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Introduction: The WHO declared antimicrobial resistance (AMR) a significant concern in 2014, sparking initia-
tives to ensure responsible antibiotic use. In human medicine, Antimicrobial Stewardship Programmes (ASPs)
in hospitals play a pivotal role in combating AMR. Although evidence supports the effectiveness of ASPs in opti-
mizing antimicrobial use, often the lack of resources becomes an excuse to limit their dissemination and use.
This paper provides a comprehensive report on a 6-year analysis of an ASP implemented in a healthcare region
in north-east Italy.

Methods: A retrospective data collection was conducted to assess the programme’s impact on antibiotic con-
sumption expressed as DDDs/100 patient-days, its sustainability over time, resilience during the COVID-19 pan-
demic and the efficiency of the ASP (relationship between workload and human resources).

Results: A substantial overall reduction in antibiotic consumption (—14%), particularly in fluoroquinolones
(—64%) and carbapenems (-68%), was demonstrated, showcasing the programme’s impact. Sustainability
was confirmed through enduring trends in antibiotic consumption and ecological analysis over time. The ASP
demonstrates resilience by maintaining positive trends even amid the challenging COVID-19 pandemic.
Efficiency was underscored by an increase in on-site consultations despite consistent human resources until
2021.

Conclusions: This study offers insights into the prolonged success of a resource-efficient ASP, emphasizing the
crucial role of long-term commitment in fostering responsible antibiotic use in the context of global health chal-
lenges such as AMR.

Introduction

Less than a century has elapsed since the discovery of penicillin,
and antimicrobial resistance (AMR) now poses a significant threat
to antibiotic efficacy, prompting the WHO to declare it a global pub-
lic health concern in 2014." A strong effort for responsible use of
antibiotics has arisen, leading to recommendations, guidelines,

measures to control of antibiotics usage in all sectors connected
with antibiotic misuse. In the realm of human medicine, antimicro-
bial stewardships (AMS) programmes (ASPs) in hospitals, together
with infection and prevention control (IPC) measures, are part of
the counter-measures needed for tackling AMR.

According to guidelines, every ASP must monitor antibiotic use
and outcome.” Impact (or effectiveness) of AMS is measured
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through antibiotic consumption metrics, local trends of
Clostridioides difficile infections (CDI) and AMR.? There are several
parameters for evaluating antibiotic consumption, none of them
complete or without drawbacks. The DDD over 100 patient-days
(DDD-100 patient-days) is one of the most common variables to
express in-hospital antibiotic consumption, which captures both
antibiotic use and patient volume.* However, several factors,
such as use of appropriate high doses of antibiotics or combin-
ation therapies, disadvantages use of DDDs.> For this reason,
using DDDs in combination with other easy to obtain parameters
assessing antibiotic exposure per-patient, such as point of preva-
lence surveys (PPS), can provide a more comprehensive picture of
the actual antibiotic usage.®

Despite high-certainty evidence showing the effectiveness of
ASPs in optimizing antimicrobial use,”® there is scarce evidence
of their prolonged effectiveness over years,” referred to as ‘sus-
tainability’. In the field of AMS, sustainability has been used to de-
scribe persistent effects of an ASP after the end of the active
intervention,'? or alternatively to denote economical sustainabil-
ity.!* In this paper we adhere to Moore et al. definition of sustain-
ability: (i) after a defined period, (ii) the programme continues to
be delivered and/or (iii) individual clinician behaviour change is
maintained; (iv) the programme and individual behaviour may
evolve or adapt while (v) continuing to produce benefits for indi-
viduals/system.*?

Resilience is defined as ‘the capacity of a system to absorb dis-
turbance and reorganize while undergoing change to retain essen-
tially the same function, structure, identity, and feedbacks’.*® The
COVID-19 pandemic adversely affected various healthcare as-
pects, including AMS.**"'” Analysing antibiotic consumption during
these years serves as a real-world ‘stress-test’ to assess the resili-
ence of ASPs.

Efficiency pertains to the capability to use the available human
resources to achieve the desired outcome. Both sustainability
and resilience are closely linked to the balance between workload
and dedicated human resources. Insufficient financial and hu-
man resources pose recognized barriers to AMS implementa-
tion."® A major obstacle to appropriate resource allocation is
the lack of consensus and scientific evidence for minimum AMS
staffing.!® Then, detailed reporting of human resources needed
for ASPs has been urgently advocated.?®

The aim of this paper is to provide a detailed report on an ASP
implemented in a healthcare area of north-east Italy, elucidating
its impact, sustainability, resiliency and efficiency.

Material and methods

Since July 2016, an ASP has been implemented in a healthcare
area of north-east Italy, primarily focusing on the hub hospital
and the major spoke hospital in the region.

Study site

The ASP was implemented in the Pordenone healthcare area in
the north-east of Italy, that serves almost 312 000 inhabitants.
The local public health system comprises one hub hospital
(‘Hospital A’, 600-beds), two spoke hospitals (‘Hospital B’, 200
beds and ‘Hospital C’, 76 beds), a network of low-intensity and
long-term care facilities (around 175 beds, including one

hospice), and 283 general practitioners providing primary care.
Hospitals A and B are equipped with emergency departments, in-
ternal medicine wards, surgery wards and intensive care units
(ICUs). No previous interventions had been conducted in the en-
tire area.

Design and setting of the intervention

The programme was initially conceived and executed by two in-
fectious diseases (ID) specialists. The ASP aimed to be accessible,
sustainable, flexible and widely accepted by the intervention tar-
gets. The programme was tailored to the specific healthcare areq,
considering the environmental setting as a crucial factor.

Before ASP initiation, an informal assessment phase (approxi-
mately 6 months) prioritized intervention goals. Several meetings
were held during this phase to define the ASP team and to intro-
duce the project to prescribers.

At the outset, general practitioners (GPs) were identified as
significant antibiotic prescribers and they were actively involved
in the presentation meetings to inform them about the option
for remote consultations or outpatient referrals for complex
cases. This initiative aimed to foster a strong link between the
ID consultants and the primary-care physicians.

At the hospital level, the presence of the ID specialists pro-
vided a consultation service available in presence on all working
days and via phone service on any other day. Following in-
hospital direct observation of local prescription practices, anti-
biotic consumption data were analysed collaboratively with
pharmacists, highlighting areas for improvement in antibiotic
use.

A multifaceted set of interventions, employing behavioural
change techniques (BCTs) targeting various behavioural compo-
nents as described in Table 1 (education, persuasion, communica-
tion and service-provision were the main fields of intervention), was
implemented. It was decided to limit the role of formulary restric-
tions to a small set of drugs (ceftaroline, ceftobiprole, cefiderocol,
dalbavancin, oritavancin, ceftazidime/avibactam, ceftolozane/
tazobactam), and a persuasive-oriented ASP was adopted to en-
hance and increase programme acceptance. Prospective audit
and feedback (PAF) served as the primary form of antimicrobial
guidance.

Team composition

The stewardship team comprised two (later four) full-time ID
consultants, supported by clinical microbiologists and pharma-
cists partly dedicated to the programme (see Table 6). In add-
ition, there was active collaboration and interaction with the
IPC team consisting of two nurses and one public health
specialist.

The ID consultant

In our ASP, the ID consultant played a pivotal role as the inter-
mediary interacting directly among patients, prescribers and
other team members. Prescribers’ acceptance and feedback on
programme efficacy and safety were considered crucial. The ID
consultant’s social characteristics were broadly discussed to-
gether to create a uniform interaction modality, consistent with
personal attitudes of each professional. Key elements identified

20f 11



R

J

Impact and sustainability of 6-year AMS programme

panuiuo)

:s9)dwipxa
‘SUOIIPUOD UBIINDAI
Jo J1uoJyd Jo} saidpiay} 21301g1IIUD-UOU puUD Y3|pay-aaiinibaiu],
P110zIpa31 ‘WN12DGa]R4/Wauadiwl ‘WDNIIDGIOGDRA
Jwauadoiaw ‘wWpIdPgozN}/AUDZ0]0YSd ‘UDIIDGIAD
/BWIPIZD}SD ‘UIDUDADILIO ‘UIDUDADGIDP /02049P13D
‘9104d1q03422 ‘aUI104D}II 104 BSN JO UOIIDZIIOYINDU
sgy pa129)as Jo} uonpzIoyINDnald
'sJsuonnop.d Jo PuluID PUD ¥ODGPaa) YIM ‘(39 Jad 921MM1)
SUIDIPAW |DUISIUI PUD (499M Jad 32u0) supipaw Adusbiswa
‘(y@am Jad 921m1) SN Ul SUOIDINSUOD PJDM SUIRNOY
SuUoIIDNIDAS (] dUIINOY
"(y@am Jad sApbp 7 pup Abp Jad sinoy 1) SUOIIDINSUOD SI0WID) »
‘{(29m Jad sApp g pup Abp Jad sinoy g) SUOIININSUOD 31IS-UO »
SUOIINIINSUOD PUDWIBP-UQ

s1odaJ 9y} UO JUSLILIOD pub SSNISIp 03 sbuil@aw diporad

‘uoindwinsuod 21301gIIUD PUD (SWDJIHOIGIIUD SAIIDINLIND)

92UIPIDUI YWY UO Spodal pI0) Jo uonpdlignd JIpoLiad
10daJ pup ¥opqpPas-

(S954N02 UIDDX0)J0AS] WIIS1-buo]

104 papuaWILIIaJ Ajauiinod) sbnip uipled 4oy (NAL)

Buriojiuow bnip d13nadpisyl Jo SN Y3 INOGD UODZIIGISUSS

{S9S4NU PUD J0I20P YHM PaJDpys (UoiSnjul SNONUIUOD

4O 35N DU} UOoISNJUl ‘UOIN|IP ‘UOIINIIISUODAI) UOIIDJISIUILPD

J1301g1IuD Jo uonpziwiido dnauodpulIDyd pup SISA|DIp

Ul 95N J1301qI3UD INOGD S3UNRPIND JO UOISNIP PUD UOIID3I)
ssauaiplidosddp diauoIDWIDY(

sa4n3opJy uado ul Adoisyy anizduis-a.d pup sixpjAydoud

‘sixnjAydoud 1pa1bins uo SaUNSPIND JO UOISNYIP PUD UOIIDRI)
Juswubp sixojAydold

(pJom ay3 Ul pa1DaJ] SBWOIPUAS

uibw ay3 03 buipioddp) @I 21412ads U puD SII0IGIIUD MaU

uo buneaw pydsoy ‘sisuonionad aiod-Aipwiid pup |pudsoy

01 40} 9SN |DIGOJDIWIIUD PUD YN UO S3SIN0D pub buias|y
S91IA13OD |DUOIIDINPT

uoiponp3
JUaWa)gpuy

uonoLISaY
Bulumi
JusWialgoul

bunjapo uoisbnsiad

juswialgouyl
bumapow

uolispbnsiad

JUaWa)gpu]

JusWiagpul
uonpINp3

uonoINP3

uolspbnsiad UuolipoNp3y

umwucwzcwmcou

SILN Ul sainspbawl
uonuanald Jo 9104 OU S| 13y, ‘IUsWIDa]

Y1102y IN0gD UOIIDUIOU] 4O PUS 3Y3 3D S94NJND SULIN 3Y3 323D 03 49139q SI 11,

Juanod sy BunpaJ WD [ 21ns 39 01 SWDIID]-DIS]

1@n0u buisn Jaja4d pinom [ INg ‘sawlAzua 19S3 Jo s9dAIgNns JUBIa44IP BY} MOUY J0U OP I,
,SNOIJDDIJD BJ0W BJD A3y} 9A3119Q T 9SNDIAQ SBUO PIo
UDY] SWDIDD)-DI9Q ]9A0U 3sn JaY1pd pinom [ ‘auradid onadpiayy syl 01 $$920D aADY T 1,

o/N0IADY=Q 3Y1 Jo uonpIsuowW=Q

w/NOIADYSQ UO $50Gpa24
o(10213004d) 1oddns (o120
4INoIADYRQ 8Y3 JO uonpAsUOWSQ
1p21300.d) 1ioddns |poS
W224N0s 31gipai)

OA

Jnoinbyaq) buinlas jpon
Anoibyaq
3y1 JO (S)2UI0DIN0 U0 }IDGPas4

w

10213004d) 1oddns pdoS
winoloyaq

JO S2WI02IN0 UO 2Dgpas4

zmozubac(_o&

ol

0S92UdNbasud
Y1102y In0gDp UoIIDULIOjU
oUosupdwod 1p1d0os
umwsu\ﬂqua
S3dUsNbasu0d |PIUBWIUOIIAUS
pUD |DID0S INOGD UOIDULIOUI
,S$95UaNbasuod
Y1102y 1n0gp UoipUliojul

,S9W0DIN0 3siom BuiAby InoyIM 3 op
03135110129ds @I 995 [ |13UN sgy 9yl Alu0a dois Jou Im I,
21ydouispind aq |Im aUlodIN0
ay3 Adpiayy ay3 A193pipawiull 93ppISa J0U Op T 41,
Sgv 210udoiddp 8500yd 03 92UDISISSD Pasu [,
Yopoiddp 985 puDp 3IDM D YlIM 3]gDLIOLUIOD
1994 30U Op  9sipIdads QI UD 4O 9JUISD U],
DHuiyrhup anjos iim 4Sy 10Y1 931199 10U OP |,
‘uondwnsuod
21301913UD JO 396403 3Y3 SI YdIYyM MOUY J,Uop I,

(DNI129}J2 PUD 34DS S| dSY 41 2ADMD 30U WD |,

(DIIAIS UOIINYISUI-8Y1-40-IN0 UD SD 31 Wiojiad
01 pPa3021dWod 003 S| 3SNDJAG WAL IsaNbaJ uop 1,

SAV o sasop ybiy yiim abpwinp asnpd 03 pIDAD WD T,
S$91pud19dwod d13duUoIPWIPYd OU dADY T,

J9jps s sixpiAydoud gy ayy buojoid o3,
(DUIDS dY3 0P [)IM [ Swauadnglod asn anbnayjod Aw Ji,
JsIxa stwauadngipd 01 SSAIIDUISID OU,
S YWY pup asnsiw
gy U99M13q UOIIDIDOSSD 943 UO SNOIDSUOD J0U WD T,

(dJDS 10U 2JD $3SIN0D gy MOy,

uondudsap uoiuanIaIu]

o(MD9)
UOIUdAIDIUI JO DBIY

(IN) UOIIDAIIOW BAIRDYD)
‘pup (0) Alunuoddo ‘(D) Aigodod
1p216010y2Asd/pa1sAyd :10g

(pa101s Ajdndxe uaym 1dedxa ‘anndadsiad
Jaquasaid ayy wouy) Ja1j9q paiabiny jo aidwipx3

o(MD4) 199U 26UDYD DINOIADYSY PUD ,]9POW g-NOD 03 BUIPI0IDD PaIISSD)I SUOIIUSAIDIU JO ISIT T d1qDL

30f11



Del Fabro et al.

“J9yJow uonpdnsoubold b sp Wayoid .

{U011D)DIS3-3P 213101gIIUD 3PIND 03 uluo}PI04d

‘suoioayul

|DLISIODQ PUD |DJIA US9MISG 91DUILILIDSIP 01 (UOIIDAIIID

691@D 918o0UoW/49@) 1IYdoiinau) 1593 JIDWILONY0IAD »
HIER)

‘si9yipwiolg

“SWISIDIIID

$$920D-bnup JpNIUSAS IN0qgD S1sidbULIbYd Y3 Ylim sa1opdn
‘(ABojoIgoJDIWI JDJNJB)OW JO SN 3934402 ‘SaBUA| DY |DIIUND JO
213s0ubDIp UO UOoISSNISIP ‘sajyo4d winiboIqiuD Joj JuaLaaIbD
‘DLIBIID ] SYDNT Uo sa1opdn 'a71) s21do3 152491Ul UOWIWIOD UO
s1si|pIdads @I pup s31s1b0)01goJdIN 3Y3 Yyiim sbuieswl Alyiuopy

JUBWIddJ0jUIR) pUD uoIIPIHaIUl ‘Bulpling WD)

S9sD2 ] X3)dW0d JO 34ND BY3 Ul S5 SAJOAUL

01 Yopouddp |ydO ‘9sin0d uoipINPa JIdy3 bulnp sjuapisal
SdD 9y} 10} SUOSSa] [PAIUBLIO-SAY, ‘SNSSI PUD dSY UO
¥2pgpaay dipouad {(sassaul Aioipaidsal 93N ‘11N) 9211o04d
2Jp2-Aipwiid Uo Pasni0y Sa13IAIIID UOIIPINPS dipolad ‘a1
SU3 Y3IM 3UI] 31994IP D 94NSUD 0} ‘Sd9 404 (¥oam J4ad SADp 7 pup
Aop J4ad sinoy 1) SUOIIDINSUOD 930WaJ 40) A)1IGD]IDAD PO

SdD pup 2402 AJowiid 033Ul

“(S1LN 40 ISSSaV

Ul 4 9SN 30U Op "3°1) SaAIIPWISYP buisn :ydpoiddp buunds H4 »
1sp12ads I ay3 40 ANigpyipAD ay3 pup Adpuuipyd
2y Ag sa)ndsjow ayy jo Alaniep pidol Aq pajupiiom s|
SIY] "SUOI1294Ul 9AI3DDBAU-WDID 1gST PaLLILUOD 4O pa3dadsns
Ul (WDIdDQOZD}/aUDZ0]01ad 40 aulPAIab1) Sd1j0IgIIuD

oIUSWILOIIAUS 341

03 [s1003 21350UBDIP] S323(q0 Bulppy
oIuBWILOIIAUS B}

01 [5]001 213soubpIp] s199(qo buippy
oluswiuoIIAUG 3Y] 0]

Buiuipi]  [s1003 23soubpip] s193/qo buippy
JusWId|goul inoiApy=q Jo bunoluow-}13s
s9nd/sidwiold
JusWiagoul
uonpINp3 Jsend/s1dwioid
oIUBWLOIIAUS
p21sAyd HBulNoNISDY
o(I0213204d) 1oddns |p1>0S
JusWialgoul 4iNoIADY3q UO }2Dgpas4
uoIspNsIdd

uoipoNnp3 bujuipil ~inoiAby=aq Jo buuoluow-J1as

o(10213004d) 1oddns (o120

4824N0s 3|qIPa4)

(,.uondajul
1DJIA JO |DLIRIDQ AQ PASNDI JBAD) U9aMIaq
91DUIWILISIP 03 W sdjay 1Dy} 191 D SADY 03 YSIM [,
gV 91D|D2s9-ap
10 y1bua) Adoiay gy @2npas 03 Abm ou s a1ay], :s||I4s

JSIX9 SI9XJDUIOIQ 9]qPIj24 OU 9SNDJA]
‘s21101q13Up 3Ind 03 9ADY NOA JaA34 SDY JusanPd D JI, TT

[main jo uiod 3s160j01qo.dIW] WDJboIgIIuD
93 U0 Pa1sa} [ S9)Nddjowl ayy 1o Jodau im 1,
[maln jo
ulod Jup3)NSuod 1] A3)IgpIRJ Wa1sAs d13Ajoup ay
MOU3| J,uop T 93dsap ‘WDIb0oIqIIUD 3Y3 UO JUDISIS
SD Pa]1agp] S|} 41 UIDAWOSOS 3SN 30U OP JBYIDI I, 0T
Joxdsoy ayy u
paboubuwl A19A1SN)X3 94D sgy |p4a3uaind ‘saidpiayy
1040 1sn( abpupwi upd JauonIdPId |pIBUSD By,
,SUOIID}INSUOD 03 $$322D JOUUDI | ASNDII]
‘UDd T SD S9SDD (] HNJIYYIP 9y} abpuDW 03 9ADY T,
<2402 Apwind ul 31 op 03 moy 3wl 1193 9spajd noA
PIN0d 2402 AJDI14a] Ul $21101gIIUD 940ds 01 ASDa S,1],
S04 P10b Ing plo ay3 asn |im
1 9SIMIBYI0 ‘JUBWIDAJ} [1N U0 s9I0pdn aADY T YSIMT, 6

(S9AIIDBAU WIDJD) JUDISISaJ bnup-1INw
AQ pasnpd suoi3234ul 4oy Swauadpgpd 9q1dsaid
1SNW T 0S ‘SWUD3ID]-D}DQ 90U 03 $S9I0D OU dADY T,
SUOIIRUI
1953 Ul suauadpgipd 03 SIAIIDUISYD OU 3D 3IdY],

9AIIDUIBYID Jo/puD (Bnup uolupdwiod sb UPAUI0)SO) JusWagpul {,591IS 1INDIIP Ul UoDJIaUad puUD AAIRDD
79°1) suonpuUIquIod Jajaid :yopoiddo bunpds-wauadoqiod . uoIspNsIdd ,582USNb3SU0D |DIUSWIUOIIAUS O WNJ1Dads Jud)j30Xx3 3ADY A3Y3 :SUOIIIJUI JOJ DS
yooouddp buupds H4 pup wauadogin) uonpoNp3 PUD |DID0S JNOGD UOIIDULIOU]  pUD swauadpgupd buisn ul wiajqold Aup sasjouop], 8
SGDMS-PUNOM JO S3IN}ND
"s2Jn3nd Jo} wAnoiADyaq aulN sb Yans ‘s1sa3 |pd1bojoIgodIW AlIsod
Hundwos punom daap a1pudoiddo 1oy} 21Ul 1p2160j0IDWISP JO SBW02IN0 U0 }2Dgpad4 9ADY DY} SUOSUIOS 1D3J] 10U 03 SNOIXUD 1334 |,
ay3 03 5s922D pandwis ‘@sinu 3spi2ads 81D2-PUNOM (SPUNOM DIUOJYD JO STIM Ul 9]0 D
Ppaip2Ipap b yum (3siipads g1 1sibojolagpip ‘uoabins oisoid 44N0IADY=Q 9Y1 JO uonpIsuoW=sq  aADY Abw s3unspaw uonuans.id 10y 8A3118G 10U Op ],
‘uoabJins ID)N2SDA) WD AUpUldIDSIPIIINW :SPUNOM JIUOCIYD « UoiIpuod siyy
‘q(AnAnoD p21sAyd ‘sonnoiqold ‘syuswisiddns Aipiaip 104 30U 0 1DIDIBUSQ 3D gy JI SUOID SPIDSP 03 ALY
‘@YUl J1910M) 3)pung buliDds-21101g1IIUD ST| N IUSLINDDI o(1P2n20ud) 1oddns oS T 0s spunom buiIpaJ1 10} LIDS) PSIDIPSP OU S| 43y,
uondudsap uonuaniau] o(MD9) (IN) UOIIDAIIOW BAI1D3)Ja4 (pa103s Ajdndxa uaym 1dadxa ‘anndadsiad

uolIUaAIRIUL Jo DAJY  ‘pup (O) Aunpioddo ‘(D) Aujigodpd

1p216010Y2Asd/p2a1sAyd :10g

19gusald ay3 wody) Janaq paiabiny jo aidwoxy

panujuo) T 3)qo1

4of 11



Impact and sustainability of 6-year AMS programme J A R

as ideal attributes of the ID consultants were: availability, pro-
activity, assertiveness, communication skills (avoiding aggressive
or judgemental tones), strong mediation and collaboration skills.
In instances of conflicting opinions, the emphasis was on reach-
ing compromises for long-term collaborative maintenance. PAF
was chosen for an educational approach during on-site consulta-
tions, presented in a written format to explain advice thoroughly.
Adherence to real-life clinical settings, consideration of prescriber
needs and active involvement in patient care were prioritized.

Facilitating intervention acceptance, consultants sometimes
assumed responsibility for patients and their social networks, aid-
ing clinicians in administrative tasks and ensuring drug or diag-
nostic tool availability through licison with pharmacists and
microbiologists. Prescribers appreciated frequent case re-
evaluations, routine rounds and opportunities for informative dis-
cussions with patients and caregivers.

The microbiologists

contaminated patients (‘contacts’); annual incidence of CDI;
contact precautions for patients colonized by MRSA (and

sanitizer consumption, putting hand sanitizer in every room);
decolonization measures), VRE, ESBL and CPE.

surveillance of compliance on IPC rules, measures of hand
active surveillance of AMR-outbreaks or potentially

with acute respiratory infections.
Hand-washing promotion (training and education,

IPC measures

swabs;
+ nasal swab for common respiratory viruses in all patients

use of:
+ molecular detection of resistance genes in surveillance rectal

The microbiology was oriented towards constant and daily inter-
action with physicians from all hospital departments, including ID
specialists. The key role of the microbiologist in our ASP was
based on the promulgation of the concepts of pre-analytical ap-
propriateness (through education on the sampling methods, ap-
propriateness of microbiological samples and correct request for
tests), on diagnostic appropriateness (correct choice, use and
placement of diagnostic tests according to a concept of
Diagnostic Stewardship?®), and on the timely and exhaustive re-
porting of the results. Interpretative comments to the susceptibility
report, including phenotypic insights into specific resistance me-
chanisms that affect the correct choice of antibiotic therapy (i.e.
ESBL versus AMPc-producers Enterobacterales), expert opinion of
microbiological results, customized antibiograms to quide prescrip-
tion (susceptibility profile with unpublished molecules, such as
vancomycin and teicoplanin for MSSA) and the possibility to test
on request specific antibiotics were examples of the interactive ac-
tivities carried out by microbiology. The microbiology laboratory
was open 7 days a week for 24 hours a day. The microbiologist
reported in real time through telephone communication and/or
email notification a list of critical events established and agreed
with the AMS team (i.e. growth of Gram-positive/-negative bac-
teria or moulds on blood cultures). Every year, the microbiolo-
gist of our hospital produced an epidemiological report on the
trend of antibiotic resistance at a local level, and on the number
of alist of monitored microorganisms (i.e. Clostridioides difficile,
norovirus, MRSA) present throughout the hub hospital and in
the peripheral facilities.

Molecular and antigenic microbiology,

Incentivization

Training Education
Enablement

environmental consequences®

Demonstration of the behaviour®
Instruction on how to perform

the behaviour®
Feedback on outcomes of

the environment®

‘If I have no etiologic test, I will assume that most of Adding objects [diagnostic tools] to
the environment®

behaviour®

‘I will wash my hands before every patient’s visit, if Adding objects to the environment®

The pharmacists

The hospital pharmacy played an active role in the ASP by collab-
orating with ID consultants to determine which drugs should only
be dispensed with an ID authorization. They also tracked antibiotic
consumption within the hospital for individual molecules or cat-
egories of antibiotics, and compiled these data in an annual report
presented to the various departments. Additional activities in-
cluded: collaboration with ID specialists to provide support and
guidance for the reconstitution and optimal infusion methods of
antibiotic; diffusion of internal guidelines on antibiotic use in dialy-
sis and pharmacokinetic optimization of antibiotic administration;

acute respiratory infections in the hospital have a

bacterial origin’
hand sanitizer would be available in every room’

‘If nobody checks if I am using contact precautions, it Feedback on the behaviour®

rates are very low in our setting’
see many infections by ESBL’
means it is no so important’

‘Iam not aware of the risk of transmission of bacteria Information about social and
through hands’
‘I am not sure how to wash properly my hands’

’Contact precautions are useless because I do not

AB, antibiotic; CDI, Clostridium difficile infections; ID, infectious diseases; UTI, urinary tract infection; ABSSSI, acute bacterial skin and skin structure infections.

12 ‘Contact precautions are not necessary because AMR Adding objects [diagnostic tools] to Enablement
“Michie S. et al.”!

bVenturini S. et al.??
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fast revision of off-label indications in selected cases and procure-
ment of specific antibiotics for long-term care facilities as directed
by ID specialists. They also supported outpatient parenteral anti-
microbial outpatient parenteral antimicrobial therapy by providing
intravenous drugs, allowing the clinician to provide rapid discharge
through early de-escalation. Furthermore, pharmacists conducted
pharmacovigilance activities to monitor the safety and effective-
ness of medications.

Intervention targets

Primary targets were hospital medical doctors (prescribers). In
parallel, an effort to empower IPC measures application involved
all the staff, including doctors, nurses and assistants. Remote
ID-consultation services were accessible to all area physicians, in-
cluding GPs. Educational activities were extended to all staff.
Originally, the AMS plan included expansion to the minor spoke
hospital (Hospital C) and long-term facilities. Despite the increase
of the pool of ID consultants, SARS-CoV-2 pandemic necessitated
extra efforts for COVID-19 patient follow-up, delaying the exten-
sion project to 2024. To spare resources, the set of interventions
was fully empowered at the hub hospital (Hospital A) and the lar-
gest spoke hospital of the designed healthcare area (Hospital B),
making the main target the prescribers of hospitals A and B.

Data collection and design of the study

We conducted aninterrupted time series (2017-2022) with retro-
spectively collected data to assess the impact of a new AMS pro-
gramme implemented in the healthcare area. The study was
conducted in accordance with the Declaration of Helsinki.
Because of the retrospective nature of data collection, ethics ap-
proval was waived for the study.

Parameters and measures

(i) The impact of ASP was evaluated through antibiotic con-
sumption (overall and single classes consumption of antibio-
tics, expressed in DDD/100 patient-days), prevalence of
antimicrobial use (PPSs, according to European Centre for
Disease Prevention and Control protocol were conducted
every 2 years in our region*), adverse effects related to anti-
biotic consumption (CDI, rates expressed as ratio of positive
tests over number of appropriate tested samples) and epi-
demiological data (AMR trends, cumulative antibiograms).
Alert organisms undergoing surveillance were MRSA, VRE,
ESBL-producing Enterobacterales and carbapenemase-
producing Enterobacterales (CPE). The primary outcome in-
volved an ecological time-trend analysis, adhering to the
ORION statement.”® See Supplementary Materials (available
as Supplementary data at JAC-AMR Online) for a detailed de-
scription of the mentioned parameters.

(ii) Sustainability was graphically presented as persistent trends
in antibiotic consumption and ecological analysis over time.

(i) Resiliency was assessed by comparing antibiotic consump-
tion trends between the pre-pandemic period (years 2018-
2019) and the post-pandemic period (years 2020-21).

(iv) Efficiency was estimated through the relationship between
workload and human resources over time. AMS activities
are described in Table 1 but not all were measured or

measurable. Measured process metrics were the yearly num-
ber of on-site consultations, educational meetings, internal
protocols or guidelines produced (detailed description in
Supplementary Materials, Table S2). Human resources were
presented as full-time equivalents (FTE) dedicated specifical-
ly to AMS activities.

Data analysis

A descriptive analysis of trends was performed for each outcome
indicator on an annual basis. Comparisons were made comparing
the period preceding the intervention (to: 2017) to a 6-years-after
final-point (ts: 2022). Graphics and linear trends were designed
and calculated using Microsoft Excel.

Results
The results of the ASP are summarized in Figure 1 and Tables 2-6.

Impact and sustainability

Quantitative indicators of antibiotic consumption (Figure 1, numer-
ic data in Supplementary Materials, Table S1) show a decrease
(=14%) in overall use of antibiotics (expressed in DDD/100 patient-
days). A strong decrease in the consumption of the fluoroquino-
lones (—64%) and carbapenems (—68%) was observed from
2017 to 2022. In the same period, a modest decrease in use of
third-generation  cephalosporin = (-=14%) and piperacillin-
tazobactam (=7%) was observed, associated with a modest in-
crease in amoxi-clavulanate use (+14%).

The PPS analysis performed in the years 2017, 2019 and 2021
(Table 2) showed a reduction in the number of hospitalized
patients receiving antibiotics (from 41% to 36%) and a good ap-
propriateness level on antibiotic use, stable over years.

Table 3 shows the comparison of alert organisms in our hospi-
tals: VRE and CPE were a rare finding (less than 30 per year) and
so they were expressed as absolute numbers. A decrease in MRSA
(=5.2%) and ESBL (-3.2%) was observed during the observed
period. This trend was not altered during the COVID-19 pandem-
ic. CDI rates have been stable over the years.

Resilience

Trend comparison of pre-pandemic (2018-19) and post-pandemic
period (2020-21) are presented in Table 4. An improving trend in

DDD/patient-day

B To
DDD/patient-day

= =« Amoxicillin-clavulan
ate EV

= == Ceftriaxone
Levofloxacin
m— Meropenem

— Piperacillin/tazobac
tam

2017 2018

2019 2020 2021 2022

DDD/100 patient-day

Figure 1. Antibiotic consumption expressed in DDD/100 patient-days.
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Table 2. Antibiotic use prevalence and indication appropriateness (PPS)

2017 2019 2021
(n=507) (n=517) (n=499)
Antibiotic prescription/ 211 (41.2%) 196 (37.9%) 179 (35.9%)
patient, n (%)
% confirmed or suspected 74.6% 83.6% 82.5%
bacterial infection
% surgical prophylaxis 9.4% 11.1% 8.5%
% inappropriate 15.9% 5.3% 8.9%

(prophylaxis >24 h, no
evidence of infection)

overall antibiotic consumption is shown in the second period.
Sustained but dampened reduction of I1I generation cephalospor-
ins, fluoroquinolones and carbapenems is observed during the
SARS-CoV-2 pandemic years.

Efficiency

Process metrics are presented in Tables 5 and 6. An important in-
crease in the number of on-site consultations per year from 2017
to 2022 (+138%) is displayed, despite a constant number of FTE
ID consultants until 2021.

Discussion

We have described a low-resource ASP based on behavioural
change (BC) interventions, applied to a healthcare area of more
than 300000 inhabitants. The ASP was focused on hospitalized
patients of the two hub hospitals in the area (A and B) but it
was also accessible to other prescribers. The results of a 6-year
analysis showed a reduction of the overall antibiotic consump-
tion in the observed period, with a strong decrease in fluoroquino-
lones use and carbapenems, associated with a decreasing
ecological time-trend of multi-drug microorganisms (ESBL and

Appropriateness, antibiotic consumption and ecological
trends were not reversed by the worst pandemic years (2020-
2021), confirming a good performance of the ASP even during
the dramatic challenges that occurred during COVID-19 pan-
demic. This shows that our ASP is robust and deep-seated in
the healthcare area. Literature and national data showed an un-
justified increase in hospital antimicrobial use associated with
SARS-CoV-2 cases.?’32 Our data are upstream and confirm the
ASP resilience, even if our hospital was heavily and directly in-
volved in managing SARS-CoV-2 patients.

In this paper, we gave a precise description of BC interventions
implemented because, from our experience, targeted interven-
tions are the key for an impactful, sustainable and resilient ASP.
It is well known that antimicrobial use in hospitals is far from op-
timal: guidelines and general recommendations are usually insuf-
ficient to ensure appropriate antimicrobial use in daily practice.*
The efficacy of ASP relies on many factors, most of them being ir-
rational and qualitative, such as human factors (trusts and beliefs),
highly dependent on the local context.>*’ Furthermore, anti-
microbial prescribing is always an ethical dilemma, where a careful
balancing between the benefit for the patient and the good for the
community is needed.*® For all those reasons, BCT are really helpful
in AMS.29 BC models, such as the COM-B model, can provide a use-
ful framework for a detailed design and structured reporting of ASP
interventions.®2-4? Engagement to AMS activities from other clin-
ical specialties is more likely to be achieved when interventions are
specific and targeted,** and it is probably an underappreciated
factor for a successful ASP. A recent survey aimed at identifying
success factors in AMS, emphasized the importance of collabor-
ation, trust and support among different professionals, roles and
institutions.** Qualitative and narrative descriptions, together
with traditional quantitative metrics, can provide a more complete
understanding of successful ASPs.**

Table 4. Antibiotic consumption trend analysis expressed in DDD/100
patient-days

Pre-pandemic trend  Pandemic trend

MRSA). The presented AMS was impactful both on antibiotic con- (2018-2019) (2020-2021)
sumpti.on and ecologi;ol trends. The improving consu.mption and  ppp/100 patient-days 13 4
ecological tren;ls pgrasted over'6 years, demonstrating the pro- o icillin-clavulanate 1V 23 26
gramme sustainability. In the literature, few ASPs have a long Third-generation cephalosporin ~0.9 01
follow-up, making difficult to assess long-term effects of AMS ac- FQs _183 0.02
tivities.® Howeyer, QUrobility is pivotal, bec0u§e compliance is- Carbapenerns ~0.02 019
sues, trends. inversion or uzrgexpected negative consequences Piperacillin/tazobactam 06 _06
may appear in the long run.
Table 3. Alert microorganisms isolation in course of infection

2017 2018 2019 2020 2021 2022
MRSA, n (%) 112 (20.6%) 121 (19.7%) 116 (18.1%) 99 (19.4%) 95 (16.2%) 84 (15.4%)
VRE, n 1 10 10 8 7 10
ESBL, n (%) 502 (12.5%) 500 (10.8%) 568 (11.7%) 505 (10.1%) 592 (10.5%) 549 (9.3%)
CRE, n 8 4 11 4 12 6
CDL, % 11.2% 11.6% 10.7% 8.5% 9.8% 8.43%
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Table 5. Number of activities/year (annual variation %)

2017 2018 2019 2020 2021 2022
N on-site consultations 1800 2411 (+34%) 2647 (+10%) 3479 (+31%) 3417 (-2%) 4283 (+25%)
N protocols 2 5 3 3 4 3
Educational meetings 12 18 21 16 21 22
Multidisciplinary meetings 8 9 10 12 11 10

Phone consultations and informal consultations have a signifi-
cant burden in the workload of AMS teams,*®*” and that is con-
firmed in our experience. Remote consultations form a highly
appreciated service by GPs*’ that improve accessibility and en-
hance collaboration between specialists.*® A French study
showed that a common motivation for phone consultations is
to ‘share the emotional risk during a difficult case’, highlighting
the psychological implications of antimicrobial prescription and
the particular role of ID consultants.*?

Resource allocation and workload need to be balanced to
achieve efficiency. Despite that the absolute number of em-
ployed ID specialists grew in 2020 from two to four, the number
of personnel actively dedicated for the AMS remained constant
until 2021 because Hospital A became a referral centre for
SARS-CoV-2 hospitalized patients and two (later three) ID specia-
lists were dedicated for the management of those patients. The
annual number of consultations is a raw data that estimates the
working load. It does not include telephone consultations, infor-
mal advice, unstructured educational activities or other extra ac-
tivities. It is also a surrogate parameter for ASP acceptance inside
the hospital and the awareness for assistance need in antibiotic
prescription. As shown in Table 5, the number of consultations in-
creased over time, determining a significant working load. This is
representative of good acceptance of our ASP but it is also an im-
portant point for the stakeholders: an increase in AMS resources
over time should be considered to sustain the needs of prescri-
bers. Because a recognized ‘universal’ staffing standard for AMS
teams does not exist (2.0-6.7 FTE workers per 1000 acute-care
beds is the range identified by one review), different attempts
have been made to quantify the desirable or minimum human
resources dedicated to ASP.°°~* The Dutch consensus reports
that the minimal staff requirements increase over time after ini-
tiation of an ASP, as an increase in stewardship activities is ex-
pected.” Then, long-term commitment by institutions is crucial
to empower AMS teams and build AMS resilience.

In a frequently cited article, Petrak et al. asserted that ID con-
sultants have a pivotal role, as they possess invaluable expertise
in diagnosing and managing complex cases. They synthesize
data to efficiently craft diagnostic and therapeutic plans, making

Table 6. FTE for core elements of AMS staff

2017 2018 2019 2020 2021 2022
ID consultants 2 2 2 2 2 4
Pharmacist 0.3 0.4 0.4 0.6 0.8 0.8
Microbiologist 0.5 0.7 0.7 0.8 0.9 0.9

them indispensable in the clinical arena.’® Additionally, ID con-
sultants play a crucial role as educators, enhancing healthcare
quality by instructing various stakeholders and contribute to re-
ducing inappropriate antibiotic use. The ability to effectively com-
municate their strengths to stakeholders is vital for recognition
and success, emphasizing the importance of training dedicated
and highly professional individuals. The AMS—as suggested in
our paper—demonstrates the value of ID consultants to adminis-
trators, attending physicians and patients.

Our study has several strengths. The long duration of follow-
up ensures appropriate outcome assessment. Persistence of eco-
logical and antibiotic consumption trends over years, even during
the COVID-19 pandemic, allows us to exclude major confounding
factors in the data analysis (i.e. mean regression, temporary ef-
fects of the ASP, random variation of patterns over time).

Some limitations should be outlined. Electronic prescriptions
are not available in our hospital and our AMS team did not include
a data-manager and/or specific electronic tools for data collec-
tion. Thus, antibiotic consumption was determined using annual
purchase data provided by pharmacists. This method may over-
estimate the overall antibiotic consumption (some amounts of
drugs may be ordered but not consumed). However, it is unlikely
that trends and proportional use of antibiotics would be affected
by the use of purchase data. Microbiological and pharmaceutical
data were provided on an annual basis. Thus, rapid fluctuations in
antibiotic consumption or AMR are not provided. Also, our ASP
lacks precise tracking of consultation effects on antibiotic pre-
scriptions (for example: decrease in duration of treatment, escal-
ation or early de-escalation, confirmation or discontinuation of
ongoing treatment, not starting an antimicrobial therapy).
Process metrics and outcome parameters are important to
ameliorate the ASP, but data collection requires significant dedi-
cated human and electronic resources that should be considered
by policy makers. The shift to electronic records represents a un-
ique opportunity to facilitate data collection and implement AMS
aspects. We provided a detailed list of interventions and BCTs.
This is useful to translate the results of our AMS. However, it is
not possible to quantify the effect of single interventions. It
must be considered that any BCT is targeted on specific beliefs
and culture context. As shown for other BC experiences, i.e. the
Matching Michigan ‘paradox’,>” our results may be not reprodu-
cible in different cultural contexts.

Conclusions

We have shown an ASP deeply embedded in the hospital cultural
context, characterized by effectiveness (reduction of overall con-
sumption of antibiotics and targeted antibiotics), sustainability
(long-term effects), resiliency (trends that persisted over the
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years and during SARS-CoV-2 pandemic) and efficiency (increas-
ing overall workload) in a resource-limited setting.

Resources for AMS are lacking in most countries, and the re-
cent COVID-19 pandemic has shown the frailty of many ASPs
and the importance of allocating resources in the field. Despite
the demonstrable feasibility of implementing an ASP in low-
resource settings,”®™° as evidenced also by our work, it is crucial
to ensure continuity of programmes by planning for resource im-
plementation over the years. If ASPs prove effective even with a
limited number of professionals, this should be seen as an oppor-
tunity to disseminate such programmes across any healthcare
setting. Beyond economic considerations, the personal, social
and human values of each team member should not be forgot-
ten, as we believe they play a central role in the success of an
ASP. The take-home message for stakeholders is that the scarcity
of resources, rather than an excuse to delay the initiation of ASP,
should be an impetus for selecting suitable and highly motivated
personnel who can make a difference in the institution.
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