Author manuscript; available in PMC 2019 August 12. 

FLUORESCENT MARKERS 
placed on surfaces:  
~30%difference between 
EVS supervisors & validation



Antibiotics 2022, 11, 1015. https://doi.org/10.3390/antibiotics11081015 



CRAB Horizontal Decolonisation strategies

Among mechanically ventilated ICU patients, no benefit was observed for de-adoption of 
chlorhexidine and implementation of an oral care bundle on ICU mortality, IVACs, oral 
procedural pain, or time to extubation. 

Dale CM; Intensive Care Med. 2021 Nov;47(11):1295-1302.



Extra-ICU???
Decolonisation strategies outside ICU



Vancomycin 
Resistant 
Enterococci 
(VRE) control



VRE: risk factors for colonization
 



Meschiari M, Antimicrob Resist Infect Control. 2023 Nov 13;12(1):126

Conclusions
• Antimicrobial stewardship strategies to reduce inappropriate Gram-positive coverage in hematological patients is urgently required, as independent risk

factors for VRE nosocomial colonization identified in this study include any use of vancomycin and altered bowel habits.
• VRE colonization and infection did not influence 30- and 90-day mortality.
• There was a strong correlation between CDI and VRE, which deserves further investigation to target new therapeutic approaches.

VRE: risk factors for colonization
 in high risk patients



Martin EM, Russell D, Rubin Z, Humphries R, Grogan TR, Elashoff D, Uslan DZ. 
Elimination of Routine Contact Precautions for Endemic Methicillin-Resistant Staphylococcus aureus and 
Vancomycin-Resistant Enterococcus: A Retrospective Quasi-Experimental Study. 
Infect Control Hosp Epidemiol. 2016 Nov;37(11):1323-1330. doi: 10.1017/ice.2016.156. Epub 2016 Jul 26. 
PMID: 27457254; PMCID: PMC6783805.

Elimination of Routine Contact Precautions for VRE

Infect Control Hosp Epidemiol. 2016 Nov;37(11):1323-1330. doi: 10.1017/ice.2016.156. 

Given the increase in CHG bathing shortly before discontinuing CP, it is not possible to separate the impact of these two 
interventions.



Discontinuing contact precautions for VRE did not result in increased HAI rates, suggesting that contact precautions can be 
safely removed from diverse hospitals, including community hospitals and those with lower proportions of private rooms.
Good hand hygiene and low baseline HAI rates may be conditions permissive of safe removal of contact precautions. 

IPC strategies are dynamic: change MDR policies overtime

Clinical Infectious Diseases® 2021;72(S1):S42–9 



Bundles application:
Hospital-level-adapted procedures



• The vital work of IPC and AS programs cannot be performed independently.
• IPC and AS requires interdependent and coordinated action across multiple and overlapping disciplines and clinical settings. 
• Deliberate strategic relationship-building actions will be required of IPC and AS program leaders to bring groups together to achieve the 

larger purpose of keeping patients safe from infection and ensuring that effective antibiotic therapy is available for future generations.







Conclusions

• We need mechanisms for development of evidence based recommendations tailored on 
local epidemiology not only for AS but also for diagnostics and infection control practices

• The community burden of CRE and other MDR-GNB has been little assessed in the 
literature, (just focusing on long-term care facilities) and new measures are needed to 
address plasmid-mediated transmission in and outside hospital setting

• WE need for Effective communication strategies (tailored to specific target audiences)

• IPC professionals need to apply behaviour change to be effective in their role

• IPC Implementation must be integrated with tailored on patient care practices (champions 
task)



https://forms.gle/CfuwFGSWxLV636p66

• Azienda Ospedaliera di Padova, 

• Ospedale S. Paolo, Milano, 

• Azienda Ospedaliera Universitaria di Pisa

• Ospedale Policlinico Tor Vergata, Roma

• Ospedale S.M.Goretti, Latina, 

• Presidio Ospedaliero Pescara 

• Azienda Ospedaliera Universitaria Luigi Vanvitelli, Napoli

• Azienda Ospedaliera Specialistica dei Colli, (Cotugno, CTO, Monaldi), Napoli,

• Azienda Ospedaliera Universitaria Policlinico di Catania 

• Policlinico “Gaetano Martino” di Messina

• Ospedale ARNAS CIVICO di Palermo 

• Azienda Ospedaliera Universitaria Policlinico Riuniti
di Foggia

• Ospedale Amedeo di Savoia di Torino

• Azienda Socio-Sanitaria 

Territoriale di Cremona

Progetto
INSIEME

Italian National project for contrast antibiotic 
resistance a cooperation between Simit E 

(&) Ministry of hEalth
con l’obiettivo di finalizzare e rendere 
operative le strategie di contrasto alle 

infezioni correlate all’assistenza 

https://forms.gle/CfuwFGSWxLV636p66
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