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ABSTRACT
Background

Antimicrobial resistance (AMR) is a global public health priority. This is
primarily due to the rapid increase in AMR bacteria causing common
healthcareassociated infections (HAI) and commuraquired infections
(e.g. urinary tract infectionsnd pneumonia). Inappropriate antimicrobial
use (AMU) isn important cause of AMROf particular concerris AMRIn
longterm care facilities (LTERvhere 40-75% inappropriateprescribing
occurs, leading tancreasel levels ofmultidrug resistant (MDR) lacteria.
Inappropriate AMU in LTCHacludes prophylactic and broad-spectrum
antimicrobial prescribingwhich arecontrary to local prescribinguidelines.
Adverse drug evest(ADEs)such adHAI as well agastrointestinal, skin
related and neurological ents,are often associated with antimicrobiase
Prevention and control of BEsrelating to antimicrobials are central to
patient safety which can be achieved through improved prescribing
Antimicrobial stewardship (AMSgpresents areffective intervenion for
improving AMU, reducing ADEs and slugthe emergence and spread of

resistant bacteria.

This thesis aims to analyse antimicrobial prescribiimgorder to improve
antimicrobial use angromote AMS in the LTdR Ireland.In Ireland, point
prevalence airveys (PPS) on HAI in LTIEALT) have been completed on four
occasions since 2010, the most recent in 20However, in-depth
understanding of theisk factors for HAI in LT@nains limited due to lack
of research Thisthesis identifes the insttutional and resident level risk
factors associated with HAl and AMU from HALT PPStamdsk of ADEs
relating toantimicrobials This informatiorcan be useful for designing AMS

interventions to improve AMU in Irish LTCF
Methods

This thesis ia combiration ofsecondarydata-analygsandhas utilizeddata

from severaldifferent sourcesThe main data sets used were from the HALT

XXV



studiesin Ireland.Chapter 3 analyseand comparedhe data from the 2013
and 2016 HALT studies to explore factors related toantimicrobial
prophylaxis in LTCF in Irelandhaptes 2 and 4 focused on mulevel
analysis of the 2016 HALT data amedto identify LTCHeveland resident
level risk factors foAMU and HA(Chapter 2) and texplore adherence to
prescribing guidines and identify risk facto@ssociated withnappropriate
prescribingin Irish LTCEChapter 4)It was necessary to collect additional
datafor these analyses, abe HALT dataollected in May 2016 was only
from thoseresidents meeting the surveillae definition of HAl and/or AMU
and as suchwere not poweed to perform multiHlevel analysisAdditional
data onage, sex, the presence of a urinary catheter and disorientatias
collected from all esidents residing in LTGR January 2017and was
matched with HALT 2016 datdMatching was performed to those on
additional database by sex and age (closest in age) as well as urinary catheter
use and disorientation; the case in the additional database was then

replaced with the matched case from the origitdALT 2016 database.

The second data sets analysed were thos&om previously published
randomised controlled trials (RCT®) fluoroquinolones (FQs) li@pter 9,
which were used to perform a systematic review and matzlysis of the
risk of ADEsassocated with FQs The systematic reviewocused on
comparing the risk of ADEs of $@¥eto other antimicrobial agents used in
primary care. The review followethe Preferred Reporting Items for
Systematic Review and Metmalysis (PRISMA) guidelinePata
managementof reviewwas carried out in Covidence atite metaanalysis

wasdonein Revman.

Thirdy, Chapter Ganalyseddata froman RCTof amoxicillin for acute lower
respiratory tract infections (RTI) frotihe GRACEudy(Genomics to combat
Resistance agast Antibiotics in Communitgcquired LRTI in Europé)
subgroup analysis AADE of amoxicillin was performedtilising the data

collected as a part dhistrial.
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Results

A total of 224 (10,044 residents) and 190 (9,318 residents) LTCF participated
in HALT 2016 and 2013 respectivéiythe 2016 study tte prevelance of HAI
was 4.6% and AMU was 10.6% in Irel@dfithose on antimicrobials, 46% of

the residents were on secoddhe antimicrobials.

Out ofthe 224LTCF participating in HALT 2@i#&t we contactedin January
2017, 80 LTCF provided additional information 8/816 residentsMulti-
levelanalysis identifiedbetweenLTCF variation in HAhd AMU (Chapter 2)
as well assecondline AMU (Chapter). Less AMU was associated with
provision of medial careby the personal general practitioner (OR: 0.6; 95%
confidence interva(C): 0.7-1.0); increase&l number of lealthcare assistants
(OR: 0.9; 95% CI: 6190}, the presence of a coordinating physician (Odds
ratio (OR): 0.3; 95% CI. @) an AMScommittee (OR: 0.2; 95%; CI: 0.1
0.6) and feedbackon antimicrobial consumption (OR: 0.3; 95% CI:@6&).
Feedback on surveillance of infection prevention and control (IPC) practices
(OR: 0.6; 95% CI: e130)were associated with less HRoviding eduation

to prescribers on appropriate AMU and guideline use (OR=0.2; 9534-CI
0.7) was associated witless secondine AMU.However a resident risk
factor, the presence o& urinary catheterincreased theisk of HAI by 2.6

times and AMU by 2.2 times.

The comparison of two HALT studies on prophylactic antimicrobials (Chapter
3) showed increased use of prophylactic antimicrobials in HALT 2016
compared to HALT 2013. Overallpmathan 40% of the residents were on
prophylactic antimicrobials Prophylactt antimicrobials were most
frequently prescribedor urinary tractrelated conditions(72%) followed by
respiratory tract (15%), and skin wound (8%). The maiascribed
prophylectic agens were nitrofurantoin (3999, trimethoprim (41%) for
urinary tract, macrolides(47%) for respiratory tract and macrolides and
tetracycline(56%)for skin woundrelated conditions FQs accoued for 2-

5% of prophylacti@antimicrobials Female residents andesidentsliving in
LTCF for more than a year were moffeen on prophylactic antimicrobials.
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Thesystematic review and metanalysigChapter 5)dentified that FQ use
wassignificantly associated with central nervous system (€&l&ed ADEs
(OR 1.4; 95% CI: 1:1.7;P= 0.003 heterogeneity ) = 0%) and
gastrointesinal (Gltract-related ADEs (OR1.2;95% CI: 1-1.4;P= 0.005%
I>= 80%) Withdrawal or discontinuationrdue to drugrelated ADEs was
higher with FQs(OR 1.2; 95% CI: 14.4;P= 0.05 I>= 5%) compared to

other antimicrobials.

The subgroup analys{€hapter 6) identified thaamoxicillin use causka
significantlyhigher proportion of any ADEs (diarrhoea or nausea or rash)
(OR: 1.3; 95% CI: 1116, number needed to harm (NNH) = 24) and of
diarrhoea (OR: 1.4; 95% CI:-1.9, NNH = 29ompared to pacebo group

No subgroupof patientswere at increasedisk of any ADESs, excefor rash

in males prescribed amoxicillin (interaction term 3.7; 95% Cl11.2; OR of

amoxicilin in males 2.895% CI: 1:1.2).
Conclusion

The collection of limited addidinal informationon all residents fromHALT
2016 participating LTCHcreased the poweof the study andallowed for
multilevel analysis. The analysis showed substantial variation in HAI and
AMU and identified significantassociationsat LTCF and residem¢vel.
Hence the inclusion of all residents in the LTCF is recommended for future
HALT PPS.

Adherence to antimicrobial prescribing guidelsnevas low with a high
prevalence of prophylactiand secondine AMU in the LTCHhe use of
broadspectrum antimgrobials, specifically FQwas associated witha
higher risk of CNSand Glrelated ADEsTherefore, an effective and
sustainableAMS interventionprogramme is requiredor IrishLTCFSuch a
programmewould improve AMUand elderly care as well agedudng the
risk of ADEs and AMPhe identified associaed risk factordor HAI, AMU,
and ADEshould be conslered while desiging AMS interventions for LTCF.
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Chapterl: Introduction

CHAPTER 1: INTRODUCTION
A/]n]j _an] mh¥% ' YadipYalvané |

1.1 Antimicrobial

Antimicrobials are substances that kill microorganisms or inhibit them from
multiplying (reproducing) or growingl). They are produced by living
organisns (e.g. penicillin) as well as by chemical modification of the
substances (e.g. doxycycline) and by synthetic meansr@ifjuinolones
(FQs)1). Antimicrobials hat kill bacteria are termed bactericidal and those
that inhibit bacterial growth are termed bacteriostati2). They are
differentiated as antibacterial, antifungal and antiviral based on the

spectrum of organisms they are active against.

Salvarsan, the first antimicrobial agentas discovered in 1910 by Paul
Enhrlichand was used to treat syphili@, 4) In 1935,a synthetically
produced sulfonamide called prontosil was introduced as a therapeutic and
relatively nontoxic antimicrobial aget (5). In 1928, penicillin was
discovered by Alexander Flemif4) from the naturally occurring madds
Penicillium chrysogenurand Penicillium notatum(1, 6) Following the
commercial introduction of penicillin in 1942, the period betweabe early
MpnnQa (G2 mMdbdcnQa gFa YFENJSR |a édKS
(FHgure 1.1)7). Most of the antimicrobial classes now in use were discovered
during this period5, 8) An innovation gap for antimicrobial discovery was
observed between 1962 to 200@&hen no new classes ddntimicrobials
were introduced(7). A limited number of antimicrobial agents haveene
developed since this time, the most recdming in 2014 (Oxadiazole@®),

10).

] b7/
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Note:No new structural classes of antibiotics were introduced between 1962 and 2000, representing a
serious innovation gap during the genomic €fa

Copyright obtained from Springer Nature and Copyright Cleara@eatre RightsLink®ervice.

Antimicrobials act by disrupting various molecular targets within bacteria
and their cell surfacethereby either preventing the growth of bacteria or
killing them(11). Antimicrobials are classified based on their chemical and
molecular properties(2). Examples include befactams, macrolides,
tetracyclines, quinolones, aminoglycosides, sulphonamides, glycopeptides,
and oxazolidinones. Bthanisns of action vary between antimicrobial
clases(Hgure 1.2)12). Certain classes inhibit the synthesis of bacterial cell
walls (2, 11, 13) For examplgbetalactam antimicrobials, such as penicillin,
block the transglycolyses and transpeptidase enzymes activity in the
bacterial cell wall and kill the bacteri@0, 14) Theg enzymes are essential
for the synthesis of peptidoglycan in the bacterial cell wall. Simileglyain

antimicrobials (e.g. polymixin, daptomycin) bind to the cell membrane

2
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altering the cell membrane structure and making it more permeatdesing
leakage of cellular molecules due to disruption of osmotic balance and cell
death (2, 13) Some antimicrobials inhibit the synthesis of nucleic ;dcid
example quinolones and novobiocir{15) block the replication or stop the
transcription of deoxyribonucle acid (DNA) while actinomycin (16)
disrupts the activities of bacterial enzymes preventingmibdeic acid (RNA)
synthesis. Antimicrobials such as erythromycin, clindamycin, lincomycin,
chloramphenicol, and linezolid inhibit the synthesis of the ribosome 50s
subunit and aminoglycosides, tetracycline, tigecycline, and streptomycin
inhibit synthesisof ribosome 30ssubunit, disrupting RNA synthes(4.0).
Antimicrobials such as trimethoprifi7)and sulfamethoxazolél8)inhibit

folate synthesiswhich prevents bacterial growth.

DNA-directed RNA
ou e R

Cycloserine Qui,,o.o,,es.[ Nalidixic acid Nelbicaichs Rifampin

Vancomycin Ciprofloxacin Streptovaricins
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Figure 12 Antimicrobial target sies (Madigan and Martinko, 2006)
Copyright permission obtained from the author of the bo¢k2) Michael T

Madigon

Bacteriathat areresistant to one agent in a class of antimicrobial agan¢
generally resistant to one or more agemfisthe same antimicrobiatlass

a phenomenon known ascrossresistance (19) For example, if
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Staphylococcus aureisresistant to penidin, this often confers resistance
to co-amoxiclav or cefuroximbecause they are chemically related and act

at the same point in cell wall synthesis.

1.2 Antimicrobial Resistance (AMR)

AMR can be either intrinsic or acquir¢d0). When an antimicrobial is
dismvered, it is intended to act against some species or genera of
microorganismAn organism is intrinsically resistant to a newly discovered
antimicrobial when that antimicrobial demonstrates no appreciable
inhibitory effect on its growth(20, 21) For exampleKlebsiella specieme
intrinsically resistant to ampicillin(22). However, most resistances are
acquired when a species or genera originally susceptible to an antimicrobial
develops resistance after a period of use. For example, in thelBi@s
Streptococcus pneumordavas susceptible to penicillimd cephalosporin

but now these antimicrbials are not active against this microorgani&f).

Bacterial resistance to antimicrobsatan hae a mechanistic or genetic
basis(21) There are several differemhodes of resistancethat can be
described as mechanistic such as modification or destruction of
antimicrobial molecules, decreased antimicrobial penetration, efflux,

changesn target sites, and mutation@1).

The genetic basis @&MRcan be either by genetic mutation or by obtaining

antimicrobial resistance geneda genetic transfer(1l, 21) Mutation is

alteration in the DNA sequence that makes up a gene. It can affect a single

DNA building block or a large segment of a chromosome that includes

multiple geneg(24). An example o mutational resistance mechanism is

Ydzi | GA2Yy A A yresisBeRGIIENFAYAYWS NBBAAZ2YE O6vws
FQ resistance. lkoroquinobnes kill bacteria by altering DNA replication

through the inhibition of DNA gyraser DNA topoisomerase J\énzynes

essential for DNA replicatid21, 25) When a spontaneous mutation occurs

in the QRDR of thegyrA or parC gene encoding these enzymes,

antimicrobials no longer bind efficiently. This allows the baate continue
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DNA replication(25). Genetic transfer is a mechanism by which genetic
material is obtained by a bacterium either through conjugation,
transformation, or transduction (11, 21) Conjugation is mediated by a
plasmid, which is an extrachromosomal element of circular DNA often
present in bacteria that replicate independently of the host genome. When
two cells are in close proximits donor cell extenslone or more projections
called conjgative pilli that attah to a recigent cell and pull the two bacteria
together. A bridgeessentiallyan extracellular tubular structure known as a
pilus forms between two cells and then oneopiedstrand ofplasmid DNA
passes into the rapient bacterium The recipient celhgaincan in turn,
becomeadonorcellthat can make its ownonjugative pilli and transfer DNA
to other cells(26-28). Many plasmids carry genes responsible for AMR
making the ceransfer of AMR possible duringpnjugation The gnr FQ
resistance  gene Extendedspectrum Betdacamase  (ESBLS),
carbapenemases ananobilised colistin resistancémcr-1) are classic
examples of plasmithediated resistancg29, 30) When bactea uptake
free-floating DNA directly from the surrounding environment and
incorporate it into their own DNA, the process is callechgfarmation(21,

26). The bacteria can benefit if th acquired DNA encodes forVIR.
Transduction is a process whereby bacterial DNA is transferred from one
bacterium to another via a bacteriophagehage)(31). Phages are viruses
that infect bacteriaand use them as factories for se#iplication When a
phage infects a bacteriunit can end up incorporating part of the genetic
material of the bacterium irg its own which can then be transferred to a
new host(31).

Understandilg plasmidmediated AMR is crucial in LTCF due to increased
prevalence of antimicrobial use and increased mdittig resistant bacteria
(32). AMR plasmidscan transfer between bacterial strains, species and
sometimes even genera. Thaye seledtvely taken up and propagated
environments where antimicrobials are present, as they provide a survival

advantage to the host. There is a fithesstdomsthe bacteriumassociated
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with maintenance of a plasmid, smnverselyin areas where there is no
selective pressurgacteria that contain AMR plasmids are at a competitive
disadvantage However AMR pgasmidsfrequently contain additionalgenes

for resistance to metals (e.g. Iron, Mercury, and Copper) and surface
disinfectantscommonly usedn healthcare environmest One of the metals

or disinfectants is then sufficient to maintain selection of all the resistance
mechanisms orthe AMR plasmid, a phentenon known asco-selecton
(33). Multidrug resistancé MDR)plasmids(plasmids that confer resistance
to multiple antimicrobial classesre alsoco-selected for in the presence of
any antimicrobialthat they confer resistance tpwhich explains their
prevalence in LTCEhould aMDRplasmid confer resistance to penicillins,
3rd generation cephalosporins anE(®, bacteria containing this plasmid
wouldsurvive and multiplyn any LTCF resident on amoxicikincephalothin

or ciprofloxacin

Other mobile genetic elements that aid in the genetic acquisitioAMR
includetransposors, integrons and gene casseti{@sl). Theseslements can
transferAMRgenes between siteon the same or different DNA rexules.
Transpasons canincorporate resistance gesand havethe ability to move
both intra and intermolecularly. For exampléranspostion can occufrom
one plasmid to another, rofrom a plasmid tdbacterial chromosomes and
viceversa.ln the transpsons, aset of mobile transposable elemengse
available \ith small cryptic eiments called isertion sequences I§.
Integronsare madeup of a spealised recombination systermonsisting of
a gene which encodes a sipecific recombinationenzyme known as
integrase and a site at which short DNA sequences called gene cassettes
which often confer AMR, are insert€@4). If an AMR genés carried by a
particular integronthis can potentially beransferedif the intergon moves
to another bactemim or plasmid(35). All of these mobile genetic elements
contribute to the staggering propensity for AMR gene tranafedt multidrug

resistancan areas of high AMU such as LTCF.
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1.2.1 AMR as public healthteat

AMRIis a global public health iss(@)because a high level of AMR has been
observed in microorganisms causing common healthessociated
infections(HAI) and other communitgcquired infections (e.g. urinary tract
infections and pneumon)d37). AMR has become a priority for global health
action and has been discussed both in the GeneralmAskeof the United
Nations (UN) in 201@8)and at the G20 Summit 20139). In 2014, a revi®
commissioned by the United Kingdom (UK) government estimated 700,000
deaths per year worldwide due to AMR and predicted that the number will
increase to 10 million per year by 2050 if appropriate action igaian(40).

This estimated figure is nat higher than the predicted deaths by cancer
alone, with an economic losg ©00 trillion dollars globall{40). In the 2015
World Health Assembly, all member states committed to the development
of a national plan of action and the reporting of theogress on these plans
before 2017(41) Following this, the World Health Organisation (WHO)
released the Global Antimicrobial Resistance &ilance System (GLASS)
report 201617, which revealed a high level of resistance to a number of
serious bacterial infections in both higand lowincome countrieg42). In

the European Union (EU), it is estimatthat AMR causes 3B10 deaths
(43), and 1.5 billioreurosextra healthcare cost and productivity losses due
to multidrugresistant (MDR) bacteria annual(82) MDR bacteriaare
resistant to multiple antimicrobial agesthowever the defintion should
include resistantto at least one antimicrobial agerftom at least three
antimicrobial categorie§4). In recent years, thexcreasngproblem ofpan-
drugresigant (PDR)acteriahas also been reporte@5). PDR is defined as

bacterial resistaneto all antimicrobial agersttested for suscephility (44).

In Ireland, in 2011, a national programme document and a HSE clinical
advisory group orHA) and AMRwere established46). Subsequently, a
national task force on HAI and AMR was seinu@015to address the health
threat posed by HAI and AMR in Irela@d). The National Risk Assessment
(NRA) identified AMR as one of thational risls to human health(48). To
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address this risk, Ireland published a national action plan (iNAP) onfé&xMR
20172020. The INAP aims to apply a One Health approach and was
RSOSt2LISR Ay fAYS gAGK 2| -BOFEA7)DE 20| f
However, most of these initiatives focus on acaége hospital settings and

less so on community settings.

The WHO has highlighted the threat MIDR grarmegative bacteria and
categoried bacteria for which research and development of new
antimicrobial agentss most needed(49). The critical and higlpriority

category bacteria are:

I Critical category
1 Acinetobacter baumanncarbapeneraresistant
1 Pseudomonas aeruginosarbapenemresistant
1 Enterobacteriaceaasarbapenemresistant and ESBL
il. High priority categoy
Enterococcus faeciumarcomycinresistant
Saphylococcus aureusamcomycinand, methicillin-resistant
Helicobacter pyloriclarithromycinresistant
Campylobacter sppfluoroquinoloneresistant

Salmonella sppfluoroquinoloneresistant

=4 =2 = =4 -4 -

Neisseria gonorrhoea, fluoroquinolone and cephalosporin

resistant

The development of new antimicrobial agents is very sl®@) and
pathogens resistant to existing antimicrobials are increasing rapidly
(Fgurel.3), thus limiting antimicrobials for future usdsigure 1.3
demonstratesvhen newantimicrobialshave beerintroducedandresitance

has evolvedapidlyover time.The main reason fdhe slow development of
antimicrobialsis the regulatory burdei(51). The cost of drug trials are very
high(from phase | to Il clinical trials aagost-approval follow up trigland
they require an extensive period of time ta@ompkte before the drug is

availablein the market for human usg1, 52) This déay reduces the length
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of time that companies can recoup the costs of development through
exclusive sales of their drug before it goes-mdfent, after which
competitors can manufacture generics and sell them for a fraction of the
price. Evenwhenthey are available in the market, societies are notlwd

to paya high piice and unlike drugsused to treat chronic conditionsheir

use isprescribedfor a limited period and only whenreally needed by
patients (51). In recent years due to huge public health implicatien
regulators, policymakersand companies have started tincentivise
antimicrobial devedpment (51). As of the latest update, September 2018
42 antimicrobials are in clinical developmeand 2 antimicrobials are
already approved for human us®©nly 21 of the 42 antimicrobialgre
expected to be active against pathogeon CDC urgent pathogen list and
only 13 againstthe pathogendNHO classifgs critical53).

Theprevention and control of AMR farther challengedoy the misuse and
overuse of antimicrobials in human meiie, livestock, fisheries, and crop
production as well as poor sanitation and infection prevention and control
(IPC) practices in healthcare settin§g-56). This has resulted in increased
morbidity, hospitalisaon, cost of careand even the risk of death due to

ineffectiveantimicrobial treatment(38-40).
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Antimicrobial Resistance Identified Antimicrobial Introduced
penicillin-R Staphylococcus

penicillin

tetracycline

erythromycin

tetracycline-R Shigella
methicillin

methicillin-R Staphylococcus

penicillin-R pneumococcus

entamicin
erythromycin-R Streptococcus 9

= F vancomycin

gentamicin-R Enterococcus

imipenem and

ceftazidime
ceftazidime-R Enterobacteriaceae

vancomycin-R Enterococcus

levofloxacin-R pneumococcus 90 levofloxacin
imipenem-R Enterobacteriaceae
XDR tuberculosis ( linezolid
linezolid-R Staphylococcus

vancomycin-R Staphylococcus

> daptomycin
PDR-Acinetobacter and Pseudomonas i 2

ceftriaxone-R Neisseria gonorrhoeae

2 ceftaroli
PDR-Enterobacteriaceae SR

ceftaroline-R Staphylococcus

Figure 13 Timeline of antimicrobial resistance compared to antimicrobial
development.

Note: Onaverage, resistance to an antimirobal generally develojhin 9 years
(Range 1 to 19 years) of its first clinical use.

Cited from U.S Department of Health and Human Services, CDG@P13
1.2.2 Epidemiology of AMR

AMR is a critical healthcare issa#fecting all age groupshowever, the
problem is particularly pronounced in the elde(ly7, 58)residing in long
term care facilities (LTCE9). LTCFRre often regarded as a reservoir for
antimicrobialresistant bacteria stram(60). E.coli(34.4%),Staphylococcus
aureus(10.2%),Proteus mirabilig8.1%),Pseudomonas aerugino$é.8%)
Klebsiella pneumonia®.7%) andClostridium difficil€5.0%) weretlie most
common isolated microorganisms in LTCRE37). Methicillin-resistant

Staphylococcus aurey®RSA), Vancomyenesistant enterococas (VRE)

10
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and multidrugresistant gram negative bacteria E.coli, Klebsiella
pneumoniae, Proteus, Pseudomonas aeruginosa, Acinetobacter baumanni)
are the most important antimicrobialesistant bacteria studied fronan
epidemiological perspectiven LTCK61). The prevalence of AMR varies
across Europe, and the percentagehigher in south and soutkeasern
Europe compared to northeri&urope(62). In general, lhe prevalence of
MRSA is 18% (range 0.8% in Sweden to 57% in Spain) and VRE is 8% (range
0.3 in Finland and 45% in Ireland). In Ireland, the percentage of MRSA is
similar to EU averag(18%)EU averageshowthat 8% (0.1% in Germany to
62% in Greecepf Klebsiella pneumoniaexhibited resistanceto the
carbapenem and 18% (1% in Denmark to 59% in Slovakeg multi-drug
resistant (FQs third generation cephalosporin and aminoglyces).
Similarly,13% (2% in Iceland to 38% in Bulgarig @li were resistant to

third generation cephalosporén and5% (2% in Norway to and 17% in
Slovakiajvere multidrug resistan{FQs third generation cepalosporin and
aminoglycosides62). The latest availabl2013 data from the European
Antimicrobial Resistance Surveillance Network (EN&Y showed 54%
prevelance oMRSA and 23% VRt of the total invasive clinical isolates
tested fromEuropean LTCE7). Gram negative bacteri®&roteusspp.(29%),

E.coli (21%), Klebsiella spp (16%) resistant to thirgeneration
cephalosporin and 23®seudomonas aeruginosasistant to carbapenem

(37)

Many risk factos for colonizationwith MRSA, VRE and multidrugsistant

gram negative bacteria in LTCF amilar(61, 63) The frequent transfer of

infected or colonised patients from acute care facilities isidied as an

important mode of transmission iIhTCK59). The use of invasive devices

(urinary cathetes, vascularcatheters), feeding tubespressure sores and

wounds multiple morbidities close living conditions, and weak immune

systens are alditional risk factos that provide a favourable anronment

for the spread of AMR (64-67). Specific to MRSA, contamination of

KSIf GKOFNBE LINPGARSND&a 3I2¢6Yy I yoRindf 23S a
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the transmssion andMRSAransmissiorfrom gownis 14%and from gloves

is 24% (68). Elderly people in LTCF are vulnerable to various common HAI
and ae more often on antimicrobialG9). The most common and important
infection associated with antimicrobial ug&MU) and associated with
antimicrobiatresistarceis Clostridium dficile infection (CDI)Jn LTCFOf the

total number of people with CDI in LTCF, 76% hadken an

antimicrobialbefore they were iddified asClostridiundifficile positive(70).

1.3 Longterm Care Facilities

LTCF are unique in composition when compared to other healthcare
settings. Various types of LT@kst in Europe. In the majority of European
countries, LTCF provide care for the elderly (e.g. residehbmes, NHs),
physically disabled (sometimes for younger people), intellectually disabled
and people with mental illness. Some countries also have mixed care
facilities. The objectives the populatiors served admission criteria,
available serges, andpolicies of these LTQbrincipally depend on the
health care resources availalitethem. In Ireland, LTCF are categorised into
sixtypes: generahursing homesNHS9, intellectual disability facilities (IDFs),
psychiatric facilities, physical disabiliicilities, rehabilitation facilities, and
mixed care facilitieg71). Mixed care facilities provide mixed care services
such asehabilitation care, psychiatric care, or nursing cane2013, ECDC
estimated that there were 63,224 LTCF in the EU with a capacity of 3.7
million beds(37).

In line with national standards, ireland, LTCF aim to providesidents with

a good quality of life and access to all necessary health ¢a2¢ The
standard of care is monitored by the Health Information and Quality
Authority (HIQA), which is an independent authorityeiosuresafe, high-
guality care for people using helaland social care servicesicluding
residential care services. Based on the Irish health and social context, HIQA
developed a National Quality Standard for Residential Care Settings for
Older People in Irelandccontaining eight themedOf them, Theme 3 d@e

serviceg Provides the standard for infection prevention and medication

12
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(prescribing) practices in LT@R)as listed belowinfection Prevention and
Control (IPC) practiceare an important approach or solution used to
prevent harm caused by infections to patients and/or healtreqaroviders.
The key areas of IPC practice include hand hygiene, injection safety,
prevention of surgical site infections, quick response and recovery to
notifiable disease such as influenza, measles, zika andR@do combat

AMR etc.

I Each residenshould be safeguarded from abuse and neglect
and their safety and welfare should be promoted.

il. Resident service has to be effectively arranged to manage risk
and protect resident from risk of harm.

iii. Infection Prevention an@€ontrolpracticeshould achievelte
best outomefor residents.

V. Each resident should be protected through residential

services policies and procedure for medicine management

According to the 2017 World Population Prospectus, an estimated 962
million people were aged 60 or over, accougtifor 13% of the global
population(73). This older population is expected to more than double (2.1
billion) by 2050 and more than triple (3.1 billion) by 2100. Globally, the
population aged 60 and over is growing faSbmpared to other regions of

the world, Europe hsithe highest percentage (25 of people over the age
of60(73Yp LYy HnanmcI | OO2NRAY3I (G2 OSyadza
million, of whom 13% were aged over 65. This was an increase ofr@8P6 f

the previous census in 20114).

In general, older people live in residential care faedibecause of longerm
physical or cognitive impairment, chronic illness, and social circumstances.
They more often suffer from multiple emorbidities and are exposed to
indwelling devices and invasive procedu(é4-67). LTClprovide care to 2

3% of the older population in developed countr{&$). The Organisation for
Economic Caoperation and Development (OECD) estimates about 12% of
the population 65 years or over reive some form of longerm care services

13
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either at home (65% of the s@ces) or at institutions (36%76). In Ireland,
of the 637,467 people aged 65 orayy 3.6% are living in 606 LTiIGR2016

(77)and this number will certainly increase in the coming years.

1.4  Healthcareassociated Infections and Antimicrobial Prescribing
1.4.1 Healthcareassociated infections (HAI)

Traditionally, infections were clafisd according to their place of
acquisition community-acquiredor hospitatacquired infection78). These
infections were redefined as HAI in 2002 to include both commuaityl
hospitatacquired infectiong79, 80) Communityinfections included in the
HAI definitionare defined asgnfections arising from a previous history of
healthcare exposureand do not include nosocomial infectigf78). The
infections that occur during the course of hospitalization are defined as

nosocomial infection§79).

A HAl is an infection that is acquired after contact with healthcare services
either in the hospital or outside hospité81). HAI occur in all types of care
settings, including acute care hospitals, ambulatory surgieaitres,

outpatient care and LTCF.

HAI are caused by infectious agents from endogenous or exogenous sources
(82). Body sites such as the skin, nose, mouth, gastrointestinal (Gl) tract, or
vagina are endogenous sources, where local microbiah ft@n become
invasive under specific conditions and cause infection. Healthcare workers,
visitors, patient care equipment, medical devices, and the healthcare

environment are examples of exogenous sources.

Each year, hundreds of millions of patients affeected by HAI, representing

a significant health burden both in terms of morbidity and mortality and
substantial financial log83). In 2011, the WHO reported thain average

7% of patients in developed and 10% in developing countries acquired at
least one HAI, and death occurred in 10% of affected patig@#} In2014,
WHO reported HAI prevalence between 5.7% and 19.1% alodvmiddle

14
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income countrie$83). It could be more than the given figys surveillance

systems for HAI are virtually naaxistent in lowincome countries.

HAI are common and important causes of illness among residents in LTCF. A
point prevalence survey (PPS) by the dpean Centre for Disease
Prevention and Control (ECDC) reported a 3.4% HAI prevalence in LTCF in
Europe and the prevalence varies across EU/EEA (European Ecdéwen)
countries (Figurel.437). From 2010 to 2016;Al prevalencevasbetween
2.8%and 3.4%, which is similar to theU averag€71, 85). HAI in LTCF are
often associated witimmune responseof the residents, agassociated
changes in anatomy and physiology, -roorbidities history of
hospitalisations, greater exposure to virulent pathogens due to closed
environment,mechanical interventionsuch as feeding tubes, and invasive
device and proceduressuch as urinary catheter and ventilato(86).
Residents in LTCF are often colonized with bacteaemay cause infection

and can serve as a reservoir of infection, transmitting infections to other
vulnerable resident§87). The most frequently repted endemic infections

in LTCRre urinary tract infection (UTI), respiratory tract infection (RTI), and
skin and soft tissue infection (SSBl}, 71, 88)In EU/EEA countries, RTHan

UTI eaclconstitute 31.2% and skin or wound infections 22.8%he total

HAI in LTCE7). Similar types oAl were reported in Irish LTEBm 2010

to 2016, with UThavingthe highest reportd prevalencefollowed by RTI

and skin wound infectio71, 85, 89, 90)

15
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Croatia* —
Slovenia* —
Sweden —
Hungary —
Germany —
Denmark —

Italy —

UK - Wales —
Belgium —
Finland* —
Malta* —
Norway* —
Ireland —

Czech Republic* —
Greece* —

UK - England* —
Netherlands* —
UK - Northern Ireland —
Portugal —

0 40 80
Residents with a HAI (%)

Figure 14 Prevalence of eligible LTCF residents with at least one HAI, by country,
HALT2, 2013

* Poor orvery poor national representativeness of LTCF sample Red vertical line: crude median (2.8%)
Box plots indicate the 25th, 50th (median) and 75th percentiles; adjacent lines indicate the boundary

1.5x the interquartile range.

Copyright from®© European Ceme for Disease Prevention and Control, 2014, HALT repon(ﬂﬁ)s

Urinary tract infections (UTIS)

UTl is a type of infection developed when foreign bacteria enter and infect
the urinary tract(91). UTs are usually diagnosed based on clinsighs and
symptoms and confirmed by microbiological analysis of the urine. Symptoms
of UTI are pain or burning sensation during urination, a frequent need to
urinate, lowgrade fever, cloudy or blaty urine, and lower abdominal pain
(92).

Lower UTI is the infection of the bladder (often referred to as cystitis) and
the urethra while upper UTI is the infection of kidneys and ureters. Upper
UTI is more serious than lower UM3) Symptomatic bacteriuria is
confirmed when there is a significant amouii0* colonyforming unit per
millilitre (CFU/mL)of bacteria present in ume, along with sigs and
symptoms of infection(94). UTI are uncomplicated when no urological

abnormalities are identified and complicatadhenurological (kidney stone,

16
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prostate cancer) or other sewverconditions (spinal cord injuries) or
structural and functional abnormalities (e.g. congahanomalies of kidney)
are present(95). UTI are often recurrentdefined asmore than two
diagnosednfections over a six month period or more than three infections

in one year(96).

Females are more often diagnosed with a UTIs compared to males and
around 5060% of women have at least one UTI in their lifet{{®#&). Though
everyone is susptible to UTIs, pregnant wome®8), elderly peoplg99)

and patients with certain conditionsuch as spinal cord injuri€s00)and/or
catheter carg(101) diabetes(102)and underlying urological abnormalities

(103) are at increased risk of a UTI.

Diagnosis of UTIs in LTCF residents is challenging due to difficulties in
communication, for instance in residents with dementia or stroke, a high
prevalence of chronic urary symptomssuch as urinary incontinence, and

a lack of standard laboratory test available to confirm suspected 107

The prevalence of asymptomatic bacteriuria, microbiological growth
without clinical symptoms in ICF is high particularly in elderly residents
(105) The risk of UTI also increases with an increase in the duration of
catheterisation(94). Studies haveaported that the use of a urinary catheter

is often associated with a UTI in LTOFL, 106108).

Respiratory tract infections (RTIs)
RTI refers to any infectious disease of the upper and lower respiratory tract.
Upper RTIs include the common cold, pharyngitis/tonsillitis, acute
rhinosinusitis, and acute otitis media. Lower RTIs include acute bronchitis,
bronchioitis, pneumonia, and tracheiti{d09) RTIs affect all age groups but
are more common in elderly peoplage is a significant risk factor for RTls,
particularly for lower RTIs and pneumor(itl0) More than onethird of
infections in LTCF are RTIs, making RTIs the most common infection in these
settings (37, 65) Lower RTIs, including acute exacerbation of chronic
obstructive pulmonary disease (COPD) and pmeuia, are the leading
causes of mortality and hospitalisation in LTCF residdriis, 112)

17
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Upper RTIs are generally skthiting and complications are likely to be rare

if an antimicrobial is withheld or delagd (65). Antimicrobial treatment of
uncomplicated acute bronchitis is not recommended on a routine basis
unless pertussis is suspected and confirmed following diagnostic(ies33
However, antimicrobial treatment of RTIs is frequeatcounting for nearly
40% of all prescribed antimicrobials in LT&F. A recent European large
scale randomised controlled trial (RCT) reported no benefits of
antimicrobials for acute lower RTI treagmt in primary care and in patients
above 60 years of ag€l14) The practice of treating viral respiratory
infections such as influenza is another seriousassuLTCFOver the past
decades, influenza vaccinatidhas been recommended to people over 65
years of age as an effective meastd5) An RCT slwed 50% or greater
reduction in influenzaelated illness after influenza vaccinatighl6) An
estimated 147 cowes of antimicrobials per 1,000 persons are annually
prescribed for influenza in LTCH.7)

Skin awl soft tissue infections (SSTIS)

Uncomplicated SSTIs include superficial infectiosisch as cellulitis,
erysipelas, simple abscesses, impetigo, and furun@dés8) Complicated
SSTls involve deeper soft tissues, requirisurgical intervention (e.g.
infected ulcers, infected burns), or infections qolimated by a significant
underlying disease that affexthe response to treatment.

SSTIs are the third most common infeot in LTCHNearly 85% are cellulitis
and 8%arefungal infectiong37, 71, 119)Olderresidents in LTCF generally
suffer from SSTI because of several physiological changes due to,ageing
including skin drynesand thinning blood vesselgl20) Dry and itchy skin
serves as a portal of entry for pathagethat can infect the skin. Pressure
ulcers are another common infectiproften developing into cellulitis,

osteomyelitis, bacteraemia, and septicaer(il20)

Approximately 70% of pressure ulcers occur in the didpopulation(121)

The risk factorsfor SSTIs in an elderly population include immobility,

18
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incontinence, inability to present symptoms due to decreased cognitive

function €.g confusion, dementig)and presence of neurological deficits

egh ' fT KSAYSND&a RA&ASIH&AST AGNRP1eS0O P hGKSNI T
catheter) impaired nutrition andother medical conditionse(g diabetes,

malignant disease)119, 120) These risk factors impaine wound healing

process therefore, correct diagnosis and appropriate treatment of skin and

wound infections is ercial. A study in Ontario Canada reveadeat 35% of

skin infections treated with antimicrobialsdinot meet diagnostic criteria

(122) In LTCF, 16% of antimicrobials are prescribed for skin and wound

infections of them, 23%are prophylactic(37, 71, 89)
1.4.2 Antimicrobial prescribing

Antimicrobials are essential for the prevention and treatment of various
bacterial infections(123) However, prescribing antimicrobials should
include obtaining an accurate diagnosis of infection using both clinical and
microbiological parameters(124) dinical parameters include signs
symptoms, and the location of the infectioMicrobiological parameter
include the type of beteria causing infection. Different antimicrobials can
be used to treat different types of infectipfor example, nitrofurantoin is a

goodoption for uncomplicated lower UTI treatment but not for RTI.

There are three general modes of prescribing antioticals; empiric,

definitive and prophylacti¢125)

Empiric and definitive antimicrobial prescribing

Empiric prescribing occurs if an antimicrobial is prescribed based on signs
and symptoms without microbiological confirmation of the pathogen and
antimicrobial susceptibilityDefinitive prescribing or therapgccurs if an
antimicrobial is prescribedfollowing confirmation of the pathogen and
susceptibility(126) Both empiric andlefinitive therapy are referred to as

therapeutic prescribing.
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Prophylactic antimicrobial prescribing

Prophylactic prescribing donewith the aim of preventing infectiorf127)
Antimicrobial prophylaxis (AP given to those who have not developed an
infection and can be primary, to prevent an initial infection, or secondary, to
prevent the recurrence or reactivation of an infectigh28) AP is often
considered for recurrent UTI and cellulitpontaneous bacterial peritonitis
among patients witrtirrhosisof liver,infective endocarditis, angdertussis
Similarly, to prevent surgical site imkons (SSIs), preoperative AP is
recommended in various surgical procedu(&29) However, AP should be
limited to specific, welaccepted indications and antimicrobial agents to

avoid excess cost, adverse drug events, and AMR.

Based on the spectrum of activity antimicrobials prescribing can be narrow

spectrum or brad-spectrum.

Narrow-spectrum antimicrobial prescribing

An antimicrobial is narrowgpectrum if it is used particularly in the treatment
of infections caused by specifgroupsof microorganisms. For example,
aminoglycosides are only effective against décamrganisms, glycopeptides
only against Granpositive bacteria(130) Other examples of narrow
spectrum antimicrobials includpenicillin G, macrolides, vancomycin and

nitrofurantoin.

Broadspectrum antimicrobial prescribing

Broadspectrum antimicrobials are uséd treat infection caused by range

of micro-organismdrom different groupsor when the causative organism is
unclear. A broagpectrum antimicrobiatan refer to any antimicrobiatith
actity againsta range of micro-organismgroups includinggram-positive

and gramnegative bacteria, along with certain rickettsia, viruses, and
protozoa(131) For example, amoxicillin is effective against a wide variety of
bacteria, includinddelicobacter spp., Streptococcus spp., Enterococcus spp.,
and Haemophilg sp. Examples of broadpectrum antimicrobials include
fluoroquinolones, amoxicillin, ceamoxiclav, cephalosporin, piperaciin
tazobactamtetracycline, and azithromyci(87, 132, 133)

20


https://www.sciencedirect.com/topics/medicine-and-dentistry/cirrhosis
https://www.sciencedirect.com/topics/medicine-and-dentistry/pertussis

Chapterl: Introduction

Antimicrobial presching guidelines do not recommend broagectrum
antimicrobials unless the narregpectrum antimicrobials are ineffective to

treat the infection(134, 135)

Based on treatment initiation for infections, antimicrals can be firstline
and secondine. Generally, firstine antimicrobials are prescribed for an
initial treatment, while secondine antimicrobials are prescribed when
patients fail to respond to the firdine therapy and/orwhen symptoms
persist after a certain period of time.For example, nitrofurantoin,
trimethoprim and fosfomycin are firdine antimicrobials for UTlIwhile
ciprofloxacin, ceamoxiclav and cephalexin are the secdme
antimicrobials recommended in the antionobial prescribing guidmes
(134)

Antimicrobials consumption is increasing globa(l36) The median
consumptian rate of antimicrobials increased by 25% (from 15.5 to 19.5
DDDs per 1,000 inhabitants per day ) fro®0@Q to 2015 (137) Though
antimicrobial use AMU) in highincome countries decreased by 4%, the
increase in global AMU was primarily driven by increased usannand
middle-income cantries (137, 138) In Europe, the average total
consumption of antimicrobials was 23%fined Daily DosédQD per 1000
inhabitants per day in 201 DDD is the average adult dose recommended

per day for a drug fothe main indication.

With reference to antimicrobial prescribing in LTCF, AMU varies among
European LTCF (Figure 1(8Y) According to theEuropean Center for
Disease Prevention and ContrBPQ surveillance study, the prevalence of
residents on at least one antimicrobial agent for the treatment of HAI was
4.4% in LTCF (country range 112.1%)(37). In Ireland, the percentage of
resdents receiving at least one antimicrobial agent was 10% both in 2010
and 2016(Hgure 1.6), double the European averdg@é, 85)
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Figure 15 Prevalence of eligible LTCF residents receidh{gast one

antimicrobialagent on the day of the PPS, HART2013.

* Poor or very poor national representativeness of LTCF sample.
Copyright from®© European Centre for Disease Prevention and Control, 2014, HALT repqi32013
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Figure 16 Residents on antimicrobials (total and prophylactic) four HALT
surveys from 201@o 2016 in Ireland
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Generated fronHALT report 2010, 2011, 2013 and 2016 in Ire{@id 85, 89, 90)

The use of antimicimials is directly linked to AMR39, 140) The increased
use of antimicrobials is the result of inappropriate prescribigd
inappropriate AMU plays a keyole in the development of AMRL41)
Inappropriate  prescribing includes owvprescribing, misuse of
antimicrobials and nomdherence to guidelines. Prophylactic and breoad
spectrum AMU are the moginportant form of inappropriate pescribing for
common infectiong142) Inappropriate AMU is often associated with worse
clinical outcomes in terms @fcute and serious adverse drug events (ADES),
creating agreat threat to patient safety143) The OECD reported that of
the total AMU in any healthcare setting, 50% prescriptions are
inappropriate and more than 90% are in LTCF and gepeaatices(GPs)
(144) Studies have reportelévelsof inappropriate AMU in NHs aloé40-
75% but the criteria for judging appropriateness were differ¢h42)

In European LTCF, of all antimicrobials prescribed, 28% pvephylactic
and more than 80% of the prophylactic antimicrobials were for conditions
related to the urinary tract (47%) and respiratory tract (3(%) In Ireland,
more than ©% of the antimicrbials prescribedn LTCRvere prophylactic
(Hgure 1.6 (71, 85, 89, 90) The most common reasons for urinary
prophylaxis in elderly people were the presence of a urinatheter or

urinary incontinenceé145)

Amongthe mostfrequently prescribel antimicrobials in European CHare
broad-spectrum FQswith aprevalenceof 16%. Most of the broagpectrum
antimicrobials were prescribed for Rwith almost half for the common
cold), UTI, skin wound infectiof87, 71, 85, 89, 90, 146)n Ireland, ce
amoxiclav is the modrequently prescribed broaespectrum antimicrobial
in LTCF(>35%), despite it not ding recommended asa first-line

antimicrobial for the conditions treated in this setting&l).
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1.5 Patient Safety

Improving patieh safety has become a priority for the WHO and the
European Commission since the Luxembourg declaration acknowledged
access to higlguality healthcare as a basic human rigfit47) The critical
need for healthcare quality improvement was determined after two reports
published by the Institute of Medicine (IOM) in 1999 and 2001qoality
assurance for Medicargl48) In the reports, patient safety is defined as the
prevention of harm to patients. Themphasis is on a system of healthcare
delivery that i) prevents errors; ii) learns from the errors that occur; and iii)
is built on a culture of safety involving healthcare professionals, the

organisation, and patient&l49)

Prevention and control of HAI a&MR are integral parts of patient safety
and should be a core element of quglhealthcare services delive(§49)
Maintaining quality in healthcare has become more complex due to greater
use of complex technologies and treatment procedEs0) In the context

of increasedAMU for the treatment of HAI, unerstandingADEgelating to

antimicrobiakis central to ensung patient safety and quality of care.

1.5.1 Adverse drug events (ADES)

An adverse event (AE) is any unfavourable and unintended sign (including
laboratory findings), symptom or disease temporally associated with the use

of medcal treatment or procedures. The Harvard medical practice study and
the Institute for Healthcare Improvemerfl51)R S ¥ A y' S uringeddedr & &
injury resulting from medical care (including the absence of indicated
medical treatment) rather than the underlying disease that prolonged the
hospitalisation and requires additional monitoring, treatmenmntthat results

in deatH'.

ADEs, an important component of AEs, occur due to medication error.
According to the WHO, an ADE is any response to a drug which is noxious
andunintended caused as a result of drugs that are used for the diagnosis

and/ or for pophylactic or therapeutic purpos€l52) Most ADEs are
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preventable because they occur at any stage of the medication prpoess
prescribing, administeringagdherence, or monitoring a drug53, 154) AEs
are preventable if the harm ta patient is caused during medical care but
not due to underlying medical issuesuch as disease, illness and injury
(155) Breakdown of effective communicationabout medicine when
patients transfer between healthcare settings (e.g. from hospital to LTCF)
and between care providers within the same setting is an important
determinant of medication error(156) Residentfactors,such as multiple
morbidities and polypharmagyre causative factors for medication error in
LTCRnd they are mostly preventab(@57) It has been estimated that 51%
of ADEs are preventable in LT(B8)

HAI account for the most fregnt AEs reported in healthcaréd4).
Inappropriate use of antimicrobials can be harmielcause they distrupt
the indigenous intestinal microflorand thereby allowQostridium difficile
to grow and produce toxin leading t@lostridiumdifficile infections CDI3
(159) Therefore understandinghe potential for any antimicrobiakto give

rise to an ADES important from a patient safety point of view.

The best way to reducADEsand AMR is tl prudent use of antimicrobials
(160, 161) Ths can be achieved through the effective implementations of

best practices in relatimto antimicrobial prescribinl62)
1.6 Antimicrobial Stewardship (AMS)

Antimicrobial stewardship (AMS) is a systematic approach to optimising
antimicrobial therapy, through a variety of structures and interventions.
AMS means not only limiting inappropriate use, but also optimising
antimicrobial selection, dosing, route, and duration of therapy to maximise
clinical cure, while limiting the uninteled consequences, such as the
emergence of resistance, ADEs, and ¢4%t 163) The overarching goals of

AMS programmes aras follows(163)

I. Improve patientsrare through optimal therapy

il. Reduce collateral damagsuch as toxicityCD) lengthof stay
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iii. Impact costg less cost due to less collateral damage

Antimicrobial treatment choice shoulthcorporate an understanding of
both the clinical need of the patient as welk the link between AMU and
AMR (164, 165) Prudent selection of the appropriate antimicrobial when
prescribing is important for patient safety and redscke risk ofADEs and
HAI(165) Evidenceshows that AMS paired with infection control can limit
the emergence, transmission and further spread of antimicrot@aistar

microorganismg166)

Effective implementation of an AMS programme should consider an
individual as well as institutional arehvironmental level factorgFigure
1.7). Thefactorsincludel are inter-professional communication between
service provider and user, knowledge and attitude of provider towards the
prescribing decision and familgtructures which has an influence on

prescribing practice$75).

Patient and Family Factors
o
' Y
Patient Demographic
Characteristics and
Health Status

Knowledge, Attitudes,
and Beliefs

Prescribing

Clinical Situation s
Decision

Facility Structure Knowledge, — T -
& Care Aftitudes and Characteristics Familiarity with
Processes Beliefs and Beliefs the Patient
h A
'v' "‘v"
Facility and Staff Factors Health Care Provider Factors

Figure 1.7 Conceptual framework of the factors that influence the decision to
initiate antimicrobial therapy in LTCF

Note: The figure shows how family sttures, knowledgeattitude and beliefs of
patients andpatient parties as well as healthcare providers influence prescribing
decision.

Crrich J C et.al, Drugs aAdeing(75) Open Access/Creative commons
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Seveal national and international initiatives have been implemented to
achieve AMS. However, these initiatives are more often confined to
hospitals than to other healthcare settiggsuch as primary care and LTCF
(164,167) In the Unites States of America (USA), @eners for Disease
Control and PreventioCDQ has initiated AMS initives in NHs and in
hospitals (168) and has mandated all NHs to implement AMS since
November 2017(169) The CDC has a set summary of core elements
including leadership commitment, accountability towards AMS, gdru
expertise, taking action to changeviU-related policy and practice, tracking
and reporting AMU and resistance pattern, and AMS educdtiodlinicians,

nursing staff, residents and famili€$70)

In Europe, including Ireland, surveillance studies have identified both AMU
and AMR aproblemsin LTCK37, 71, 90) However, comprehensive AMS
programmesincluding core elementsre not available for LTCF. Apart from
national antimicrobial prescribing guidelines for UTls, RTIC&hd.34), no
specific documents or guidelinés AMSare available for Irish LTCF.

1.7 Methods

This thesis is the outcome of secamg data analysis of theélealthcare
associated Infections irohgterm Care Facilities (HALStudies conducted

in Ireland (chapter 2, 3, and 4), data from published randomised controlled
trials (chapter 5) andata fromthe Genomics to combat Resistanogaanst
Antibiotics in Communitacquired LRTI in Europe (GRASI&]y in Europe
(chapter 6) The methods usedh these studiesare described briefly in
specific chaptersSpecific tothe HALT study 201@lata, two different
methodological approaches were piged. They are(i) using exactly the
method used in original HALT study (desatlilvesection 1.7.1) and (ii) using
additionally collected information from all residents participating in HALT

2016 @escribel in section 1.7.2).
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1.7.1 HALT study

In December 208, the ECDC initiated surveillance on Health@ssociated

Infections in bngterm Care Facilities (HAL{)71) The HALT project is a

point prevdence survey (PPS) coordinated by the ECDC and the Scientific

Institute of Public Health (Wh&P), Brussels, Belgium. Before the start of the

HALT study, a feasibility study of surveillance of HAI in European NHs was

performed from 2005 H n ny dzy Rpnding tKeSPatient Safety in

9dzNR LIS O6Lt {90¢ LINRP2SOG AWHAK FAYlIYyOAlf &adz

The first PPS in European LTCF (HALT study) took place (a 2®abd was
followed by subsequent studies in 20{37)and 2016/2017(172) The PPS
were coordinated by Healthcar@ssociated Infections Surveillee Network

(HAINet) existing within ECOC71)

In Ireland, four HALT PPS have been completed: in(@%)®2011(89), 2013
(90)and 201671). With the exception of the second HALT (2011), the other
PPS were conducted in collaboration with the ECDC. The RALT was
performed independently building on the positive feedback obtained from
the first survey(85). EachPFS was completed under the leadershand
coordination of the Health Protection Surveillance Centre (HPSC), Ireland.
The number of participating LTCF increased from 69 in 2010 (4170
residents), to 190 in 2013 (9318 residents) and 224 LTCF with 10,044
residents in 2016 To enable internationaland local comparisgna

standardised ECDC protocol was used.

The primary aim of the HALT stuly72)is to estimate and monitor the
burden of HAI and the level of AMU in LTCF at national and European level.
The survey also aims to identify priorities for national and local intervention
measures and evaluate their implementation in LTCF in EA/Bember

states.

Method and data collection tools used in HALT
The HALT study is based on a repeaRfiSdesign, measured at one

particular point in time EachHALT stug wasconducted in the montk of
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April and May (except for the HALT 2010onducted May to September
(85). Each HALT study applies two sets of questionna@mesnstitutional
questionnaire and a residential questionnaire. Instibmi@l questionnaires
(AppendixX?) include information on staffing, bed capacity, infection control
practices, HAI, AMU, and M practices in the facis. Resident
questionnaires (Appendix3) are only completed for residents on
antimicrobials or with an @ive infection and include information on
antimicrobial therapy and/or signs and symptoms of infections. The
questionnaires used at the local level were adopted and revised in

accoraance with the ECDC guidelines.

The questionnaires were identical for HARO10 and 2011 and slight
Y2RATFTAOIGAZ2YaAa 6SNBE YIRS (2 GKS NBAARSyGQ
with a change in differentiating signs and symptoms of HAI and its

Of  aaAAFAOFGA2Y A SAGKSNI GFroaSyidé 2N dLINE
(Society forHealthcare Epidemiologyf @merica) definitions of HAIL74)

The previous surveys reported the presence or abs@fd¢eAl according to

the McGeer Cteria (175)

Requesto HPS(lrelandfor access to HALTath

As described above, Ireland halleadycompleted and published four HALT
studies In the publishedreports, only limited information was reported
based on the provided formaf hismeart a largeamount of data collected
as part ofthe HALT projectemained unexploredwithout further analysis
being donein the HPSAreland because of limited resources and time&.
protocol was developednd a requestvas made tdhe coordinator of HALT
at HPS(relandto carry outfurther analysis of thalready collectedlata.
After a series of meetings, discussspand revisios, HPSC appred the
protocol and grantedaccess toHALT data forsecondaryanalysis.The
objective ofthe request was to generatknowledgein the area of HAIs and
AMU that could be essential for the development ah antimicrobid

stewardship programme in LTCF
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1.7.2 Additional data collection of HALT 2016

Current and previous HALT reports published limited information on HAI and
AMU based o the format provided. A largguantity of data collected as a
part of a HALT project was not explored-diepth, such as the effects of

institutional factors on HAIrad AMU at an individual level.

The data collected at HALT PPS was in aggregate formforaation was
presented at institutional level and individual data was only available for
residents with HAI or AMU. As a result, a HALT data set would only provide
one data point for the 150 varidds collected for each LTChRat
participated. For insince, in 2016, inforaion was collected in 224 LTCF
with 10,044 residents. For the purpose of analysis, only the aggregated data
from the 224 LTCF was available, as the information of the individual
residents was only collected from the067 residents wth HAI/AMU. Data
from all 10,044esidentscan only be used if basic information (age, gender
etc.) is available. Including individual information would dramatically
increase the power of the analysis of associations. In January 2017, in close
collaboraton with the HSPC, additional information on age, sex, urinary
catheter, and disorientation was requested of all residents from the
participating LTCian May 2016

1.7.3 Multilevel analysis

Multilevel analysis is a data analysis technique for hierarchical dataro

the data that are ested within groups or clusterEl76, 177) Multilevel
modelling takes the dependency the observations into accourf178) This
means individuals within a cluster are correlated. For example, patients
registered to a GP are clustered and these patients from the particular GP
differ in characteristics from the patients belongirmanother GP for which
correction must be made. The data has two levéie individual patients
registeredand GPs. Multilevel analysis is not limited to a tlevel data

structure, and also can be applied to a thidesel data structurg for
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instance in this examplecounty would beathird-level variable where GPs

are nested within a county.

Multilevel analysis was initigl used in educational researdi78, 179)
However, it is now widely used in medical and public health rese§t80

183) Major advantages of multilevel analysis are: i) it increases the power
of the study, ii) it allows simultaneowxamination of effects at group level
and individual level predictorsand iii) it examines both betweenand
within-group variation and the contribution of individual group level
variables onthe variation as a wholg181) Multilevel analysis is the
SEGSyarzy 2F aaidlyRINRE adlaGAadAolrt NBIN
principles of linear regressiofi78) The dichotomous outcome variable
with non-normal distrbution uses logistic regressigh84) An extension of
logistic regression, multinomial regression, is agphehen the outome
category is more than tw@l78) The interpretation for odds ratio (OR) with
95% confidence interval (95%CI) in the multildegistic regression analysis

is different for numeric and categorical predictor variables. For a continuous
predictor, if the OR = 1.5, tr@ne-unit increase in blood pressure increases
the odds of getting stroke by 1.5 tem For a categorical predictoone
category is compared with the reference categorfyor examplethe

probability of strokan femaless 1. 5 timeshe probability inmales.

The applicability of a multilevel analysis is assessed by checking the
significance of group effects througjha likelihood ratio testby comparing

the variance component model with a corresponding single level model (also
without explanatory variables), and ii) plotting a caterpillar plot for group
level residualg185) The likelihood ratio test statistic is calculated as the
difference in the-2log-likelihood values for the models argelmeasured with

the correspondingp-value for the chisquare test(186) If the pvalue is
significant, it showshere is a difference between the groups. A caterpillar
plot shows the average outcome in rank order of the higher level variable
andincludestheir 95% C(186) If the average outcome with 95% CI for any

aggregated level variable does not overlap with the line at zero (horizontal
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line in the plot), there is a significant difference between the aggregated
levels. Tl zero value is the residual difference between the observed and

predided value ofthe dependent variablg¢186)

A multilevel model is normally estimated using maximum likelihood
estimation (MLE) methods. MLE methods estimate the probability of the
model parametersi.e. variance and covariance amathg variables used in

the model(184) The individual variance in multilevel logistic regression is
estimated on the probability scale and group level variance on the logistic
scale. As these sles are not directly comparablg 87, 188) Larsen and
colleagues proposed a Median OR (mOR) for multilevel logistic regression to

ease the interpetation of arealevel variancé€187)

adY A@bc@, @8 T

wheref (-) is the cumulative distribution function of the normal distribution
with mean 0 and variance &, (0.75) is the 75th percentile, and exp(-) is

the exponential functior{189)

By definition, the mOR188)is the median value of the OR between the
clusters €.9.GPs in the previous example) at highest risk of the outcome
(e.g. stroke) and the cluster at lower risktbé outcome. The value of the
MOR is always greater than equal to 1. A mOR of 1 implies no significant
difference, close to 1 indicates little difference and a large value indicates a
significant difference between the groups in the occurrence of the outcome.
For the mOR, a Bayesian credible interval (Crlalisutated based on the

distribution of MOR to distinguish it from a fixed effect ORL8B)

1.7.4 Systematic review

A systematic review is a formal, systematic, and structured approach applied
to review all the relevant published and unpublished literature on a specific
topic of interest(190) Systematic reviews are different to narrative reviews

in which informal, subjective strategies to gather data and interpret results

are used190) A systematic review instead includes a precise, reproducible,
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systematic strategy that minimises bias and supplies reliable findings so that
conclusions can be drawn and decisions canntede to improve the

outcome of an intervention.

Within the medical profession, the concept of producing critical summaries
of research trials was proposed by Professor Archie Cochrane in 1979, who
is referred to as associated signer of the systematiceview (191) Since
0KS MpTnQaszs ae2adSYlrdAo NB@inSfed ofKI @S
health (192) The Cochrane Collaboration, sgt in 1993, has been a long
standing, rigorous and innovative leader in developing methods in the field
of healthcare and medice to provide reliable evidencél93) Ther main
contribution includes the development of a protocol to provide a structure
for the literature search strategy and a new and extendethlytic and
diagnostic strategy to evaluate the output of the review. The systematic
reviews are mostly guided by a statement called the PRIGRiéferred
Reporting Items for SystematiReviews and MetaAnalyses)which is a
useful tool in selecting thepgropriate studies to be included for qualitative

review and quantitative analys{294)

1.7.5 Meta-analysis

Meta-analysis is the quantitative analysis in the systematic review. It is a
statistical approach used to combine and summarise the numenésailts
of independent studie$¢190) It isgenerally used to estimate the effects of

particular interventions or treatment§l95)

The model in the metanalysis is either based on an assumption of a
common effect (fixed effeg} or random effect§196) The fixed effects
model estimates the variation in effect sizes caused due to sampling issues
within the study while the randomeffects model estimates the effect size
caused as a result of hetegeneity between and among the studies. Metrics
used are odds and risk ratios, standardised mean different@ngformed
correlation coefficients and logarithmic (log) response depending upon the

outcome variableg197) For triak with binary outcomes, OR and relative
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risk are the possible metricsA Petoodds ratio (POR) is used as an
appropriate measure if the outcome is raf€98, 199)and it also does not
encounter computational problems due to zero counts in one or more cells

(200)

Statistical heterogeneity isssessed by employing a ©guare test for
heterogeneity and measuringstatistics for consistency. A larger value?of |
indicates an increase in heterogene({®01) Bias, notably publication bias,
is an inherent issue with metanalysis and can be visualisby producing a
funnel plot (202) which can help to identify the studiesith highest and

lowest levels of bias

1.7.6 GRACE study

Genomics to combat Resistance against Antibiotics in Contyaaoguired

LRTI in Europe (GRAGQENw.gracelrti.org) is a network of excellence set

up in 2006 and focusing on the management of commuadguired lower
RTIs (CARTIs) and antimicrobial prescribing. There hbgen 12 work
packages within the GRACE stualigh topics such as microbial genomics for
diagnosis of communitgcquired LRTI and economics of resistance. The
study design includes both observational armthidomised control trials. In
work package 10,reRCT on CARTI was rolled out in 12 European countries
covering 16 primary care networK203) The RCT started in October 2007
and was completed in April 201The analysis from the study (GRARXET)
identified significantly more ADEs (diarrhoea or nausea or rash) in the
amoxicillin group compared to the placebo group (ADEs in week one and
week two after antimicrobial administratiorf)14) A subgroup analysis was
done to icentify if the specific or any ADEs were differéor subgroups of

patients.

Request toGRACE teaffor access to datéor analysis
A request for the GRACE data was made along with a miofoc the
subgroup analysis of ADE of amoxicillin for lower Riiéptsin June 2018

The protool was reviewed and approved by work package leaders of the
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GRACE study. An initial analysis was done at the Department of Primary Care
and Interdisciplinary Care of the University of Antwerp under the supervision
of Professr Samuel Coenen. The rest of the analysis and manuscript
(Chapter 6) was completed at the Discipline of General Practice, Nbiks.
project (subgroupanalysis)was an internship programmeonducted as a

part of my PhD training. Thasit to the Universif of Antwerp was financially
supported bythe TRACE (Translational Research on Antimicrobial resistance

and Communityacquired infections in Europgjww.esf.org/tracg project.
1.7.7 Subgroup analysis

A subgroup analysigivolves categorising participants into subgroups and
comparing these subgroups. Participants can be categorised on the basis of
demographic characteristics (e.g., age, sex, race, ethnicity etc.) or using
other alternative variablessuch as treatment effgs, antimicrobials,
catherisation status, or other health conditions (e.g. UTI or RTI). The main
objective of subgroup analysis RCT$s to assess the risk and benefit of

particular treatment in different subgroupg204, 205)

Statistical power due to small sample size and/or the inclusion of multiple
comparisons an jeopardise subgroup analyg06) Because subgroups
always included fewer patients than the main treatment groups in the trials,
a predefined subgroup analysis and stratification of randomisation by
important subgroup variable is desiral{l207) The stratified randomisain

can provide a greater similarity in all aspects except the treatment between
groups hence valid inferences can be drawn. However, most of the
subgroup analyses from the RCTs posthoc subgroup analysis without
stratified randomisationwhich leadso the problem ofType | and Type I
error (i.e. false positive and false negatj(@08) If the treatment €.g. co
amoxiclay efficacy differs between the subgroups.d. male and female),

an interaction test can be applied to see if the male patients are significantly
different from the female in the trial(206, 207) The former analysis
(subgroup analysis) is investigated usigimple test A ® S destland .the

later interactionistested by using regression motieorthe Mantel-Haenszel
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technique(207) If a statistical interaction test provides significant results of
subgroup effectsthen the conclusion may be drawn favour of particular
subgroupq209) but the emphasis should depend on biological plausibility,
the number of subgroups and their statistical streng®#10) The standard
significant level of p<0.05 is no longer dda the subgroup analysis with

multiple testing and should be kept at <0.0&®5, 211)

1.8 Research Aims and Objectives

The purpose of this thesis is to add to the evidence on the role of LTCF level
and resident level factors on HAI and AMU in Irish LTCF. Additionally, the
thesis provides knowledge on the tradéf between harmsand benefits of
AMU. The ultimate go#to improve AMU, reduce AMR and ensure patient

safety.

1.8.1 Aim

The primary aim of the thesis is to analyaetimicrobial prescribingo

improve AMU angbromote AMS in Irish LTCF.

This thesisbased around five ariies, addresses the aim of the study by
achievingspecific objectives. The first three objectives dwh the HALT
data 2013 and 2016, the fourth and fifth objective address harms and
benefits of AMU though a systematic review and secondary analysis of
GRACE data.

1.8.2 Specific objectives

Objective 1:Evaluate the association between institutional and resident
factors on HAI and AMU in Ireland, using a combination of HALT 2016 data
and additional resident data collectes a part of this thesi&hapter 2).

Objective 2:Compare prophylactic AMU between HALT PPS 2013 and 2016
in Ireland and identify causes ahtimicrobialprophylaxisin LTCF (@pter
3).
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Objective 3:Assess whetheantimicrobial prescribing adheres to prescribing
guidelines for specific inféions and identify if there is a variation in first

line and secondine antimicrobal prescribing in Irish LTCHhépter 4).

Objective 4:Assess and compare the risk of ADEs fromus&®with other
antimicrobial agents through systematic review and mamalysis Chapter
5).

Objective 5:Assess the risk of ADEs (diarrhoea, nausea, and rash) for specific
subgroupsrelated to amoxicillin use from data collected as part of a large
Eulopean RCT (@apter 6).

1.9 Outline of the Thesis

This thesis includes seven cheqs. The first introductory chapter covers the
background information, context, and problem statements necessary to link
different chapters. The topics described in this chapter luide
antimicrobials, AMR, HAMU, and patient safety with special empissn
ADEs and AMS. A brief introduction of the methods used is also included.
The last part of the introductory chapter providdbke aim, specific

objectives, and process and output from the thesis.

SuccessivelyChapters 2, 3 and 4 focus on improving rmimicrobial
prescribing and analyse the data available from the HALT studies, while
Chapters 5 and 6 focus on patient safetyparticulaly ADEs. Chapter

discussgs the main findingandconcludesthe thesis with recommendations.

Chapter2 is a multilevéstudy of HAI and AMU in LTCF using matched HALT
2016 data The resultant database obtained after matchithg varables

age, sex, urinary catheter and disorientatibom the original HALT 2016
database andhe additionally collected database is calleanatched HALT
database (see Figure 2.1@hapter 2) Chapter3is a comparative study on
prophylactic AMU between HALT 2013 and 2016. Chapiera multilevel
multinomial study ugg matched HALT 2016 datahich discuspossible
predictors of increasedsecondline antimicrobial prescribing in LTCF.
Chapter5is a systematic review and meganalysis of ADEs of FQs and their
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risk compared to other antimicrobials. This chapter compdgérelated,
CN&related, skinrelated ADEs of FQs with other antimicralsi in the
included studis. Chapter6 is a subgroup analysis of the common ADEs of
amoxicillin prescribed for CBRTIs using data from 16 primary care
networks in Europe. The final chaptéhapter 7, identifies the key points,
discusses how the papeiish together, and provides conclusimas well as
the implications forprogramme interventions and future directions for
research Data collection tools and published papers aregentedat the

end of the thesis ithe Appendces
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Chapter 2: Antimicrobial prescribing and infections in LTCF: a multilevel analysis of
the HALT 2016 study, Ireland, 2017

CHAPTER ANTIMICROBIAL PRESCRIBING AND INFECTIONS IN
LONGTERM CARE FACILITIES (LTCF): A MULTANAYKISIS
OF THE HALT 2016 STUDY, IRELAND, 2017
Published in Eurosurveillance, November 2018 (Appebjlix
A*r qggm [ gj ! mj] | -RénallCoaseYlogPf g m_

Authors: Meera Tandan, Karen Burns, Helen Murphy, Sarah HennessytirM
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2.1 Highlights

1 Inlongterm care facilities (LTCF), 4.786idents had dealthcare
associated infection (HAI) and 10.@%re onantimicrobiak.

1 The aggregated form of data collected in HALT 2016 identified
urinary catheter use asrisk factorfor antimicrobial useAMU).

1 Multilevel analysisvasconducted following additional datzollection
from all residents and identified LTCF level risk factors associa
with HAl and AMUas well awariation in HAl and AMU between LTC

i The presence ofa coordinating physician,an antimicrobial
stewardship (AMS) committee,more healthcare assistast
antimicrobial consumption feedback, and medical care provided
0 KS NBSpgesdRd GRir€daceAMU.

1 Feedback on surveillance of infection prevention and control (I
practices reduce HAI.

9 Collection of informatiorfrom all residentsof participating LTCF ir
the future HALT PPS and integration of identified risk factors in

intervention is recommended to improve prescribing in LTCF.

Key Words: Antimicrobial, Resistance,healthcareassociated infectionsHALT,

surveillance multilevelmodelling LTCF, elderly.
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2.2 Abstract

Background:The 2016 point prevalence survey (PPS) of theate
associated infections (HAI) and antimicrobial use (AMU) in Irishtéyng
care facilities (LTCF) (HALT) showed a 9.8% AMU and 4.4% HAI prevalence,

based on aggregated data analysis.

Aim: Theaim was to identify institutional and resident risk facgaf AMU

and HAI.

Methods:HALT 2016 gathered information using institutional and resident
guestionnaires, for residents who met the surveillance definition of active
HAI and/or AMU, limiting analysis to the aggregated institutional level. In
January 201,Ave requested additional data on age, sex, urinary catheter use
and disorientation of current residents from HALT 2016 LTCF and matched

to 2016 HALT data.

Results:Of 224 HALT 2016 LTCF, 80 provided additional information on
3,816 residents; prevalence AMU was 10.6% and HAI was 4.7%. Presence
of a coordinating physician (Odds ratio (OR): 0.3; 95% confidence interval
(C): 0.20.6), antimicrobial stewardship committee (OR: 0.2; 95%; C¢: 0.1
0.6), healthcare assistants (OR: 0.9; 95% Clg¢l®® antimicobial
consumption feedback (OR: 0.3; 95% Clc®4d) and medical care by
personal general practitioner (OR: 0.6; 95% CE100) were associated with
less AMU and feedback on surveillance of infection prevention and control
(IPC) practices (OR: 0.6; 968960.81.0) with less HAl. AMU and HAI varied
significantly between LTCF.

Conclusions Multilevel modelling identified significant intdacility
variation, as well as institutional factors associated with AMU and HAI. An
antimicrobial stewardship commé#e linked with feedback on IPC and

prescribing was associated with reduced AMU and HAL.
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2.3 Introduction

Residents in longerm care facilities (LTCF) are prone to healtheare
associated infections (HAI) due to-cwrbidities with invasive procedures

and exmpsure to indwelling device@12) The term LTCF may encompass a
diverse range of resident care types, such as general nursing homes,
intellectual disability care, psychiatric care, care for physical disability
rehabilitation and mixeetare typeq213Yp 5dzS G2 NBaARSy(iaQ OKI |
such as canorbid conditions, physical aridnctional weaknesses, and living
environment, LTCF are a common setting for infections. Infection prevention
and control (IPC) is challenging in LTCF because of high antimicrobial use
(AMU) (142, 214), with urinay tract infection (UTI), respiratory tract
infection (RTI) and skin and soft tissue infection (SSTI) being the most
common infections for which antimicrobials are prescrié8d, 71) Pria
studies have reported that nearly half of the AMU in LTCF is unnecégSary
215) Inappropriate prescribing can be due to the wrong antimicrobial,
indication, treatment duration or dosage. Antimicrobials acadion 20% of
adverse drug event§ADES)in nursing homes(75). Longterm AMU,
particularly in LTCF, has been linkedCtostridium difficilenfection (CDI),
mucosal candidiasis, pulmonary and liver damage, anceased risk of

colorectal adenom#216, 217)

There is substantial variation in AMU and healtheassociated infections
(HAI) between LTCF and between countfietl, 218)In the HALT 2013, the
crude AMU prevalence was 4.4% (range: 1% in Hungary to 12.1% in Greece),
with a HAI prevalence of 3.4% (range: 0.4% in Croatia to 7.1% in Portugal)
(37). Compared with the @EEA overall, the AMU prevalence in Ireland was
double (9.8% in 2013 and 2016), even though the HAI prevalence was similar
(5.3% in 2013 and 4.4% in 201{B}.,, 90)

Judicious AMU through active antimicrobial stewardship programmes is
essential to slow the emergence of mdltigresistant organisms (MDRO)

(219) While hospial antimicrobial stewardship programmes reduce the
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incidence of HAI, MDRO colonisation and CDI, their implementat LTCF

is more challenging75, 220) The United States (US) Centers for Disease
Control and Preention (CDC) published an antimicrobial stewardship
guideline specific to LTCE70) but no such guidelines exist at the EU level,
even though some European countries have specific guidelines for
antimicrobial prescribing in LTC21) The decision to prescribe an
antimicrobial depends on a number of factors, including clinical situation,
advance care plans, utilisation of diagnostic resources, perceived risk by
treating physicians, resident demand, tivdluence of family and nursing

staff, and the availability of guidelin¢222)

HAI risk factors in LTCF can be related to the individual resident, the
environment/insitution or the treatments given223, 224) Resident risk
factors include age; length of stay; disability, such as impaired mobility or
disorientation; the presence of indwelling devices; multiple comorbidities or

chronic sk breaks such as pressure so(&20, 225)

The healthcareassociated infections in loAgrm care facilities (HALT) PPS
have been conducted in the EU/EEA on three occasions since 2010, most
recently in 201617 (71, 85, 90) We evalated the association between
institutional and resident factors and AMU and HAI in Ireland, using a
combination of HALT 2016 data and additional resident-faskor data

sought retrospectively.

2.4 Methods

2.4.1 Study design and settings

HALT is coordinated by tHeuropean Centre for Disease Prevention and
Control (ECDC), according to a standardised protocol, with the aim of
evaluating AMU and HAI in LT2E3) In Ireland, HALT is a voluntary project
coordinated by the Health Protection Surveillance Centre (HPSC), with four
national PPS performed to date and increased numbers of participating LTCF
each survey (2010:#69; 2011: =108; 2013: n=190; 2016: n=224)(71,

85, 89, 90) The presented analysis is based on data from the most recent
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HALT survey conducted in Ireland in May 2016, the full report of which was
published in March 201{71).

2.4.2 Study participants

Eligible residents from participating LTCF were included in the study, with
demographic information, ristactors, AMU and the presence of active HAI
recorded. Residents were considered eligible if they met the surveillance
case definition of active HAIl and/or were prescribed systemic antimicrobials
on the PPS date. HAI was defined using the updated standdrdéefinitions
(McGeer criterig175)) of infection for surveillance in LTCF, published by the
Society for Healthcare Epidemiology of America (SHEA) and the US CDC
(174)

2.4.3 Data collection and management

Two paper questionnaires (institutional and resident) were used to collect

information (71). Institutional questionnaires recorded aggregated resident
denominatorandNA &1 FF OG2NJ RIFdF X adzOK & |38 p vy
use, etc., along with LTCF bed occupancy, medical care coordination, and IPC

and antimicrobial stewardship activities and resources. Resident

questionnaires recorded demographic and risk factorfoimation

(hospitalisation in the past 3 months, surgery in the past 30 days or the

presence of vascular/urethral catheters, incontinence, disorientation or

impaired mobility) for residents with active HAI and/or systemic AMU on the

PPS date. Completed gstionnaires were entered into the HALT software.

¢KS FANRG Fylrfeara osla oFlaSR 2y LNBflyR
aggregated data and the variation between 224 participating LTCF.

However, to explore the effects of LTCF characteristics on indigidnd to

analyse the variation within LTCF or between individuals, more detailed

information on all residents is required. Each HALT 2016 participating LTCF

was subsequently contacted by the HPSC in January 2017, requesting

additional anonymised data orl@urrent residents (age, sex, presence of a

urinary catheter and disorientation), with the rationale of limiting the
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workload associated with additional data collection. The assumption was
GKFG SFEOK [¢/CQa 2@SNIftf NBahaweSy
changed significantly between May 2016 and January 2017. The additional
information from each LTCF was matched to the original database, retaining
the information of the eligible residents with AMU and/or with HAI to form
0KS WI RRA G A AyTI2016 riedidénts avéreinga@hed with those on
the additional database by sex and age (closest in age, in some instances),
as well as urinary catheter use and disorientation; the case in the additional
database was then replaced with the matched case fromdriginal HALT
2016 databaseHigure 2.1

HALT study Additional Information
May 2016 Requested - January 2017
A4
LTCFs LTCFs send back
Participated »| information
224 93

v

All residents Total
10, 044 ota
residents
| 3950
Without AMU/HAI
AMU/HAI 1067
8977
l Matching Y Y
Age Age Age r
Ur'narjec);(heler Sex 3472
b i ——p | Uri cathgter 3
Disorientation [ Urirary catheter B Residents
478 Residents 478 Resid:
AMU
HAl information
93 LTCFs 13 LTCFs with 134 residents
3950 Residents Excluded:
| 3 2 LTCFs - Only reported 2 current
residents
11 LTCFs - Large difference reported
80 LTCFs in current residents compared to
3816 Residents reported in HALT (> 35)

Figure 2.1 Flow diagram matching HALT 2016 data with additional database,
Ireland, 2017

lal!Y | yiAYAONROG A l-dssodateSiifection; HALT: KedlthéatisticlitedNiBections
inlongd SN O N’ Tl Qemicaéfdity.T [ ¢/ CY 2y 3

2.4.4 Outcome variables

The outcome variable for the HALT 2016 LTCF was the prevalence of AMU

and HA calculated per 1,000 residents. Mathematically expressed as:
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00AOAT I BA
41 /A1 AIABA OF A MITCHE | E A 00 BHARIES O QAU
47 GAO1 ATABA OE KA T4GIGIO EARAIUEO O OA J°PT T

00AOAT £ RA
41 GAAT AABA GEGGE G & OE OO EMAIUED O QAL
47 GAT AABR OE KA 14GIGI0 ERATUEO OO A YPT T

¢CKS 2dzi02YS G NAIF6fSa F2NJ GKS FTRRAGAZ2Y I f
lal! 08Saky20Q |yR WN ARSY(d @gAGK 11 L o6@&8S.
2.4.5 Predictor variables

In the additional database, age, sex and the presence of a urinary catheter

(yes/no) or disorientation (yes/no) were available for each resident.

Institutional variables in the multilevel analysis for AMU include those

collected as part of antimicrobial stewardphactivities; for HAI, these
include IPC activities in the LTTRble 2.).
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Table 2.1 Variables available for antimicrobial use and H#sare-associated
infection at longterm care facilities, HALT 2016 (n = 224) and additional database

(n = 80), Ireland, 2017

Outcome Variable

Antimicrobial use (AMU)  wt SNOSy (I 3S 8®2ygarsNEaARSY (i a
wt SNOSyGF3asS 2F YIS NXaa
wt SND Sy ( led@Switt? FinatyBathdteR
w [¢/ C GeLs
w [¢/C aAl s
w b dzY 6 S Nitirgefequivdledtthelthcare
assistants
w tNBaSyO0S 2F AyiaSNyrt O
care
w t KeaarlOAly Ay OKIFINBS 27
consult medical recordsf residents
w tNBaSyO0S 2F | yiAYAONR
w {@dadtSy G2 LINROARS FSSR
antimicrobial consumption
w aAONROA2f23A0Ft &k YLX S
started
w t SN¥AaaAzy NBIljdzANBR F2
antimicrobials
w t NBaSyO0S 27 | i pfeibiagi 2
guideline (UTI oRTI or SSTI)

(@]]

w aSRAOFEt OF NS LINEBOARSR
w 'asS 2F I NBaAaGNROGABS f

Healthcare associated w t SNID Srgsiten3 B5 yedrs

infections w t SNOSyidl3sS 2F YIS NBa

(HAI) w t SNOSydGlFr3IS 2F NBAARSy
w t SNOSyidl3S 2F NBaAARSy
w t SNOSydGlr3asS 2F aiay3atsS N
w 58S@St2LIYSyidG 2F | O NB
w CSSRoI O] 2F adz2NB3pctt Iy
practices

w 5S0AaA2y 2y Aaz2tliAazy
colonised withresistantmicroorganisms
w tNBaSyosS 2F Fy Lt/ 02Y

HALT: healthcarassociated infections in lofgrm care facilities; IPC: infection prevention and
control;LTCF: lonterm care facility; RTI: respiratory tract infection; SSTI: skin and soft tissue infection;
UTI: urinary tract infection.

Two databases were prepared for analysis: (i) the original HALT 2016
database with institutional data and aggregated residaformation and (i)
the additional database with institutional data and individual resident

information.
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2.4.6 Statistical analysis

The aggregated analysis of the original HALT 2016 database used a negative
binomial regression analysis (a conventional apphydo compare the AMU

and HAI prevalence in LTCF. A negative binomial regression was used to
model count data when the outcome was overdisper§226) This analysis
reflects the skewed shape of the outcome variables, such as a high number
of zeros or close to zero prevalence. The coefficients were presented as

prevdence rate ratios (PRR).

The multilevel logistic regression analysis used the hierarchical structure of
the data (residents nested within LTCF) and estimated the chance of a
resident having AMU or HAI. The suitability of a relel model was
checked byintroducing LTCGlevel variables (random parameters) to the
empty model. The empty model (without explaining variables) was
compared with models with explaining variables and was considered an
improvement if the increase in explained variance is statifiticsignificant
(log-likelihood ratio test statistic with p vatS 0.65)(227) Caterpilla plots

were generated to compare the variance within and between LTCF. The
modelbuilding process used a forward stepwise selection process and
individual (resident)evel variables were first introduced followed by group
(LTCFlevel variables. Due todn collinearity between explaining variables,
SIOK @FNAIFIo6fS ¢6la AYGNRBRRdAzOSR @BLI NF GSt @&

were retained in the modg[228)

An adjusted odds ratio (aOR) with 95% confidence interval (Cl) for AMU and

HAI was calculated for the fixed effects. The LAre&ed Y SRA LY hw O0Yhwo
calculated for each model to compare the differences in the outcome

between LTCE87, 188) The mOR for each LTCF is the median value of the

distribution of the OR when randomly picking twesidents from different

LTCF, one from a higher risk LTCF and the other from a lower risk one. It

confers the theoretical situation of the difference in OR if an identical

individual moved from an LTCF with high prevalence of AMU or HAI to one
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with low prevalence(189, 229) A mOR of 1 signifies no difference between
the LTCF in the probability of AMU or the occurrence of (H&4-189) For
each mOR, a Bayesian credibleemmal (Crl) was calculated based on the
distribution of mOR, comparable to the CI of a feedtect OR. The empty
model and final model were compared using the Bayesian deviance
information criteria (DIC), and a lower DIC value suggests a better model fit
(182, 230)

Both binomial and mukievel regression analysis was performed in STATA
(version 13.0). The Crl for the mOR was calculated in MLwiN (version2.35).
I L) @FftdzS 2F f ndnp 6 ksduarddegtivaskRedS R
to test the difference between ALT 2016 and additional database

information for categorical variables andest for numeric variables.
2.5 Results
2.5.1 Longterm care facilities and residents

In the HALT 2016, 224 LTCF participated. Of those, there were 102 (45.5%)
nursing homes (NH), 46 (20.p%nixedcare facilities and 31 (13.8%)
intellectual disability facilities (not shown irable 2.2. Of 10,044 residents,

AATYA

oy dw: 6SNB YIfSY oyody:> gSNBE B yp &SIHNARZ

and 3.2% had a pressure sofi@ble 22).
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Table 2.2 Univariate comparison of general characteristics between the HALT 2016 and additional database, Ireland, 2017

HALT 2016 Additional database
Resident characteristics 6y I mnzZnnn NE 6y ' oZymc p value
N % n %
Resients with AMU 1,029 10.3 404 10.6 Ns
Residents with HAI 638 6.4 179 4.7 0.002
wSaARSyda | 3SR 3,895 38.8 1,457 38.2 Ns
Male residents 3,836 38.2 1,500 39.3 Ns
Residents with a urinary
661 6.6 287 7.5 Ns

catheter
Residents with pressure s@e 324 3.2 146 3.8 Ns
LTCF characteristics n % n % p value
Single roorf 5,634 73.6 1,514 75.8 0.042

Median (SD) Range Median (SD) Range p value
LTCF size 41.5 (34.3) 5¢176 72.0 (45.5) 10c176 Ns
WTE HCA 20.0 (23.5) 0g198 31.1 (43.5) 0g198 Ns

! a! Ytimicrgbial use; HAI: healthca@ssociated infection; HALT: healthcaissociated infections in loAgg S Nl  OF NB Tl OAt AGASAT
GSNY OFNBE FLOAtAGET

bay yz2i

AAIAYATFAOILYOGT

apercentage of single rooms calculated from the total rooms in the LTCF.

bSignificant at p value <0.05.
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Subsequently, in January 2017, 93 LTCF provided additional information.
After matching for age, sex, urinary catheter use and disorientation, 13 were
excluded from the analysis; two LTCF reported only two current residents
each and 11 LTCF reported a large discrepancy in the number of current
NEaARSyda O2YLINBR ¢A0GK GKS ydzvyo SNJ
Therefore, for 80 LTCF, additional informationsweaeported on 3,816

current residents Figure 2.). Of the 80 LTCF, 404 residents had AMU
(10.6%) and 179 had HAI (4.7%glfle 22). The median age of the residents

was 82 and 60.7% were female. Of residents with a urinary catheter, 14.1%

had AMU and 17.3% had HAI (not showiiable 22).

Five of the 224 HALT 2016 LTCF and three of the 80 LTCF reporting additional
information had an antimicrobial stewardship committee; 137 and 45 LTCF,

respectively, had an IPC committéleable 2.3.
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Table 2.3 Overview of longterm care facilitylevel variables, HALT 2016 (n = 224) and additional database (n = 80), Ireland, 2017

l RRAGAZ2YLFE RFEGlIOFAS o
I''[ ¢ HAwmcC

LTCEharaceristics AMU HAI

n % n % p valuet n % p valueét
Internal coordinating physician for medical care 60 26.8 23 28.7 Ns NA NA NA
Physician in charge of medical coordination may 168 75.0 57 71.3 Ns NA NA NA
consult medical records @ésidents
Antimicrobial stewardship committee 5 2.2 3 3.7 Ns NA NA NA
Feedback to prescriber on antimicrobial consumpti 32 14.3 9 11.3 Ns NA NA NA
Microbiological sample taken before antimicrobials 43 19.2 16 20.0 Ns NA NA NA
started
Permission required for prescribing restricted 22 9.8 8 10.0 Ns NA NA NA
antimicrobials
Antimicrobial treatment guidelines (at least one: U7 116 51.8 36 45.0 Ns NA NA NA
RTI, SSTI)
Medical care provided by personal GP only 111 495 40 50.0 Ns NA NA NA
Use of a restrictive list of antimicrobial in LTCF 31 13.8 13 16.3 Ns NA NA NA
Development of IPC care protocol 163 72.8 NA NA NA 56 70.0 Ns
Feedback of surveillance results to staff on IPC 146 65.8 NA NA NA 49 61.3 Ns
practices
Decision o isolation and precautions of residents 189 84.4 NA NA NA 67 83.7 Ns
colonised with resistant microorganisms
IPC committee 137 61.2 NA NA NA 45 56.3 Ns

AMU:I YGAYAONRBOALIE dzaST Dt Y 3 SysbeMied infecind: AL’ Bekltho@$:osThted infektivhs &8 anfintickoidl S in kbexgn care
FIOAEAGASAT Lt/ Y AYTSOilsanf caleddliges, WA ha2aff A JIROOEGT INRBY Ty 2@/ ENIYRFHOI Y I T we¢LY NBALANI (2|
infection; UTI: urinary tract infection® values calculated for HALT 2016 vs additional database.
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Of the 80 LTCF that provided additional information, 46 (57.58&@) h
participated in both HALT 2013 and 2016 (not showiiahle 22). The
characteristics of the 80 LTCF that provided additional information did not
differ significatly from the 224 LTCF participating in HALT 2016, apart from
the occurrence of HAI, which was lower in the additional database, while the
percentage of single rooms was slightly higher in the additional database
(Tables 2 and2.3).

2.5.2 Negative binomial regression analysis

The result of the negative binomial regression analysisvsidothat LTCF
with more catheterised (urinary) residents had higher AMU (by 4%) and HAI
(by 10%). None of the other LTfated risk factors were found to be
associated with AMU or HAT#ble 2.3.
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Table 2.4 Comparison of negative binomial regression and muéivel logistic regression analysis for antimicrobial use and healtheare

associated infections, HALT 2016 and additional databassahd, 2017

Negative binomial regression analy8is Multi-level logistic regression analysis
AMU HAI AMU HAI
IRR 95% ClI IRR 95% ClI OR 95% Cl OR 95% Cl
Residentlevel variables
Age NA NA NA NA 1.01 1.0¢1.02 1.0 1.0¢1.01
Sex (reference male) NA NA NA NA 1.1 0.9¢1.4 1.0 0.7¢1.4
Presence of a urinary catheter NA NA NA NA 2.2 1.5¢3.12 2.6 1.7¢4.12
LTCHevel variables
2 NBaARSYydG B yp 10 1.0¢1.01 1.0 1.0¢1.02 NA NA NA NA
% male residents 1.0 1.0¢1.02 1.0 1.0¢1.01 NA NA NA NA
% resident with a urinary
1.04 1.0¢1.0%2 1.1 1.0cl.22 NA NA NA NA
catheter
Internal coordinating physician
0.9 0.6¢1.5 NA NA 0.3 0.2¢0.62 NA NA

for medical care

Physician in charge of medical

coordination may consult medice 14 0.8¢2.6 NA NA 1.8 1.0¢3.5 NA NA
records of residents

Antimicrobial stewardship

. 0.7 0.2¢1.8 NA NA 0.2 0.1c0.62 NA NA
committee
Feedback to prescriber on
L . . 1.4 0.9%¢2.2 NA NA 0.3 0.1c0.62 NA NA
antimicrokial consumption
Microbiological sample taken
o . 0.7 0.4c1.0 NA NA 2.5 1.3c4.62 NA NA
before antimicrobials started
Permission required for
prescribing restricted 11 0.6¢1.9 NA NA 1.4 0.7¢3.1 NA NA
antimicrobials
Antimicrobial treatment guideline 0.9 0.7¢1.3 NA NA 0.8 0.5¢1.2 NA NA
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Negative binomial regression analy8is Multi-level logistic regression analysis
AMU HAI AMU HAI
IRR 95% ClI IRR 95% ClI OR 95% ClI OR 95% Cl
(at least one: UTI, RTI, SSTI)
Medical care provided by
1.3 0.%¢1.9 NA NA 0.6 0.7¢1.» NA NA
personal GP only
Use of a restrictive list of
. . . 1.2 0.%¢1.9 NA NA 1.7 1.0¢3.1 NA NA
antimicrobials in LTCF
LTCF size 1.0 0.%1.0 NA NA 1.0 1.0¢1.01 NA NA
WTE HCA 1.0 1.0¢1.01 NA NA 0.9 0.9&1.(» NA NA
% single room in LTCF NA NA 1.0 0.9%1.0 NA NA NA NA
% residents with pressure sores NA NA 1.0 1.0¢1.05 NA NA NA NA
Number of single rooms NA NA NA NA NA A 0.9 0.9¢1.0
Number of residents with
NA NA NA NA NA NA 1.0 0.8¢1.1

pressure sores
Development of IPC care protoc NA NA 0.7 0.4¢1.2 NA NA 1.5 0.8¢2.6
Feedback of surveillance results

. NA NA 0.7 0.4c1.2 NA NA 0.6 0.3¢1.»

to staff on IPC practices
Decision on isolation and
precautions of residents

. . . NA NA 1.4 0.7¢2.8 NA NA 1.7 0.8¢3.7
colonised with resistant
microorganisms
IPC committee NA NA 0.8 0.51.3 NA NA 1.3 0.8¢2.1
LTCF types (reference. others)
Nursing homes 1.1 0.7¢1.9 0.7 0.3¢1.6 24 1.1¢h.22 2.8 1.0¢7.52
Intellectual disability facilities 0.6 0.5¢1.7 0.6 0.1.3 6.1 2.0¢18.4 15 0.4¢5.4
Mixed-care facility 1.0 0.6¢1.7 0.6 0.3¢1.4 2.2 0.9¢5.1 2.5 0.9¢7.1
Measures of variation Nz SD " H SD
Empty Model NA NA NA NA 0.5 0.2 0.4 0.2
Find Model NA NA NA NA 0.2 0.1 0.3 0.2
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Negative binomial regression analy8is Multi-level logistic regression analysis
AMU HAI AMU HAI
IRR 95% CI IRR 95% CI OR 95% CI OR 95% CI
%
mOR 95% CrL  mOR 95%
CrL
Median OR in Final Model NA NA NA NA 2.2 1.8¢2.8 2.1 1.5¢3.1
Bayesian DIC
Empty Model NA NA NA NA 2,472.5 1,430.4
Final Model NA NA NA NA 2,398.2 1,392.6

2Y g NAF Yy OST /ALY TO2/YNHAYR SONFSRABWVME SNIAY G SN € T 5L/ Y RSOAL yOS -assychtddNifdctiodszagd ONRA G SNA I T |
antimicrobial use inlong SNY OF N8 FIF OAtAGASAT 1 /1Y KSIfiKOI NBy ORMRS\GS yNITH StarmibafefadlySOGARCY LANBIS
hwY 2RRa NIGA2T we¢LY NBALANIG2NE (NI OlG AyTSOGA2yadDG{BYTESOLYRYAR REDXI aK2¢S (AVSE
A AIYAFAON Y HiBnofialfredgzéssion @nalysis was pgrfabmed on all 224 LTCF from HALTA0ltiGvel regression analysis on 80 LTCF from additional

database, 2017.
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2.5.3 Multilevel logistic regression analysis

The likelihood ratio test, as well as the caterpillar plots, shibwebstantial

variation between LTCF in AMU and HAd(res 2.2Aand2.2B).

A. Antimicrobial use B, Healthcare-assoclated infections

Random effects for LTCF
=
Random effects for LTCF
o
1
———
E %

T
0 20 40 60 8o 0 20 ] 60 8o

LTCF (ranked) LTCF (ranked)

Figure 2.2 Caterpillar plot showing variance in (A) antimicrobial use and (B)
healthcareassociated infections in longerm care facilitie§, HALT 2016 and
additional database, Ireland, 2017

HALT: healthcarassociatednfections and antimicrobial use in logrm care facilities; LTCF: long
term care facilities?After correcting for LTCF characteristics.

For both AMU and HAI, significant resideahd LTClevel variables are

presented in the final modell@ble 2.4. AMU was double in residents with

I dzZNA Yyl NBE O (KS (i &N)ragdrdie¥s oHLDPGFTypetpskin / LY M ®p
residents with a urinary catheter was also double pamed with residents

gAl0K2dzi | O G4 KS G SML),opartictaryi®esidentomfz / LY MdD7
intellectual disability facilities, as compared with nursing homes or mixed

care facilitiesFigures 2.3Aand2.3B.
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G
M

A Antimicrobial use B. Healthcare-associated infections
¢

* ”.! L.

Nursing homes IDF Mixed Other Nursinghomes ~ IDF Mixed Other

o
M

Predicted log odds of AMU

Predicted log odds of HAI

Types of LTCF Types of LTCF

Presence of urinary catheter

Mo mmYes

Figure 2.3 Predicted probabilities of (A) antimicrobial use and (B) healthcare
associated infections by longerm care facility types, HALT 2016 and additional
database, Ireland, 2017

HALT: healthcarassociated infections and antimicrobial use in koaign care facilities; LTCF: leng
term care facilitiesIDF: intellectual disab#itfacilities

¢CKS LINBASYOS 2F Fy AYOGSNylrt O22NRAYIlIGAY3
5% CLoOndc O Yy FTYGAYAONROAIE &aGS6F NRaKALI
0.1¢0.6), a system to provide feedback to GP on antimicrobial consumption

OhwY ndoT ¢Od)pan medical caredprovided by personal GP

OhwY ndc Tcl.g) paere dll siynificantyr associated with reduced

prevalence of AMU. An increase in whtilae equivalent (WTE) healthcare

assistants (HCA) was associated with reduced AMU prevalence (Oveifpr e

WTE). Taking a microbiological sample before starting antimicrobials

increased the likelihood of AMU by 2.5 (95% Cic4.6). The odds of AMU

gl & YdzOK KAIKSNI F2NJ ydzNEAY IAGRAMS NBAARSY
intellectual disability facilityesidents (OR: 6.0; 95% CI.cA.8.4), compared

with other LTCF type3éble 2.3.

Staff feedback on surveillance results of IPC practices was associated with a
reduch 2y AYy | !'L ohWw®). ndcT dpizY /L nodo
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Nursing home residents were nearly three times more likely to have HAI

6hw T H ®yHSpihan rfedidentsmidimer LTCRalfle 2.4.

For both AMU and HAI, large int&cility differences were observed; the
mMOR for AMU was 2.2 (95% Crl: §28) and for HAI was 2.1 (95% Crl¢1.5
3.1), indicating a doubling of the odds for both conditions if an imaginary
median resident move from a lower risk LTCF to a higher riskne (Table
2.4).

2.6 Discussion

To our knowledge, this is the first mulével regression analysis of
information from the KALT 2016 study. The results showed that with limited
additional information, a much more detailed analysis can be performed to
reveal associations between institutional, i.e. LTCF, characteristics on AMU
and HAI. This approach could therefore be considetedimprove
antimicrobial stewardship interventions. For future HALT PPS methodology,
the collection of age, sex, urinary catheterisation and disorientation status
on all residents within each participating LTCF, rather than just residents
with  AMU and/or HAI, would add to the analysis of data and is

recommended.

The aggregatedevel HALT 2016 analysis showed urinary catheter use to be
the only significant risk factor for both AMU and HAI, while the additional
database analysis identified a number of ingdibnaklevel variables
significantly associated with reduced AMU. These were the presence of an
internal coordinating physician, an antimicrobial stewardship committee,
feedback to GP on antimicrobial consumption, medical care provided by
personal GP ankigher numbers of WTE HCA. Staff feedback on surveillance

of IPC practices was also directly associated with a reduced HAI prevalence.

The median OR showed high variation between LTCF, with an estimated
doubling of the chance of both AMU and HAI for an gmary median

resident if they moved from a lowisk LTCF to a higisk one. Conversely,
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the median OR also showed that addressing institutional risk factors could

theoretically halve HAl and AMU prevalence.

Formation of a local antimicrobial stewardshgommittee, linked with
feedback on prescribing and/or IPC practices, could positively influence
stewardship practices and in turn lead to reduced AMU and HAI. Other
institutional changes may require more structural adjustments and resource
investments, sut as the appointment of internal coordinating physicians or

increasing the number of WTE HCA.
2.6.1 Strength and limitations

The multilevel regression analysis was not specified in advance of the HALT
2016 survey and the additional data collection may havepdiced a bias.

The additional data on age, sex, urinary catheter use and disorientation may
only explain part of the casmix variability with other factors captured in
GKS Wdzy SELX I AYSRQ Gl NAFGAZ2Y Ay GKS
HALT 2016 dabmse with the additional database did not show any
important differences for any of the variables, although only 35% of the
participating LTCF responded to the subsequent request for additional
information. Most importantly, if larger LTCF contributed matds would
impact analysis and conclusions, as such LTCF may be more likely to have
committees or feedback systems. Fortunately, the comparison of the LTCF

did not show a bias towards larger or smaller LTCF (data not shown).

The request to LTCF to collemdditional data on current residents was
pragmatic, taking into consideration staff workload, as a request to
retrospectively review data from the HALT 2016 survey was likely to have
discouraged the reporting of additional data or limited participation.
Therefore, replacing residents with similar characteristics from the HALT
2016 with current residents for whom additional information was collected,
thus comparing patients having AMU/HAI with patients who may or may not
have AMU/HAI, could have introducédhs. Although a change in outcome

IS not anticipated by this action, such a bias cannot be checked for nor its

60

Y2 RSt



Chapter 2: Antimicrobial prescribing and infections in LTCF: a multilevel analysis of
the HALT 2016 study, Ireland, 2017

direction be anticipated. However, collection of limited additional
information on all residents in future HALT studies may show this asswciati

to be stronger than was found by our study.

Ly F tt{2 LINIAOALIGAY3I NBaARSylaqQ
same time, which makes it difficult to derive the dit®n of the associations
found(231) Finally, the quality of data collected in any PPS depends on good
participation and $ subject to bias. It is possible that the LTCF that
participated in HALT 2016 may have improved awareness of antimicrobial
stewardship and HAI prevention, and were therefore more likely to

volunteer to participate in a PPS.
2.6.2 Comparison with existing literaure

Antimicrobial stewardship provides standard, evidefased approahes

to encourage judicious AM{232) Some perceived barriers in antimicrobial
stewardship programmes are physician practice/compliance (69%) and
patient/family expectations (15%P33) Risk factos identified in relation to

Ot AYAOIFf LN OGAOS IITNBX GKS WiINBI G
regarding effectiveness of antimicrobials, e.g. asymptomatic bacteriuria
(234) In our study, the presence of a coordinating physician, coupled with
feedback on antimicrobial consumption, and particularly having an
antimicrobial stewardship committee in place, was associated with
significantly reduced AMU prevalence. However, only five of 224 LTCF from
HALT 2016 and three of 80 LTCF from the additional database reported
having an antimicrobial stewardship committee. A nursing hatmey from
Northern Ireland showed appropriate prescribing was associated with
regular ghysician visit§235) Our study showed the impact of medical care
provided by a personal GP in reducing AMB ,GP were considered to be
Y2NB FlIYATAFNI gAGK GKS NBaAaARSyidQa
which seemed to limit antimicrobial prescribing. Prescribing practices by

medical staff other than the personal GP would have been by physicians who

2 dzii 02 )

TANAIG

YSRAOI

weNB y20G Fa FFYATAFN gAGKQEIFBREG Obry RA DA Rdzh f
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study supports the appointment of an internal coordinating physician and
the maintenance of medical care by personal GP in resident cargfmost

antimicrobial stewardship.

In general, nurses are primarily responsible for resident care in LTCF,
supported by HCA who may have more direct resident contact, assisting with
personal care, meals and mobility, as required. Some studies suggest that
this may result in higher antimicrobial prescribing, specifically for
asymptomatic bacteriuria, while other studies suggest that their
involvement in prescribing edation reduces inappropriate AM{237, 239,

240) Even though nurses and HCA do not prescribe antimicrobials in LTCF in
Ireland, our study found no difference in either increased or decreased AMU
with a higher or lower number of WTE nurses, but found a modest reduction
in AMU with higher WTE HCA in LTG#s modest reduction may indicate
higher involvement of HCA in the direct care of the resident. The HCA role

and the nurse to HCA skill mix within LTCF warrants further investigation.

Our study found the practice of taking a microbiological sample before
starting antimicrobials to be a key predictor of increased AMU in LTCF, which
is similar to a previous study conducted in nursing homes in (2219 It
suggested that the routine of sample taking may be a reminder or
justification for prescribing. However, qualitative studies are required to

understand such potential association.

In our study, urinary catheterisation was an important resident fakor
associated with higher AMU prevalence. A 2014 study also reported that
UTIs were associated with catheter use in both acute €acdities (20%)
and LTCF (50%)L01) A previous study from our group reported an
association between AMU and urinary catheterisation particular that
AMU in catheterised residents was more likely to be prophylactic. According
to guidelines, catheterisation is not a sufficient indication for any
antimicrobial, eiher therapeutic or prophylactil34) Hence, this is an area

where AMU could be improved substantially.
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2.7 Conclusion

Collection of some limited additional residenskifactor data after HALT
2016 facilitated multlevel model analysis and thus identification of
significant individual and institutional risk factors for AMU and HAI in Irish
LTCF, with significant intéacility variation for both conditions. Our analysi
shows the benefit of collecting limited additional information on all
residents, which could be considered for inclusion in future HALT PPS.
Factors associated with reduced AMU were the presence of a coordinating
physician and an antimicrobial stewardshcommittee, medical care
provided by personal GP and antimicrobial consumption feedback to LTCF
staff and prescribers. Feedback on IPC practices was associated with lower

HAI prevalence.
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CHAPTER 3: A COMPARATIVE ANALYSIS OF PROPHYLACTIC
ANTIMICROBIAL USE IN LONERM CARE FACILITIES IN
IRELANDP2013 AND 2016

Publishedn EurosurveillancelMarch 2019 (Appendk 6)

A/ g Y[l agf -DMaryaget ChédngWHOmj ] | ge g

| dzG K2NBEY aSSNI ¢FyRIYyS w2NE hQ /2yy2NE YINBy

Hennessy, Fiona Roche, Sheila Donlon, Martin Cormican, Akke Vellinga.

3.1 Highlights

T Antimicrobial prescribing guidelines do not oeemend prophylactic
antimicrobial use (AMU) in loAgrm care facilities (LTCF).

1 Of the 10% residents who are on antimicrobja#% wereon
prophylactic antimicrobialsn LTCF.

1 Prophylactic AMU was reportedhore oftenin HALT 2016 than i
2013. However, o difference was observed forthose LTCRhat
participated in both surveys.

1 A majority of the prophylactic AMU was for conditions related to t
urinary tract followed by respiratory tract and skin and wound.

¢ Nitrofurantoin and trimethoprimwere more often prescribed for
urinary tract macrolides forrespiratory tractand macrolides and
tetracycline forskin and wound

1 Female residentsiesiding in LTCF for more than a year and wit
urinary catheter were more likely to be on prophylactic AMU.

1 Prophylatic AMU should be a keyriority in the antimicrobial

stewardship initiatives to reduce inappropriate AMU in LTCF.

Key words: Antimicrobal, Prophylaxis, HALT, Letegm care facilities

64



Chapter3: A comparative analisof prophylactic antimicrobial use ifT Chn
Ireland 2013 and 2016

3.2 Abstract

Background Longterm care facilities (LTCF) are important locations of
antimicrobial consumption. Of particular concern is inappropriate

prescribing of prophylactic antimicrobials.

Aim: We aimed b explore factors related to antimicrobial prophylaxis in
LTCF in Ireland.

Methods: The point prevalence surveys of Healthc&ssociated Infections

in LongTerm Care Facilities (HALT) were performed in Ireland in May 2013
and 2016. Data were collected dacility (type and stewardship initiatives)
and resident characteristics (age, sex, antimicrobial and indication) for those
meeting the surveillance definition for a HAI and/or prescribed an

antimicrobial.

Results:n 2013, 9,318 residents (in 190 LTCH)iar2016, 10,044 residents

(in 224 LTCF) were included. Of the 10% of residents prescribed
antimicrobials, 40% were on prophylaxis, most of which was to prevent
urinary tract infection. The main prophylactic agents were: nitrofurantoin
(39%) and trimethopm (41%) for urinary tract (UT); macrolides (47%) for
respiratory tract and macrolides and tetracycline (56%) for skin or wounds.
More than 50% of the prophylaxis was prescribed in intellectual disability
facilities and around 40% in nursing homes. Prdgokig was recorded more
often for females, residents living in LTCF for more than 1 year and residents
with a urinary catheter. No difference in prophylactic prescribing was
observed when comparing LTCF participating and not participating in both

years.

Canclusions:Forty per cent of antimicrobial prescriptions in Irish LTCF were
prophylactic. This practice is not consistent with national antimicrobial
prescribing guidelines. Addressing inappropriate prophylaxis prescribing in

Irish LTCF should be a keyettjve of antimicrobial stewardship initiatives.

65



Chapter3: A comparative analisof prophylactic antimicrobial use ifT Chn
Ireland 2013 and 2016

3.3 Introduction

Antimicrobial resistance (AMR) is a major global concern. The overuse and
misuse of antimicrobials in both humans and animasswell as the release

of active antimicrobial$o the environment are the leading drivers of AMR
(42). To date, there have been three surveys on Healthéesociated
Infections in Longferm Care Facilities (HALT) in the European Union
(EU)/European Economic Area (EEA) (2010, 2013 and 2016/adineded

by the European Centre for Disease Prevention and Control (E&€DCTY 3,

241) The second EU/EEA point prevalence survey (PPS) of daeelth
associated infections (HAdnd antimicrobial use ilong-term care facilities
(LTCE performed in 2013, reported a crude European prevalence of
residents on antimicrobials in LTCF of 4%, ranging from 1% in Hungary to
12% in Greecé€37). In Ireland, the figre was 9.8% and on any given day,
residents in Irish LTCF were twice as likely to receive an antimicrobial
compared with the EU/EEA averg@®). A considerable proportion (28%) of
antimicrobial use in LTCF in EU/EEA region was prophy(@ctic73) In
Ireland, the figure was even higher, at 3830).

TheL NA &K | SIFHfGK { SNBAOS 9ESOdziABS 61 {90 I
Institute for Health and Care Excellence (NICE) have issued antimicrobial
prescribingguidelines for various infections both in and outside L{IGE,

242) Nevertheless, prophylactic antionobial prescribing which is
unsupported by evidence or contrary to gurdze is widely practised in LTCF
(37, 173) A narrative review of antimicrobial prescribing in nursing homes
showed that early half of the antimicrobials prescribed were unnecessary
(75). In addition to the societal concerns regarding AMR, inappropriate
antimicrobial consumption places patients at risk of serious adverse effects.
These include disturbance of normal microbial flora (for
example Clostridium difficilenfection in the gut, mucosal candidiasis in the
skin, etc.) and direct toxic effects of the antimicrobial agent (e.g. pulmonary
and hepatic injury related to loagerm use of nitrofurantoin) (216, 243)

Antimicrobial consumption also places the patient at increased risk of
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colonisation with antimicrobial resistant organismagich may compromise
their subsequent treatment options(244) Longterm antimicrobial
prescribing has also been linked to an increased risk of colorectal adenoma
(217) Therefore, antimicrobial prophylaxis should be limited to specific,
well-accepted indicatioa to avoid patient harm and costs, in addition to

controlling AMR128)

The population of Europe is ageing rapidlythwa projected oldage
dependency ratio (above 65 years of age) increasing from 28% in 2014 to
50% by 206@245) This ageing population is a major cause of pressure on
healthcare sysms and costi246)and is associated with increased demand
for nursing homes and LTCF capa@®y). In 2013, the total LTCF capacity
was estimated to be 3.6 million beds in,B34 facilities for older adults in
EU/EEA countrieg37). LTCFare therefore an important component of
healthcare systems in many higlicome countries with &% of the older
population residingn LTCH75). LTCF represent a high risk for AMR
infections as they are an environment where immunocompromised
individuals live in a communal residence, with a high prevalence of

indwelling devices and high antimidrial consumption(65-67).

Irish HALT survey reports have been publistigd 85, 89, 90)This study
used data from the 2013 and the 2016 HALT PPS to compare prophylactic
use of antimicrobials in Ireland and explores indications and factors related

to antimicrobial prophylaxis.

3.4 Methods

3.4.1 Study design

The HALT PPS was initiated in 2008 by the Healthcare Associated Infections
Network (HAINet) of the ECD@7). The overall aim of HALT was to support

the preventon and control of HAAnd reducing antimicrobial use and AMR

in the EU/EEA. In Ireland, the HALT PPS was coordinated by the Health
Protection Surveillance Cent(elPSC). This study is a secondary analysis of

data from the 2013 and 2016 HALT PPS in Irish LTCF.
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3.4.2 Study setting

The HALT PPS was performed in May 2013 and 2016. The HPSC invited 598

LTCF in 2013 and 606 LTCF in 2016 across Ireland to participate in HALT.
Participation was voluntary. A standard protocol for conducting each HALT

adzZNSe sl a AaadzsSR o0& 9/5/Qa 1!'[¢ O22NRAY
local use(213) Each LTCF participating in HALT in Ireland was required to

send one nominated staff member to a regional training day delivered by

the HPSC coordinating team. During training, attendees learned how to

complete the HAL data collection forms (questionnaires) by practising case

studies and were introduced to the survey protocol, methodology and

software used.
3.4.3 Data collection tools

Two separate questionnaires, one institutional and one for residents, were

used to obtainY F2 NI GA2Yy | o62dzi GKS [¢/ CQa OKIF N
anonymised data on the resident populatidi@l, 90) While both the

institutional and resident questionnaire were filled in on the HALT survey

date, only the data obtained from resident questionnaires were used for the

purpose of this study.

The institutional questionnaire recorded bed occupancy, medical care
coordination,infection prevention and control (IPC) resources and activities,
the presence of coordinating physicians and antimicrobial stewardship
practices. The resident questionnaire was completed only for residents
meeting surveillance case definitions for activé\lHand/or prescribed
systemic antimicrobials. Information on demographics, recent
hospitalisations, recent surgery, the presence of vascular or urethral
catheters, incontinence, disorientation and impaired mobility were included
in the resident questionnae. Further information was collected on systemic
antimicrobial prescriptions, including the name of the antimicrobial, route
of administration, therapeutic or prophylactic indication, body site and

prescriber occupation.
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HAlwere defined using the updatextandardised definition; McGeer criteria
(175) of infection for surveillance in LTCF published by the Society for
Healthcare Epidemiology of America (SHEA) and the United States Centers
for Disease Control and Prevention (CHZ%7)

3.4.4 Data management and analysis

Within each participating LTCF, data were collected on paper questionnaires
and entered into an electronic database using the HALT software.
Completed data were subsequently returned to HPSC for analysis. To
identify an HAI according to the protocol, data caies followed the

algorithm provided in the resident questionnaire.

Descriptive statistics and multiple logistic regression analysis were carried

out in R software v3.4.1248) Data from both PP8ere combined together

and multiple logistic regression were applied for the outcome prophylactic

prescribing (prophylactic vs therapeutic) from the resideneeiving

antimicrobials. Prophylactic prescribing is defined as the prescribing of an

antimicrobial with the aim of preventing an infection where residents had

no signs or symptoms of infection on the date the antimicrobial was started

(2490 wSaAaARSYGQa adGliddza 2F SAGKSNI LINPLIKET |
I FGSNI NE@ASgAYyT GKS NBAARSYGiQa YSRAOFE |
coordinating physiciansor general practitioners and/or reviewing the
NEaARSy(iQa RAAOKFINABS ftSGGSNI AT GKS FyldAy
variables for multiple regression analysis were identified based on previous

HALT reports and literature review. The regressionyaislused a forward

stepwise selection process where each variable was introduced separately

and variables with significant change remain in the model. Analysis was

performed both including and excluding the missing values in the dataset to

see if changeeccurred in the outcome, and no differences were observed.

The results are presented as odds ratios (OR) and associated 95% confidence

intervals (Cl). Interactions were tested and omitted from the model if not

significant. The p value for the differencegrophylactic prescribing in two
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PPS for different types of LT@&s derived from the cksquared test. A sub
analysis was performed to confirm risk factors for LTCF that participated in
both HALT surveys (2013 and 2016).

3.5 Results

3.5.1 Prophylactic antimicrobiad use by care types

In total, 190 (2013) and 224 LTCF (2016) participated in the HALT PPS in
Ireland. The majority were general nursing homes (GNHs) followed by mixed
care, intellectual disability and psychiatric LTCF. A total of 119 LTCF
participated in loth HALT PPS (2013 and 2016), of which 100 LTCF reported
1,035 residents on an antimicrobial on the day of surd&p(e 3.). Overall,

the total numbe of participating LTCF was higher in 2016, but the number

of GNHs was lower, from 112 (2013) to 102 (2016). The number of residents
was higher in 2016 compared with HALT 2013 (10,044 vs 9,318), an increase
of 8% Table 3.}
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Table 3.1 Comparison of prophylactic antimicrobial use by care types in HALT, Ireland 2013 and 2016

I'[ ¢ wAamo oYy T o 1 [ ¢ HAamMc Oy T M™MJ
Residents Residents p
LTCF types No of AM? Prophylactic AM No of AM? Prophylactic AM  valu€f
LTCF Total LTCF Total
% n % n % n %
Particpated in both surveys (119 LTCF
GNH 58 2,881 314 109 120 38.2 54 2,725 235 8.6 104 443 0.18
Mixed facility 26 1,447 79 5.5 32 40.5 24 1,397 149 10.7 48 322 0.27
IDF 19 833 72 8.6 38 52.8 19 892 61 6.8 30 49.2 081
Psychiatric 7 200 10 5.0 4 40.0 7 173 10 5.8 5 50 0.65
Palliative 4 90 30 333 10 33.3 4 93 30 323 5 16.7 0.23
Rehabilitation 3 181 14 7.7 2 14.3 3 187 12 6.4 3 25.0 0.49
Physical disability 1 28 0 NA NA NA 1 13 0 NA NA NA NA
Others 1 29 0 NA NA NA 7 177 19 10.7 11 57.9 NA
Total (both surveys) 119 5,689 519 9.1 206 39.7 119 5,657 516 9.1 206 39.9 099
Participated in one or both surveys (190 in 2013 and 224 in 2016)
GNH 112 6,019 567 9.4 217 38.3 102 5,163 493 95 213 43.2 0.10
Mixed facility 32 1571 165 105 56 33.9 46 2,499 250 10.0 106 42.4  0.08
IDF 24 1,060 106 10.0 54 50.9 31 1,251 102 8.2 55 53.9 0.66
Psychiatric 11 345 23 6.7 6 26.1 23 505 39 7.7 12 30.8 0.69
Palliative 4 89 31 348 10 32.3 7 134 44  32.8 9 205 0.24
Rehabilitation 3 139 14 101 2 14.3 5 245 22 8.9 5 22,7 0.53
Physical disability 2 46 0 NA NA NA 1 13 0 NA NA NA NA
Cthers 2 49 7 14.3 5 71.4 9 234 31 13.2 17 54.8 0.42
Total (one or both surveys’ 190 9,318 913 9.8 350 38.3 224 10,044 981 9.8 417 425 0.06

AM: antimicrobials; GNH: general nursing homes; HALT: healtasateiated infections in lorigrm care facilitid T L5CY Ay G St f SOl dzk fermRA &l 6 AE AGE FI
care facility; NA: not applicable.

aDenominator for percentages is total residents in the facility.

bDenominator for percentages is AM.

¢ p value of difference in prophylaxis between 2013 and 2016
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The prevalence of antimicrobial prescribing was similar in 2013 and 2016.
However, in 2016 the proportion of prophylactic antimicrobials prescribed
seemed to be higher (42%) compared with 2013 (38%). However, when only
comparing LTCF that participatech iboth surveys, the prophylactic
prescribing was the same for both surveys (i.e. 40%). Overall antimicrobial
prescribing was higher among GNH residents compared with any other LTCF
types in both HALT surveys, while the proportion of residents receiving
prophylaxis was higher among residents in intellectual disability facilities
(IDFs) for all LTCF, as well as for the 119 LTCF that participated in both
surveys Table 3.). No significant differences were observed from 2013 to

2016 for prophylactic prescribing by facility type.
3.5.2 Indication of prophylactic antimicrobials by body sites

Ly 020K &dNWSeazr 2F +ff LINRPLKeflIEAA LINBA&
2016), the urinary tract accounted for the majority (75% and 70%

respectively), followed by respiratory tract (12% and 18%), skin or wounds

(9% and 8%) and other sites (4% afd)4Not shown in table). Similarly,

urinary tract accounted for the majority (72% in 2013 and 71% in 2016) of

¢ LINRPLKe&flIEAE LINBAONAROSR 6y I' WHnc Ay H
LTCF that participated in both surveys. Prophylaxis prescribing for

respiratory tract was higher in 2016 (14%) compared with 2013 (9%) but less

for skin or wounds in 2016 (9%) compared with 2013 (12%).

Analysis of the 119 LTCF that participated in both surveys showed higher

prophylactic prescribing in 2016 (20%) than in 213%) for respiratory

tract (Figure 3.1A Similarly, the proportion of prophylaxis was higher in

2016 (26%) than in 2013 (16%) for the respiratoagt of all antimicrobials
LINEAONROSRE 020K LINRPLKefl OGAO FyR {KSNJI LI
in 2016). Of all antimicrobials prescribed specifically for the urinary tract, as

well as for skin or wounds, the proportion prescribed as prophylaxis

remained the same for both yeard=igure 3.1B Prophylaxis for other
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indications was higher in 2016 (27%) compared with 2013 (2B#¥gliré
3.1B.

A, LTCFs particpating i both surveys (1=119 n 2013 and 2016) B, LTCEs partcipating in either survy (1=190 in 2013, =224 in 2016)
2% (=238
Urinary ract - Urinary tract
o4 (=234
0 200 (=143 0
£ Respiratory ract e Respiratory tract
,g Yl (1=142) g
T T
g T (=00 uth g 2 =) b
U Skinandwound ' Sin and wound
(n=s6) s (r=152) o
2R (=49 6 (1)
Others Others ‘
“(ﬂw] !‘i_(ml
o wh b b owh nk % % oh w% 2% % % owh A% ok
" of all residents on prescribed % of all residents on prescribed
prophylactic antimicrobials prophylactic antimicrobials

Figure 3.1 Proportion of residents prescribed prophylactic antimicrobials, by
body site targeted, healthcar@ssociated infectins in longterm care facilities
point prevalence surveys, Ireland, 2013 and 2016, (A) in kemgn care facilities
which participated inboth surveys (n=119) and (B) in long term care facilities

which participated in either survey (n=190 in 2013 and n=224£016).

n refers to total number of residents on antimicrobials (both prophylactic and therapeutic) for a
specific condition during the survey.

3.5.3 Prophylactic prescribing of antimicrobiaby body site

Figure 3.alisplays a comparison between 2013 and 2016 in the breakdown
of prophylactic antimicrobials prescribed according to body site. The analysis
of the 119 LTCF that participated in both surveyspfurantoin (35% and
39%) and trimethoprim (40% and 37%) were most often prescribed as
prophylaxis for urinary tract; macrolides (47% and 69%), cephalosporin (11%
and 3%) and tetracycline (16% and 11%) for respiratory tract and

tetracycline (56% and 68%nd penicillin (8% and 26%) for skin or wounds
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in respective yearg={gure 3.2 The prophylactic prescribing of macrolides

for respiratory tract andetracycline for skin or wounds was higher in 2016

compared with 2013.

Ireland 2013 and 2016

A, LTCFs participating in both surveys (n=119 in 2013 and 2016)

2013 2016 2013 2016 2013 2016
(h=140)  (r=147) | (r=10)  (n=29) | (n=25)  (n=19)

100%

mwmc
£ 3 B 3
A

% of antimicrobial prescribed
prophylactically, by condition
‘S
T

Urinary tract Respiratory tract Skin or wound

B. LTCFs participating in either survey (n=190 in 2013, n=224 in 2016)

100%

90% -

w E—— @
] ) =) S
ES ES ES Ed

% ofantimicrobial prescribed
B
=

prophylactically, by condition

W Trimethoprim = Fluoroquinolones = Penicillin
== Nitrofurantoin = Co-amoxiclav = Macrolides
B Cephalosporin B Tetracycline mm Others

2013 2016
(n=261)  (n=200)

Urinary tract

2013 2016
(=42) (=73

2013 2016
(1=30)  (r=35)

Respiratory tract Skin arwound

Figure 3.2. NBI 1 R2g6Yy 2F | YiAYAONROAL

sites, healthcareassociated infections in lorerm care facilities point

prevalence surveys, Ireland, 2013 and 2016

The analysis of all the LTCF for the 2 years shows similar results.
Nitrofurantoin (37% and 41%) and trimethoprim (44% and 38%) were the
most frequently prescribed prophylaxis for urinary tract, macrolides (33%
and 60%), cephalosporins (12% and 14%) and tetracycline (14% and 8%)
were most often prescribed for respiratory tract prophylaxis in 2013 and
2016 respectively, tetracycline (57% and 54%) and penicillin (10% and 17%)
were the main prophylactic agents presa for skin or wounds.
Tetracycline was mainly prescribed for skin or wound in IDFs (47% and 58%).
The proportion of fluoroquinolone prophylaxis in 2013 and 2016 for urinary
tract was 4% and 1%, for respiratory tract 10% and 4% and for skin or
wounds 7% ath 0% Figure 3.2B
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3.5.4 Risk factors of prophylactic prescribing

The median age of residents on prophylactic antimicrobials was 82 years,
with an interquatile range of 7&88 years (not shown in table). The number

of residents over 85 years on prophylaxis was 30% higher in 2013 (39%,
133/341) compared with 2016 (44%, 174/39bable 3.2isplays a higher
proportion of females (44%) on antimicrobial prophylaxis than males (35%).
Residents who had been in the LTCF for more than 1 year were more likely

to be prescribed prophylaxis (46% vs 29%).

75


https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2019.24.11.1800102#t2

Chapter3: A comparative analigsof prophylactic antimicrobial use irT Chn Ireland 2013 and 2016

Table 32 Multiple logistic regression analysis of prophylactic vs therapeutic antimicrobial prescribing in-teng care facilities, Ireland,

HealthcareAssociated Infections in Lorg S N

/' NE CIFOAftAGASA

OR! HGimcHOMO LOYHN

WpOATROASHD

Prophylactic Multivariate analysis
Characteristics Total
n % OR (95% ClI) p value
Age F yp @& SI NE& 1,123 444 39.5 ref
B yp &SI N& 735 307 41.8 1.04 (0.81.3) 0.37
Sex Male 696 243 34.9 ref
Female 1,162 508 43.7 1.5(1.21.8) F on®nan
LOS Fom @ §r NJ 604 175 28.9 ref
B m &SI NJ 1,254 576 45.9 1.4 (1.x1.8) 0.0042
Hospital admissior? No 1,445 649 44.9 ref
Yes 413 102 24.7 0.5 (0.40.7) fF o n®nn
Urinary catheter No 1,603 636 39.7 ref
Yes 255 115 45.1 1.8 (1.42.5) Fon®nn
Vascular catheter No 1,802 [ 415 ref
Yes 56 4 7.1 0.2 (0.£0.4) fF o n®nn
Incontinence No 648 220 33.9 ref
Yes 1,210 531 43.9 1.3 (1.x1.7) 0.0052
Pressuresore No 1,753 722 41.2 ref
Yes 105 29 27.6 0.6 (0.£1.0) 0.032
GNH 1,034 417 40.3 ref
. IDF 207 108 52.2 1.5(1.x2.2) 0.0072
Facility type .
Mixed 410 162 39.5 1.0 (0.81.3) 0.92
Other 207 64 30.9 1.0 (0.%1.4) 0.87
2013 only 382 140 36.6 ref
Participaion in HALT surveys 2016 only 461 210 455 1.6 (1.22.1) 0.0022
Both (2013 and 2016) 1,015 401 39.5 1.2 (1.¢1.6) 0.09

Note: Cl: confidence interval; GNH: general nursing home; HALT: healtssareiated infetions in longterm care facilities; IDF: intellectual disability
facility; LOS: length of stay in lotgyrm care facility; OR: odds ratio; ref: reference value.

ALY RAOI GSa
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The results of multiple logistic regression analysis demonstrated an
increased odds of prophylaxis for IDF residents, for those resdeate

than 1 year in the LTCF, for females, with the presence of a urethral catheter
and with incontinenceTable 3.2. Residents who had a pressure sore or a
recent hospital admission were less likely to be on antimicrobial prophylaxis,
although pressure soreag not significant when only comparing LTCF which

participated in both HALT surveys.

Prophylactic prescribing was 1.6 times higher in LTCF that only participated
in HALT 2016, compared with those only participating in 2013. LTCF
participating in both surws showed no difference in prophylaxis

prescribing between the survey$gble 3.2.
3.5.5 Unusual prophylactic prescribing in loAgrm care facilities

Therewas no documented end date for 80% of prophylactic prescriptions. A

high prevalence of antimicrobial prophylaxis was observed in IDFs. In the

2013 PPS, there was one IDF with five male residents (9%) who were

prescribed oral vancomycin as skin or woundghylaxis. In both PPS, there

were residents pres@iSR (62 RAFFSNBY G LINRBLK&tlFOGAO |
HAMoT y I ¢ AY HnamcO® LYRSSRI GKSNB 4l a
prescribed three antimicrobials (emmoxiclav, nitrofurantoin and

trimethoprim) as urinary tract prophylaxis. Some residentgere

simultaneously receiving two different antimicrobial agents, one

prophylactic and the other as a therapeutic. Two residents in 2013 received

two different types of antimicrobial prophylaxis for the same body site and

three residents in 2016 receivado types of antimicrobial prophylaxis for

different body sitesTable 3.3.
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Table 3.3 Special cases in the studies (proghctic and therapeutic antimicrobial

prescribing)

HALTF2013 HALTF 2016
Residen  Antimicrobial Prescribed Residen  Antimicrobial Prescribed
t for t for
R13 1 Doxycycline (P) SIW R16_1  Azithromycin(P) RT
Rifampicin (P) SIW Nitrofurantoin(P) uT
R13_2  Nitrofurantoin(P) uT R16_2 Doxycycline(P) SIW
Cephalexin(P) uT Nitrofurantoin(P) uT
R13 3 Mycostatin (P) ENM R16_3 Nitrofurantoin(P) uT
Coamoxiclav (T) RT Doxycycline(P) SIW
R13 4 Erythromycin(P) other R16_4 Cefalexin(P) uT
Coamoxiclav (T) RT Trimethoprim(P) uT
R13_5  Trimethoprim(P) uT R16_5 Trimethoprim(P) uT
Ciprofloxacin(T) uT Coamoxiclav (T) RT
R13 6 Mycostatin(P) ENM R16 6 Cefaclor(P) S/IW
Ciprofloxacin(T) uT Trimethoprim(T) RT
R13_7  Trimethoprim(P) uT R16_7  Trimethoprim(P) uT
Nitrofurantoin(P) uT Metronidazole (T)  Other
R13_8 Nitrofurantoin(P) uT R16_8 Cefixime(P) RT
Trimethoprim(P) uT Azithromycin(P) RT
R13_9 Nitrofurantoin(P) uT R16 9 Trimethoprim(P) uT
Coamoxiclav (P) uT Coamoxiclav (T) RT
Trimethoprim(P) uT Chlorornycetin(T) Eye
R13 10 Trimethoprim(P) uT R16_10 Doxycycline(P) RT
Cefpodoxime(T) RT Cefixime(P) RT
R13_11 Trimethoprim(P) uT R16_11 Cefixime(P) RT
Ciprofloxacin(T) uT Doxycycline(P) RT
R13_12 Trimethoprim(P) uT R16_12 Nitrofurantoin(P) uT
Coamoxclav(T) RT Coamoxiclav (T) RT
R13_13 Azithromycin(P) RT NA
Trimethoprim(T) uT

ENM: ear, nose and mouth; HALT: healthemssociated infections in lortgrm care facilities; P:
resident is on prophylaxisith indicated: Yy G A YAONRBOA I £t &T we¢Y NBALANIF G2NE

¢Y NBaARSydG Aa

2 with indic&adl- YIS0 A ONB NS Gy ByGe Y dzNRA y I NB
Every serial number (SN) represents a resident as R13_1, R13_2 and so on, R13 refers to residents in

the 2013 survey and R16 is a resident in 2016.
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3.6 Discussion

These findings showing a high prevalence of prophylactic antimicrobial use
in LTCF are consistent with previous studies conducted in the EU/EEA region
(37, 173)and in Ireland(71, 85, 89, 90)Overall, more than 40% of
antimicrobial prescriptions in Irish LTCF were for prophylaxis. After
correcting for demographic factors and the type of facilityggrylactic use

of antimicrobials was higher for LTGRly participating in the 2016 survey,
compared with those only participating in 2013. It is unclear why there was
more prophylactic prescribing in LT@at performed the 2016 survey only.

It might be epected that prior participation in the 2013 survey might have
increased awareness of high prophylactic prescribing, which in turn may
have had an impact on subsequent proplegia prescribing. Only 119 LTCF
participated in both surveys (2013 and 2016).wedwer, the LT
participating in both surveys show no difference in prophylaxis use. More
than 90 LTCF participated for the first time in the HALT survey in 2016 and
awareness of prophylaxis prescribing in the new patrticipating LTCF may have
been lower béore participating in HALT. Anecdotal feedback received from
2013 HALT participants who attended HALT protocol training sessions in
2016 indicated that prior participation had indeed raised local awareness
about antimicrobial stewardship in LTCF nursiraffsalthough the impact

on prescribing doctors was felt to be less evident. In both 2013 and 2016
HALT surveys, LTCF nursing staff comprised the vast majority of HALT data
collectors, with very few doctors reported to have collected data (data not

shown).

Although there is scientific evidence for antimicrobial prophylaxis in selected
indications (e.g. perioperative prophylaxis), much of the prophylactic
prescribing in LTCF does not appear to follow guidelines or be evidence
based(250) Our other study showed that nearly half of the antimicrobial
prescribed in LTCF webeoad-spectrum/secondine (251) In this study, the
majority of prophylaxis was prescribed for the urinary tract (75%) and no

proportional change was observed between 2013 and 2016. Antimicrobial
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prophylaxis may be considered for recurrent symptomatic urinary tract
infection (UTI) (defined as three or more uncomplichtéT s in the previous
year) if the condition is chronic and impacts on the vibeling of a patient
(134) However, the scale of urinatgact prophylaxis in Irish LTGHEggests

a more liberal use of prophylaxis. Positive urine dipsticks and asymptomatic
bacteriuria are especially common in older adults and may be erroneously
interpreted as repesenting UTI in residents without convincing localising
symptoms(252) In particular, residents with a urinary catheter were 1.8
times more likely to receive antimicrobial prophylaxis, even though the
presence of a urinary catheter is gmally deemed a contraindication to
prophylaxis(253) Similarly, a multilevel analysis of the additional collected
data from HALT 2016 by the author showed urinaatheter as a key
predictor of antimicrobial use in LTCZ54)

Nitrofurantoin and trimethoprim were the main agentsrescribed for
urinary tract prophylaxis. LoAgrm use of nitrofurantoin is not advised, due
to its hepatotoxicity243)and pulmonary, nerve and liver adverse reactions
reported as a result of lonterm nitrofurantoin prophylaxis in elderly

patients(255)

The proportion of antimicrobials prescribed for respiratory tract prophylaxis
washigher in 2016 than in 2013 (26% vs 16%). Even though the number of
residents aged over 85 years was higher in 2013 compared with 2016, and
chronic bronchitis and chronic obstructive pulmonary disease (COPD) are
more prevalent in older age groups(256) these conditions do not
neassitate prophylactic antimicrobial§257) Macrolides were the most
common prescribed prophylaxis for respiratory tract, mainly azithromycin
and erythromycin. This higher prescribing of prophyetntimicrobials for
respiratory tract may be related to increased awareness of evidence
showing efficacy of macrolide prophylaxis in achieving a reduction in
frequency of exacerbations of chronic obstructive pulmonary disease

(COPDJ258) Azithomycin may be indicated for prolonged exacerbations
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of COPD but prophylaxis should be initiated only upon the direction of a
respiratory physiciati134)

Fluoroquinolones are not recommended as fiise agents for treatment of
either upper or lower respiratory tract infections or UTIs and should only be
used as reserved antimicrobids34) This study found a limited number of
fluoroquinolones prescribed as prophylaxis¢%2) andcephalosporins
accounted for 10% of prophylaxis. Although a relatively small proportion of
antimicrobialsare used for prophylaxis, the use of these agents is of more
concern because of weallocumentedClostridiumdifficileinfection. Also,
with advancedage and being immunocompromiseshany LTCF residents
hawe additional risk factors fo€ difficileinfection (259) Furthermore, use

of fluoroquinolone was more often associated with adverse drug events

than any other antimicrobig260)

The other common indication fgorophylactic antimicrobials was skin or
wound prophylaxis. In LTCF, wound infections are generally related to
ageing, such as dry, pruritic skin, pressure ulcers, scahigd,tinea
versicolour Prophylaxis is not indicated for these conditigii20) However,

of the antimicrobials prescribed for skin or wound prophylaxis, 71% were
tetracycline, mainly doxycycline. The prophylactic use of doxycycline might
be in relation to acne vulgari®r which guidelines outlinthe longterm use

of doxycycline. Prophylactic doxycycline for skin or wound was observed
mainly in IDEsResidentsin IDFare generally younger and may have chronic
skin wounds secondary to sétfjurious behaviour(108) A concerning
finding of the 2013 PPS was that five male residents in one IDF were

prescribed oral vancomycin for skin or wound prophylaxis.

In Ireland, 70% of nursing home residents are considered tdigkly
dependent and require lonterm care(261) According to previous studies,
residents living in nursing homes for at least 6 months are78% nore
likely to receive at least one antimicrobi@5). The results of this study

showed a doubling of antimicrobial prophylaxis in those residing in LTCF for
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more than 1 year. This may be explained on the basis ttha longer a
resident remains in the same LTCF, the more likely the resident is to be
potentially erroneously labelled as having recurrent UTIs and for prophylaxis
to be considered a management option. A recent hospital admission (within
3 months of thesurvey) was highly associated with a reduction in
antimicrobial prophylaxis, which may be due to a revision or termination of
prescriptions during a hospital stay. The fact that some residents in this
study were simultaneously prescribed more than one (rypctic
antimicrobial highlights the importance of regular medicine reconciliation

exercises.
3.6.1 Limitations

The participation of Irish LT@Fthe HALT surveys was voluntary. LTiith

an interest in antimicrobial stewardship and HAI prevention may have bee
more likely to participate. The analysis was performed using data collected
as part of a PPS using a standardised data collection form. While more
beneficial for data collection, it also limits the opportunity to identify
alternative or different interpetations of indications for antimicrobial use or
application of guidelines or indications for prophylaxis. This applies to any
prophylaxis related to urinary tract, respiratory tract or skin or wounds.
Additionally, a PPS does not lend itself to deterngniduration of

antimicrobial courses, as start and end dates cannot be determined.

The riskfactor analysis was limited to residents on antimicrobials where the
odds expressed in the paper are the odds of a patient being on a prophylactic
antimicrobial compred with being on a therapeutic antimicrobial. This
actually resuked in few significant resultswhich is a limitation resulting
from how data were collected in the study. The significance of the result has
been reported using the exact p value, while ttepeated measurement for

adjusting multiple testing should have been considered in the study.
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3.7 Conclusion

A higher proportion of prophylactic antimicrobial prescribing was observed

in relation to the respiratory tract in 2016 compared with 2013 in ILSICF.
Overall, no differences in prophylactic antimicrobial prescribing were
observed among the LTCF participating in both HALT surveys. The use of
prophylaxis for the urinary tract remained high and unchanged. The high
prevalence of antingrobial use inrlsh LTCFparticularly antimicrobial
prophylaxis, indicates an urgent need to develop and implement education
and stewardship programmes specifically targeted towards residential care
settings. While participation in repeated HALT surveys is a valuable
surveillance method, it must be supplemented by local quality improvement
AYAGALFGADSazr o0laSR 2y SIFOK [¢/ CQa &adz2NBSe
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4.1  Highlights

=

Broadspectrum or secorndine antimicrobial use (AMU) i

recommended only when narrowspectrum or firstline antimicrobias

are ineffectiveto treat infections.

1 In Ireland, of the total AMUh longterm care facilities (LTCHE6%of
antimicrobials were seconlihe antimicrobials

1 Multilevel multinomial analysis of additional collected HALT d
showed inteffacility variance in seconrlihe AMU.

1 Provision of education and training on appropriate AMU substanti
reduces secondline AMU.

9 Future antimicrobial stewardship intervention should include traini

and education on antimicrobial prescribingshich improves patient

outcomes, unwantedeffects, and AMR.

Keywords:Antimicrobials, multinomiainultilevel, firstline, secondine, longterm

care facilities, HALT
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4.2  Abstract

BackgroundBroadspectrum, secondine antimicrobialsmay be prescribed
when initial firstline options prove ineffective. This study compares
prescribing practices and identifies jgoitial influencing factors for firsaind

secondline antimicrobials in longerm care facilities.

Design:Point prevalence survey bkalth caregassociated infectionand
antimicrobial use in longerm care facilities (HALT), expanded by additional

data collection.
Setting:Longterm care facilities in Ireland.

Participants:Of longterm care fadities that participated in the HALT study
2016, additional data provided by 77 facilities with a record of 3677

residents.

Measurement: On the survey date, an institutional questionnaire was
completed by each participating logrm care facility, and redent
guestionnaires were completed only for those residents who met a health
carecassociated infection surveillance definition and/or were prescribed a
systemic antimicrobial. All participating lotgrm care facilities were
contacted at a later time pointo provide limited anonymized data (age,
sex,urinary catheterization and disorientation) on all current salents.
These additional data were matched to the original data set, facilitating
multilevel multinomiallogistic regressioffirst-line/secondline/no

antimicrobial).

Results:Of 3677 residents in 77 lorigrm care facilities, 381 (10%) were
prescribed systemic antimicrobials on the survey day. Of those, 46% were
categorized as secorde choices, wh substantial inteiffacility variation
observed with regard to prescription of firstversus secondine
antimicrobials. The odds of a secoliiwe antimicrobial prescription for a
resident doubled when comparing the highest with the lowest prescribing

long-term care facilities (mediaadds ratio=2.0, credibility intervat 1.5
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2.9). Male residents were less often prescribed firs¢ artimicrobials [odds
ratio (OR)}0.6, 95% confidence interval (€10.4-0.9,P=.02]. Longterm
care facilities that reported the provision of education on antimicrobial
prescribing use significantly less secdimg antimicrobials (OR0.2, 95%
Cl=0.1-0.7,P=.02). Females and residents with a urinary catheter were

more likely to receive firsline antimicrobials.

Conclusion/ImplicationsThe use of seconlihe antimicrobials is common
practice in longerm care facilities, but education and trainingn
appropriate antimicrobial use has the potential to reduce sechbne
antimicrobial prescribing, improve patients’ outcomes, and reduce

antimicrobial resistance.
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4.3 Introduction

Longterm care facilities (LTCF) accommodatg92 of the older populatio

in developed countrie§75). In 2016, 3.6% of the population aged over 65
years in Ireland resided in LTCH). LTCF residents are at higher risk of
infection, with annual estimates of at least 2.6 million healtheassociated
infections in EuropeariJnion (EU)J European Economic AreéEEA)
countries(37) and between 1.6 and 3.8 million in the United Sta{262)
Increased healthcarassociated infection risk potentially accelerates
antimicrobial misuse and antimicrobial resistan@®@MR) (263) There is
substantial variation in antimicrobial prescribing, with-4/% of LTCF
residents receiving antimicrobials each year artdgh proportion of these

are considered inappropriat€264) A European point prevalence survey of
antimicrobial use in LTCF performed in 2013 fowadiation in national
antimicrobial use prevalence from 1% in Hungary to 12% in Greece, with a
mean of 4.49%37). At 9.8% antimicrobial use in LTCF in Ireland was double

the EUEEA averag€65)

The association between antimicrobial use and the developmeAMRhas
been reported in various studi€440, 266) Infection control measures and
antimicrobial stewardship programmes are two key strategies to reduce
AMRIin LTCK264) Antimicrobial stewardship is recommended to optimise
the use of antimicrobials through effective implementation and appropriate
use of antimicrobial prescribing guideline$267) Noncompliant
antimicrobial prescribing in LTCF is commonplace, estimated in excess of
20%(215) particulary broad spectrum prescribing and excessive treatment
duration (75) For example, fluoroquinolones, broad spectrum
antimicrobials, were the most commonly prescribed antimicrobials in LTCF
in the US (38%(146) Canada (23%) and European countries (18%9)

with the majority prescribed for the treatment of urinary tract infections
(UTIs), respiratory tract infecti@RTIs) and skin and wound infections, even
though fluoroquinolones are considered secdm® agents for these

common infectiong134, 242) Similarly, prophyletic antimicrobialuse was
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much higher than could be expected according to prescribing guidelines
(268)

To explore adherence to guidelines in Irish LTCF and identify potential
associated risk facter this study analysed first and secditk

antimicrobial prescribing.

4.4  Methods
4.4.1 Study setting and participants

Analysis of data from the point prevalence survey on healthcare associated
infections and antimicrobial use (HALT) conducted in 224 LTGHaindliin

May 2016 was performe(r1l). The HALT survey was undertaken according
to a standard protocol, devised by the Europeanni@e for Disease
Prevention and Control. The participation of lelggm care facilities were

voluntary.

4.4.2 Data collection

For each LTCF, two sets of questionnaires were filled. An institutional
guestionnaire recorded aggregate data on the overall residemupetion

and risk factors such as age above 85 years, indwelling devices, size-of long
term care facility, medical eordination, antimicrobial stewardship
activities and resources from each participatingTCF A resident
questionnaire recorded demographémd risk factor information (presence

of vascular or urethral catheters, incontinence, disorientation and impaired
mobility, hospitalisation in past three months) of only those residents
meeting the surveillance case definition of active healtheassocated
infection (HAI) and/othoseprescribed antimicrobials on the day of survey.
Asaggregatedatawas initiallycollectedduringMay 2016 thisreduced the
potential to identify associations. To increase the power, all the LTCF that
participated initialy in May 2016 survey were contacted retrospectively on
January 2017 with a request to provide current resident level data on age,

gender, urinary catheterisation and disorientation which would allow for
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analysis at LTCF level, adjusting for individuabfadia multilevel approach).
The decision torequest additional informationon current residents8
months (January 2017)llowinginitial data collectio(May 2016) wataken

for 2 reasons. Firstlycollectinglimited additionaldata was less laborious
than repeating the entire surveys fothe LTCF staff Furthermore little
changes in the overall resident populatisras assumedince the original
PPS date. The retrospectivalgllected information washen matched to

the original database (HALT surveyl@)) replacing each resident of the
same sex and closest in age, considering urinary catheterisation and
disorientation. The resultant database was used for data analysis. The

matching criteria was defined prior to the additional data collection.

4.4.3 Variablkes in the analysis

¢CKS 2dz002YS OFNAIF6fS 4 & ushSatudk RSy G Qa
line or secondine or no antimicrobial. Antimicrobials were categorised as
either firstline or seconeine according to the recommendations of the Irish

national antimicrobial prescribing guidelines for primary c§t84) First

line according toridication were:

71 Urinary tract infection (UTI): nitrofurantoin, trimethoprim,
sulfamethoxazoldrimethoprim, fosfomycin

1 Respiratory tract infection (RTI): Amoxicillin, doxycycline,
clarithromycin, phenoxymethylpenicillin

1 Skin infections: Doxycycline, tetsadine, lymecycline, flucloxacillin,

clarithromycin

Included predictor variables at resident level were: age, sex and presence of
urinary catheter and at LTCF level were: medical care provider (general
practitioner versus medical staff employed by the liag, prescriber
education on antimicrobial use, availability of a therapeutic formulary and
LTCF care type: further stratified into general nursing homes, intellectual
disability facilities, mixed care, psychiatric care, palliative care,

rehabilitation, physicaldisability care and other LTCProvision of annual
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regular training on appropriate antimicrobial prescribing in LTCF was an
indicator for prescriber education. Institutional level variables were
information on annual regular training on antimitWial use and the
availability of a therapeutic formulary which was collected as part of an

antimicrobialstewardship activities lisd either present or absent in a LTCF.

4.4.4 Data analysis

¢KS 2dzi02YS @GFINARIOofS WEYGAYAONRBOAL

categories. The most commonly used nominal choice modelling is a
multinomial logit. However, as our data was hierarchical in structure
(individual residents nested within LTCF) a multilevel multinomial logit
modelling was applied. The primary interest wascompare variation in
first-line vs. secondine antimicrobial use in LTCF which requires the
creation of two contrasts: first versus secaolige antimicrobials (k=1) and
first-line versus no antimicrobial (k=2), with fulgte antimicrobials the

reference category (see equation below).

Contrast1=01 ¢-Q T * ®¢ HiQO&EAD DO "Qa QO i céqudtuh & i
Contrast2 =0 ¢Q [ p Q¢ B € ¢ 0 QA Q0 I--&-&-Qépguation 2

Where, 1= firsfine antimcrobials, 2= seconline antimicrobials, 3= no
antimicrobial,] * "Q intercept for firstline versus secontine,; pQ
intercept for firstline versus no antimicrobials, i = each category 2 and 3 and
j=individual residents. The intercept represents th€CF element of the

equation.

A forward stepwise selection process was used to build the model, by
introducing resident (individual level) variables followed by LTCF level
variables. The selection of facility level variables was based on their relative
contribution in the antimicrobial prescribing model conducted previously
(254) We used a p value of < 0.25 as thdhvalue for variable retention

in the model(228) Parameters for both fixed effects and random effects

(measure of variations) are presented as estimates with standard error and
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p-value. A pvalue of <0.05 was considered statistically significant. The
predicted probabilities ofthe events of interest (e.g. being prescribed

secondline antimicrobials compared to firdine was calculated 4269);
00 Q¢ ¢ QHND W& QD1 & QHE+— - equation 3

Where, Pr = predicted probabilitigs,” "Qintercept for firstline versus
secondline,] p'Q intercept for firstline versus no antimiobials. Odds
ratios were calculated and presented with their 95% confidence interval.
Bayesian Markov Chain Monte Carlo (MCMC) estimation method with
burn-in length 500 and monitoring chain length 5000 was used to develop

a multilevel multinomial model iMLwiN (version 3.01).

45 Results

Of 224 longterm care facilities that participated in the survey in May 2016

in Ireland, 93 provided additional information when contacted in January
2017. After matching, 77 LTCF were included in the multilevel multinomial
logit model; three were excluded because of missing values, two reported
only two residents each and 11 LTCF showed a large discrepancy (>75%) with
the number of residents reported in January 2017 when compared to the
residents reported in May 2016 survewn the included 77 LTCF, 3,677
residents were recorded, of whom 381(10.4%) were prescribed
antimicrobials and of those, 46.5% were categorised as selioadnot

shown in table).

Overall, 5.6% of residents were prescribed finsé and 4.8% secoHthe

antimicrobials. The median age of the residents on firs¢ antimicrobial

was 83 and seconline was 81 years and the majority were female (Table

4.1). Nearly half of the residents were accommodated in a general nursing

home. In LTCF12.3%residents on ifst-line and 14.7%on secondline

antimicrobialshad a uinary catheter. Of the 77 LTCkore than half
NBLI2ZNIGSR GKIFIG NBAARSYG YSRAOFE OFNB ¢l a

general practitioner, 18 had a therapeutic formulary comprising a list of
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antimicrobials available in the LTCF and six facilities provided prescriber

education/training on antimicrobial prescribing (Table 4.1).

Table 4.1 Descriptivecharacteristics of resident$N=3677)and LTCF (N=71By

antimicrobial use

Firstline Second No

line antimicrobials
n 204 177 3,296
% 5.6 4.8 89.6
Resident level PredictorsN=3677)
Age (median(IQR)) 83 (15.0) 81 (14.0) 82(16.5)
Sex (n, %)
Male 65 (31.9) 85 (48.0) 1,323 (40.1)
Female 139 92(52.0) 1,973(59.9)

(68.1)
Urinary catheter (n, %)
Yes 25(12.3) 26(14.7) 222(6.7)
No 179(87.7) 151(85.3) 3,074(93.3)
Residents by LTCF types (n, %)
Nursing homes 99(48.5) 96(54.2) 1,522(46.2)
Others 105(51.5) 81(45.8) 1,774(53.8)
Categories of Infectins(n, %)
Urinary tract infections 130 62 (35.0)
(63.7)
Respiratory tract infections 26 (12.8) 86(48.6)
Skin or wound infections 41 (20.1) 18(10.2)
other infections* 7 (3.4) 11(6.2)
LTCF level predictors (N=77) Frequenc Percentag
y e

LTCRypes
Nursing homes 38 49.4
Others 39 50.6
Medical care provided
By personal GP 39 50.6
Medical staffs 38 49.4
Training of prescribers on antimicrobia
use
Yes 6 7.8
No 71 92.2
Therapeutic formulary available (n, %)
Yes 18 234
No 59 76.6

GP, general practitioner*Systemic infections, gastrointestinal infection, surgical site
infections, anckar, nose, and mouth infection®yumber of LTCF and their percentages.
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The caterpillar plot based on the random model shovsetbstantial inter
facility variation in first and secodthe antimicrobials [empty model 0.7 (SE
0.3), p= 0.02 and final model 0.6 (SE 0.3), p= 0.03] and iirfesand no
antimicrobials use [empty model 0.9 (SE 0.3), p= 0.01 and final model 1.0 (SE
0.3), p= 0.00] (Figure 4.1 & Table 4.2). Converting the probabilities to odds
ratios, the figure shows that the median odds ratio (MOR) for sedioed
versusfirstt AyS R2dzo0f SR AT |y AYF3IAYSR WYSRAL Y
the highest to the lowest pieribing LTCF (mOR= 2.0, Crl=2.9) (Table

4.2). A moderate positive correlation was observed between LTCF level
variance and ceoariance estimates (final model 0.6) indicating that LTCF
with more residents on seconrlthe antimicrobials also had moresidents

not prescribed any antimicrobials (Table 4.2).

Male residents were less often prescribed filisie antimicrobials (OR=0.6,
95% CI=@- 0.9, p=0.02). LTG¥oviding education/training to prescribers
on antimicrobials were significantly less likeo prescribe secontine
compared to firstline antimicrobials (OR= 0.2, 95% CI=-017, p=0.02).
When comparing firstine with no antimicrobial prescribed, female
residents and residents with a urinary catheter were more likely to receive

a firstline antimicrobial (Table 4.2).
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Table 4.2 Randomintercept multilevel multinomial logit model for antimicrobial prescribing

Firstline vs. Secondine (K=1) Frst-line vs. No antimicrobialK=2)
Estimat SE OR (95% CI) P- Estimat SE OR (95% CI) P-

e value e value
Fixed part
Intercep(] o, 1)- Empty model -0.1 0.2 0.9 (0.6-1.4) 0.38 3.0 0.2 20.2(14.528.0) <0.001*
Intercep(i o,i 1)-Final Model) 0.7 0.4 2.1(0.9-4.6) 0.06 3.8 0.4  42.7 (20.4 89.7) <0.001*
Resident level predictors
Age -0.01 0.01 0.9(0.9-1.00) 0.08 -0.01 0.01 1.0 (0.9-1.0) 0.07
Sex (ref. male) -0.6 0.2 0.6 (0.4-0.9) 0.02* -0.4 0.2 0.7 (0.5 0.9) 0.02*
Urinary catheter 0.1 0.3 1.10(0.582.07) 0.45 -0.7 0.2 0.52 (0.3-0.8) 0.02*
LTCHevel predictors
Medical care provided by GP (ref -0.4 0.4 0.7 (0.3-1.5) 0.16 -0.4 0.4 0.69 (0.3 1.4) 0.15
medical staff)
Training of prescribers on -1.5 0.6 0.2 (0.12-0.7) 0.02* -0.4 0.5 0.69 (0.3-1.9) 0.22
antimicrobial use
Therapeutic formulary available -0.3 0.3 0.7 (0.4-1.2) 0.10 0.3 0.2 1.3(0.9-1.9) 0.09
Nursing homes 0.1 0.3 1.1 (0.6-2.1) 0.36 -0.3 0.3 0.77 (0.4-1.5) 0.20
Random part
+ I N 2y) 6Bnpty model 0.7 0.3 2.01(1.23.3) 0.02* 0.9 0.3 2.52 (1.44.5) 0.01*
+ I NR [2y)OFnal Model 0.6 03 1.8(.03-3.01) 0.03* 1.0 0.3 2.67 (1.45.0) <0.001*
Co@ | N&R I uy) EEnpty Model 0.4 0.2 1.4 (0.9-2.3) 0.07
Co@ I NJR | uy) OFthal Model 0.3 0.3 1.4 (0.8-2.2) 0.11
/ 2 NNB f uk2)d Biripty Maiel 0.4
/ 2 NNB f Jk2)d Rinalylodé 0.6
Median OR (95% CH)inal Model 2.0(1.52.9) 2.5(2.0-3.5)
Bayesian DICEmpty Model 2831.9
Bayesian DICFinal Model 2814.1

i o, intercept for firstline vs secondine;i 1, intercept for firsline vs no antimicrobials; Crl, credibiiityerval; DIC, deviance information criteria; SE, standard

error.*Significant at P value <.05, k = 1 refers to contrast 1 {fivetvs secontine) and k = 2 refers to contrast 2 (filiste vs no antimicrobials).
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4.6 Discussion

Nearly half of antimicrolals prescribed in Irish LTCF in May 2016 were
secondline agents, based on national prescribing guidelines which do not
recommend broaespectrum, secondine antimicrobials, unless firdine
antimicrobials are ineffectivél34, 242) This study showed sign#ict inter-
facility variation in first and secodthe antimicrobial prescribing. The use of
secondline antimicrobial agent may be driven by resistance patterns which
can show significant geographical variati@y0, 271) Compared to first

line, the probability of secontine antimicrobials being prescribed was
nearly double in LTCF with higher prescribing compared to lower prescribing.
A study from Piccirillo in the United States comparing patients treated with
first or secondine antimicrobials showed no differences in clinical
outcomes, but a significant increase in cost of care was associated with

higher secondine antimicrobial us€272)

t NSAONRAOSNEQ GNIAYAYy3d 2y | YUGAYAONROALFE |
202SO00APSa 2F GKS 22NIR | SFHfUWWKRhNBFYAaL [
and shown to be important when provideas part of an antimicrobial

stewardship intervention(273, 274) In this study, irrespective of any

interventionsin the LTCFa significant associatiowas observedetween

LTCF reporting the provisi of training on antimicrobial prescribing and a

preference for firstine prescribingSecondine antimicrobials were more

often prescribed in the LTCF without antimicrolgegscribingraining. Lack

of training and limited knowledge on prescribing amychealthcare workers

is an important factor in antimicrobial misug275) Various intervention

studies have shown to improve prescribing through staff competency and

educational programmes, as part of antimicrobial stewardship programmes

(163, 276) In LTCF in particular, examples from Ontario, Canada and
hospitatbased nursing homes in Chicago, lllinois demonstrated increased

adherence to prescribing guidedés and reduced antimicrobial prescribing

after an educational interventio(277)
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Our study again highlights the high level of prescribing of both first and
secondline antimicrobials for residents with urinary catheters. In general,
urinary catheter use is not a sufficient indicatiofor antimicrobial
prescribing, as asymptomatic bacteriuria is almost universal in catheterised
patients (134) Any stewardship or educational programme to improve the
use of antimicrobials especially in the LTCF setting shotddhghasise this

as a part of the training.

While the power of this analysis was increased through the later aadditio

data collection, a selection bias may have been introduced. However, we

have shown previously that no differences could be observed between the

LTCF that did and did not provide the additional informati2b4)

Additionally, the survey on healthcare associated infection and antimicrobial

use in longerm care facilities (HALT) did not aim to determine the

appropriakeness of antimicrobial prescribing for an individual resident, nor

G2 O2NNBfI 4GS SIOK NBAARSyldQa FyiAYAONROA
microbiology results where available and the systemic antimicrobial

prescribed at the time of the PPS.

The highe use of second-line antimicrobias in some LTCF may be dige
knowledge of prescribermsn the localantimicrobial resistace patternsfor a
particular geographicegion. This study did not address the association of
secondline antimicrobials use and ggmphic distribution of antimicrobial

resistarce, whichisanimportant limitation.

4.7 Conclusion

Significant variation between Irish LTCF in first and sefinadantimicrobial

prescribing was observed. Prescriber training on appropriate antimicrobial

use as well as evidence to reduce antimicrobial prescribing for catheterised

residents were identified as key messages for antimicrobial stewardship
LINEANI YYSad ¢KAa OFy fAYAG dzyySOSaal N

outcomes and reduce antimicrobial resisce.
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5.1 Highlights

9 FluoroquinolonegFQs) are resenantimicrobialswhen no alternative
treatment is available.

1 FQs are often prescribed as a filisie treatment for less severe
infections in primary care.

1 FQs are associated with three-times higher occurrence ofeatral
nervous systenCNS) and gastrointestinal (Glelated AEs than any
other antimicrobial.

I Total adverse events (AEsE similar for FQs and other antimicrobial
more total AEs and @elated AEs were observed for co-
amoxiclawxcompared with FQs.

1 No differencewas identified for skinrelated or overall risk of AE¢
compared to any other antimicrobial.

1 This information on AEs suppsrtthe choice of appropriate
antimicrobial prescribingEvery consultation should include discussi
on the harms and benefit of prescribed antimicrobial for patient

safety.

Keywords: Fluoroquinolones, Adverse events, Antimicrobials, Systematic review,

Primary care

SYSTEMATIC REVIEW REGISTRATION
PROSPERO registratirmmber CRD42016035358
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5.2  Abstract

Background:Fluoroquinolones (FQs) are secdire antimicrobial agents.

Once the decision to prescribe an antimicrobial is made, the choice of
antimicrobial should be based on both the benefits and adverse effects. This
systematic review quantifies the occurrence of common adverse events
(AESs) related to FQs in relation to any other antimicrobial for any indication

in primary care.

Methods: We searched randomized controlled trials from Embase, PubMed,

Cochrane Central Retgs of Controlled Trials and CINHAL. FQs had to be

administered orally, for any indication, to adults and in primary care. Data

$SNB SEUGNI OGSR AYRSLISYyRSyidGte Ay adlyRI NF
estimates of the intervention effects for AEs were detared by the Peto

odds ratios (ORs) and 95% confidence intervals (Cls) in Revman.

Results:In the 39 studies selected, the most commonly reported AEs were
nausea, vomiting, diarrhoea, headache, dizziness, and rash. Aamalgsis

of 28 studies reporting AEshowed central nervous system (Ch&ated
AEs (OR 1.40 (141275)P= 0.003, heterogeneity g = 0%) and
gastrointestinal (Gijelated AEs (OR 1.20 (1-066)P= 0.005, 3= 80%)
were significantly associated with FQs compared with other antimialebi
Compared with FQs, eamoxiclav showed significantly more total AEs (OR
0.70 (0.540.90)P= 0.006, 3= 78%) and @klated AEs (OR 0.69 (0:52
0.91)P=0.008,3= 94%). Withdrawal or discontinuation due to dmsjated

AEs was higher for FQs (OR91(1.001.42)P= 0.05, 1= 5%). Sensitivity

analyses did not change these results.

Conclusion: FQs are associated with more CN&hd Glrelated AEs
compared with other types of antimicrobial. This information is relevant to

support decision making in liaion to antimicrobial prescribing.
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5.3 Introduction

Fluoroquinolones (FQs) are breapectrum antimicrobial agents that are
highly effective for the treatment of a variety of infections however, their
use as a firsline treatment is limited at least ingst due to antimicrobial
resistancg278) FQs are recommended as secdimé treatment for urinary

tract infections (UTIS) or respiratory tract infections (RTIs) in general practice
(134, 279281) FQ are associated with common AEs impacting the
gadrointestinal ((Gl) tract, such as nausea, vomiting, diarrhoea and
abdominal pain and central nervous system (CNS) (headache, dizziness)

(282:284).

Both prescriber and patient have to balance the expected benefits the
potential harms when choosing appropriate antimicrobials. However, the
risk of AEs from antimicrobials are ofterdéifined and reported265, 285)

In clinical practice the decision to prescribe an antimicrobial agent usually
precedes the choice of a specific antimicrol286) The choice ofhe
antimicrobial is therefore made relative to other antimicrobials, not against

Wy 2 YUGAYAONROALFE QY ADdSd LI | OSo2d

This systematic review and metenalysis assesses the risk of common AEs
related to FQsised in primary care ancbmparetheir occurrencewith that

for other antimicrobials drug classes.

5.4 Methods

5.4.1 Design and registration

This systematic review with metnalysis was registered with the
international prospective register for systematic reviews (PROSPERO), the
registration number is CRD420160383387)

5.4.2 Data sources and searclrategy

A systematic search of the literature was performed adopting Cochrane
handbook methodology288) We limited our search to PubMed, EMBASE
Cochrane CentiadRegister of Controlled trials (CENTRAL), and CINAHL from
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February 15th to March 5th, 2016. The search terms included were
fluoroquinolones, quinolone, ciprofloxacin, cipro, norfloxacin, lexinor,
noroxin, quinabic, janacin, ofloxacin, floxin, oxaldin,ivia levofloxacin,
leflox, cravait, Levaquin, tavaric, gemifloxacin, moxifloxacin, acflox
woodward, avelox, vigamox, randomized trial, randomized controlled trial,
RCT, primary health care, primary care, general practice, general
practitioners. Controlledocabulary terms (MeSH term and Emtree entries)
along with appropriate Boolean Operators (OR, AND, NOT) were combined
to make a search strategy. A citation search was performed to identify

additional relevant literature.

5.4.3 Study selection

This review fobwed the Preferred Reporting Items for Systematic Review
and Metaanalysis (PRISMA) guidelingd®94) Two authors (MT and AV)
independently searched relevant literature (studies) using the above
mentioned search terms, exported to EndNoteX7 and assessed title and
abstract for eligibility. Theselected studies were transferred and assessed

in Covidence for fullexts eligibility for final inclusio(289)

5.4.4 Inclusion criteria

A stud/ was considered eligible if it was a randomised controlled trial (RCT)
conducted in primary care or general practice and administered any FQ
orally to adults. Any AE$I, CNS or skin related (see section: outcome
analysed) were included. No restrictidog publication date of the literature

were applied.

5.4.5 Exclusion criteria

Studies excluded were: neamandomised studies, posgharketing
surveillance studies, experimental trials and trials focusing on
pharmacokinetics or pharmacodynamics, studies with expenital groups
using antimicrobials other than FQs, FQs used for the treatment of
tuberculosis, HIV, liver transplant and cystic fibrosis patients, FQs

administered parenterally, studies conducted in hospitals, tertiary care, and
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nursing homes, in animals drstudies published in languages other than

English.
5.4.6 Assessment of risk of bias

Risk of bias was assessed independently by two authors. The risk of bias

assessment includes: sequence generation, allocation concealment, blinding

of the participants, incomlete outcome data and selective outcome

reporting. Bias judgment (high risk, low risk, unclear risk) was done

F OO2NRAY3I G2 [/ 20KNIyYyS O2tftl 02N GA2yQa (2
(290)

5.4.7 Outcomes analysed

The main outcome analysed was total AGkrelated, CNSelated and skin
related AEs related to FQ ysmmparedto AEs observed with other classes

of antimicrobals. Included in Gl were diarrhoea, nausea, vomiting,
dyspepsia, abdominal pain, gastritis, loss of appetite, loose stools, heavy
stomach and flatulence. CNS related AEs included dizziness, insomnia,
headache, drowsiness, and influence on sleep, tremaakisty/trembling,
muzzy head and asthenia. Skelated AEs included rashes, blisters,
pruritus, vaginal/vulval itching, allergy and photosensitivity. Withdrawal or
discontinuation due to drugelated AEs was recorded as secondary

outcome.

5.4.8 Data Extraction

Data was extracted independently in Covidence by MT and AV. A slight
modification in the two standard forms (data extraction and quality

assessment) available in Covidence was made after the first 10 papers to
accommodate improved reporting of the outcomeof interest. The

following data was extracted from each study: detailed information about

0KS aildRe o6aSGiAy3axr O2dzyGNBZXI I dziK2NRQ
groups); characteristics of the study population (sample, indication, duration

of the study, ge, sex); characteristics of the intervention and comparison

groups (sample, dose, duration); outcomes (common AESs); and risk of bias.
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5.4.9 Data analysis and statistical methods

Pooled estimates of the intervention effects for AEs were determined by
Peto oddsratios (ORs) and 95% confidence intervals (CIs). For binary
outcomes of rare events, the Peto odds ratio is the relative effect estimators
of choice as it does not encounter computational problems due to zero
counts in one or more cel{299, 200) Statistical heterogeneity was assessed
using the Chsquare test for heterogeneity and thesdtatistic for measuring
inconsistency (larger value dfihdicating increasing heterogeneity). When
the heterogeneity was ab@ 25% for the primary outcome, subgroup
analyses were performed by FQ agent (ciprofloxacin, moxifloxacin) including
sensitivity analyses. Publication bias was assessed by examining the funnel
plots. All the metaanalyses and risk of bias analyses werdqrared using
Review Manager (Revman) V5.3 (Cochrane Collaboration, Oxford, United
Kingdom). The descriptive statistics were calculated in Microsoft Excel 2010

(Microsoft Corporation, Redmond, WA, USA).

5.5 Results
5.5.1 Randomized controlled trial selection

A total of 233 studies were selected out of 342 extracted studies (after
removal of 109 duplicates) from five databases. Of the 223 selected studies,
165 were classified as ineligible during title and abstract screening resulting
in 68 studies. A further 29 stugl were identified through citation searches
yielding 97 studies for futext review. Of these, 59 were excluded because
they were not a RCT (29), not performed in primary care (18), not in English
(3), the administration of FQ was not oral (5) or it wasmbined with
another treatment (1) or the intervention was behavioural (1) or
prophylactic (1), comparison group was usual care (1) (FigurERLEMA).
Therefore, 38 studie$291-328) were included forprovidinga descriptive
overview and 30 studieq291-293, 295302, 305307, 309316, 318320,
322-324, 327, 328jor meta-analysis. In the metanalysis secific to AEs, 28

of the 30 studies were includg@91-293, 295301, 305307, 309314, 316,
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318, 320, 32824, 327, 328)Nine studie$294, 302304,308, 317, 321, 325,
326) were excluded from this AEs meamalysis because the study
compared types of FQs (5) or dose/duration (4) and 2 sty@ies, 319id
not report specific AEs in quantifiable form evemtighthe occurrence of

AEs was recorded.

Record identified through database A heates
searches > N=109
N=342 =
Y
Title and abstract screening .| Excluded
N=233 i N=165
Y
Studies identified from citation .
Full-text screening
searches s
N=29 e
Total excluded N=59
NOT RCT:29
v NOT in primary care; 18
Full-texts included NOT oral administration:5
N N=97 »INOT in English :3
& Prophylaxis intervention ; 1
Behavioural intervention ;1
Combined therapy ;1
—Y _ Comparison "usual care" :1
Studies included in
descriptive overview
N=38
Y
Studies included in meta-analysis
N=30

Figure 51 PRISMAselection ofstudies forinclusion in neta-analysis
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5.5.2 Characteristics of included studies

A total of 17,735 patients participated in 38 trials published from418¥

2010. The duration of the study periods ranged from 4 to 25 months (not
shown in table). All trials selected for mesaalysis reported AEs, but 2
studies(315,319RA Ry Qi NB L2 NI ydzYoSNI 2F | 94&

The FQs assessed as treatment were: ciprofloxacin (9 studies), moxifloxacin
(8 studies), norfloxacin (5 studies), ofloxacin (3 studies), levofloxacin (2
studies), enoxacin (1 study@xolinic acid (1 study) anaalidixic acid

W &ctram (1 study). The congrison groups were: eamoxiclav (6 studies),
trimethoprim/sulfamethoxazole (6 studies), clarithromycin (4 studies),
cefuroxime axetil (3 studies), fosfomycin (3 studies), placebo (2 studies),
azithromycin (2 studies) and one study each for, ampicilliptheomycin,

and doxycycline (Table 5.1). For the purpose of the analysis, trimethoprim
was included in the subgroup trimethoprim/sulfamethoxaz(87)and the

two comparisons dfloxacin with cotrimoxazole and withtrimethoprim)

were included separatel{823)
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of RCTs
Table 5.1 Characteristics of studiesicluded formeta-analysis {reatment vs comparisongroups).
Study ID Total Mean Indicatio  Study Quinolones ( treatment groups) Others ( comparison groups)
Sample age n duration 5 Dalv D r
(N) (yrs) rugs aily bose Duration # Druas Dose Duration AE
of Rx AEs 9 of Rx S
Abbas 1989 189 42 UTI NR Cipro 250 mg every 12 hours 5 days 2 Amoxi/Cl  250/150 mg 5 days 4
av every 8hours
Adelglass 216 NR Sinusitis  NR Levo 500 mg o.d l4days 13 Clarithro 500 mg b.d 14 days 13
1998
Adelglass 615 39 Sinusitis  NR Levo Normal 500 mg o.d 10to14 6 Amoxi/Cl  500/125 mg 10-14 7
1999 creatinine clearance 50ml/min days av every 8 hours days
-500 mg every 48 hrs
Anzueto 743 62 AECB NR Cipro 750 mg b.d 10days 8 Clarithro 500 mg b.d 10days 9
1997
Anzueto 2180 62 Severe 12 months  Cipro 750 mg b.d 10days 11 Clarithro 500 mg b.d 10days 11
1998 AECB
Bailey 1987 55 NR Cystitis NR Enox 400 mg single dose 1 day 5 Trim 600 mg single 1 day 4
dose
Bantz 1987 108 NR LRTI 4 months Cipro 250 mg every 12 hrs & o.d 41012 2 Doxy 100 mg every 12 5-12 2
subsequently days hrs & o.d days
subsequently
Bleidorn 80 NR UTI 10months Cipro + 250 mg b.d 3 days 26 Ibuprofe 400 mg three 3 days 32
2010 P n+P times a day
Boerema 158 30 uTI NR Nor+ P 400 mg b.d 7 days 2 Fosfo+ P 3 g single dose 1 day 7
1990
Burke 1999 457 40 Maxillary  NR Moxi + 400 mg b.d 10days 11 Cefuro 250 mg b.d 10days 11
sinusitis P Axetil
Chodosh 926 55 ABECB 18 months  Moxi+ 400 mg o.d 10days 11 Clarithro 500 mg b.d 10days 11
2000 P
Deabate 464 NR AECB 7 months Moxi +  400mg o.d 5 days 11 Azithro + 500 mg loading 5 days 7
2000 P P 1day dose and 250 mg
o.d
Goldstein 45 48 uTI NR Nor 400 mg b.d. 7 to 10 4 TMP/SM  160/800mgb.d  7-10 3
1985 days X days
Guyer 1974 60 NR UTI NR Oxolin 750 mg b.d. l4days 2 AMP 500 mg 3timesa 14days O
day
Hoeffken 675 NR CAP NR Moxi 400 mg o.d 10days 12 Chrithro 500 mg o.d 10days 10
2001
Hooton 150 NR UTI NR Oflo 200 mg o.d 3 days 3 TMP/SM  160/800 mg b.d 7 days 4
1991 X
Hooton 370 NR UTI NR Cipro 250 mg b.d. 3 days 6 Amoxi/Cl 500/125mg b.d 3 days 6
2005 av
Kreis 2000 401 NR AECB 9 months Moxi 400 mg od 5days 5 Azithro 500 mg loading & 5 days 5
250 mg o.d
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of RCTs
Study ID Total Mean Indicatio  Study Quinolones ( treatment groups) Others ( comparison groups)
Sample age n duration -
(N) (yrs) 2T REZREEG Duration # Duration #
of Rx AEs Drugs Dose of Rx ?E
McCarty 688 NR UTI NR Cipro 100 mg b.d. 3 days 11 TMP/SM  160/800 mg b.d 3 days 9
1999 X
Nielsen 119 NR CAP NR Oflo 400 mg o.d NR 5 Erythro 500 mg b.d NR 5
1993
Paparo 100 30 UTI NR Cipro 250 mg every 12 hours 5 days NR Amoxi/Cl 500 mg every 8 7 days NR
19942 av hours
Rakkar 471 NR Maxillary  NR Moxi 400 mg o.d 10 days 15 Amoxi/Cl 875 mg b.d 10days 15
2001 Sinusitis av
Reynaert 32 46 uTI NR Nor 400 mg b.d. 3days 1 Fosfo 3g singt dose 1 day 1
1990 trometa
mol
Sethi 2010 1404 NR COPD NR Moxi 400 mg o.d, Repeatevery8 5days X 7 P N/A N/A 8
weeks for 6 course 6 course
Siegert 493 NR Bacterial NR Moxi + 400 mg o.d 7 days 5 Cefuro 250 mg b.d 10days 5
2000 Sinusitis P Axetil
Selvaggi 83 NR uTI NR Nor 800 mg single dose 1 day NR Fosfo 3g single dose 1 day NR
1990 trometa
mol
Spencer 1069 48 uTI NR Oflo 200 mg o.d 5 days 13 TMP/SM  160/800 mg b.d 5 days 13
1992 X
Stein 1987 209 NR uTI NR Nor 400 mg b.d. 3 days 13 TMP/SM  160/800 mg b.d 10days 13
X
Weis 1998 1414 44 Rhinosinu 4 months Cipro 500 mg b.d. 10days 8 Cefuro 250 mg b.d 10days 8
sitis Axetil
Winwick 58 42 UTI NR Mictral  One sachet 3 days 2 AMP 500 mg three 7 days 2
1981 /Nalidi times a day

xic acid
@ No of AE not reported, o=dOnce Daily, b.d. = Twice Daily, NR = Not Reported, P= Placebo, Levo= Levofloxacin, Cipro= Ciprofloxacin, Moxir Efaxiftoxaocixacin, Nor = Norfloxacin,
OXolin = Oxolinic Acid, Oflo = Ofloxacin, Clarithro= Clarithromycin, Amoxi/Clav = Am@taiaiinic Acid, Azithro= Azithromycin, Doxy= Doxycycline, Cefuro Axetil = Cefuroxime Axetil,
TMP/SMX = Trimethoprim/sulfamethoxazole, Trim= Trimethoprim, Fosfo= Fosfomycin, AMP= Ampicillin, Erythro= ErythromydimariTlract Infection, CAP= Comnyrcquired
Pneumonia, LRTI= Lower Respiratory Tract Infection, COPD = Chronic Obstructive Pulmonary Disease, AECB= Acute Eivernatignmmohitis, ABECB = Acute Bacterial Exacerbations
of Complicated Chronic Bronchitis
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Reported common AEs

Nauwsea (25 studies), diarrhoea (22 studies), headache (17 studies), vomiting
(13) and dizziness (13 studies) were the most commonly reported AEs
(Figure 5.2)Clostridiumdifficile associated diarrhoea was only reported in
one study(320)

W Fully Reported M Partially Reported Not Reported

Tremor seizures

Confusion

C.difficile assoc.diarrhoea

Drowsiness

Itching

W Prurit

ruritus
<

T Insomnia
g

5 Vaginal Itching

% Rashes
1S

g Abdominal Pain

£ Dizziness

g Vomiting
Q

Headache

Diarrhoea

Nausea

0 5 10 15 20 25 30 35 40
Number of included studies

Figure 52 Reporting status of common AEs in the included studies

5.5.3 Meta-analysis of AEs

All but two (315, 319¥ktudies reported the total number of AEs. Comparison
of FQs with other antimicrobials showed no significant difference in the total
number of AEs (Figure 5.3). A separate rratalysis was performed to
compare effect estimates of the @lated, CNSelated and skin related
AEs. The analysis included 20 studies fareated AEs (out of 28 studies
reporting at least one @klated AE), 14 studies for Ci&ated AEs (out of
22 studies reporting at least one Cated AE) and 9 studidsr skin-
related AEs (out of the 14 studies reporting at least one-sieted AE). The
remaining studies (8 each, reporting Gl and @&&ed and 5 skinelated)

were removed from the metanalysis because the FQ comparison was
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against another FQ. Subgroup &ss showed a higher occurrence of total
AEs for FQs compared to cefuroxime axetil (OR 1.31-{161§ p= 0.01,
[°’=61%) and placebo (OR 1.85 (1283) p=0.0042487%) but significantly
lower for caamoxiclav (OR 0.70 (0-£490) p=0.006,%78%)compaed to
FQ(Figure 5.3).
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Fas Others Peto Odds Ratio Peto Odds Ratio
Study or Subgroup  Ewvents Total Events Total Weight Peto, Fixed, 95% CI Peto, Fixed, 95% CI
1.1.1 FQs vs Macrolides
Adelglass 1998 15 107 25 108 21% 0.55[0.28,1.09] T
Anzueto 1997 118 369 103 374 9.8% 1.24[0.90, 1.69] ™
Anzueto 1998 134 1083 112 1087 13.8% 1.24[0.95,1.62] ™
Deabate 2000 61 283 49 284 56% 1.32[0.87,1.99] T
Hoeffken 2001 84 224 81 222 BA% 1.04[0.71,1.53] -
Kreig 2000 25 N 18 198  2.4% 1.42[0.75, 2.66] T
Mielsen 1993 273 10 58 07% 0.18[0.05, 0.58] —_—
Subtotal (95% Cl) 2340 2341 #M1% 1.14[0.98, 1.33] »
Total events 434 3498
Heterogeneity: Chi*=15.51, df=6 (P =0.02); F=61%
Testfor overall effect Z=165 (F=0.10)
1.1.2 FQs vs Cefuroxime Axetil
Burke 1993 96 263 0274 T3% 1.67[1.16,2.41] -
Siegert 2000 T4 142 56 251 B.1% 1.53[1.02,2.28] —
WWeis 1998 B0 TN 81 700 9.0% 0.97 [0.70,1.39] -
Subtotal (95% Cl) 1216 1225 224% 1.31[1.06, 1.61] L3
Total events 250 207
Heterogeneity: Chi®= 550, df= 2 (P = 0.06); F= 64%
Test for overall effect £= 253 (P =0.01)
1.1.3 FQs vs TMP_SMX
Bailey 1887 4 29 3 26 04% 1.22[0.25,5.89] I
Goldstein 1985 6 23 g 22 05% 1.19[0.31, 4.58] . h—
Hooton 1991 16 48 19 47 1.4% 0.72[0.31,1.64] I
McCarty 1999 898 I3 103 228 7.I1% 0.88 [0.62, 1.29] -
Spencer 1992 43 539 1 157 33% 0.97 [0.56, 1.68] i
Stein 1987 19 109 20 100 2.0% 0.84[0.42,1.69] -1
Subtotal (95% Cl) 980 680 14.8% 0.90 [0.70, 1.17] L
Total events 186 171
Heterogeneity: Chi*= 072, df=5{P=088), F=0%
Testfor overall effect 2= 079 (F=0.43)
1.1.4 FQs vs Co-amoxiclav
Abhas 1989 2 102 4 87 04% 0.43[0.08, 217 I —
Adelglass 1999 22 297 64 302 47% 0.33[0.21,052] —
Guyer 1974 230 0 30 01% 7.65[047,12527) >
Hooton 2005 31 162 43 160  36% 0.65[0.39, 1.09] B
Rakkar 2001 71234 B0 237 B.0% 1.28[0.86,1.92] ™
Subtotal (95% CI) 825 816 14.8% 0.70 [0.54, 0.90] L 2
Total events 128 171
Heterageneity: Chi*= 22.69, df= 4 (P =0.0001); F= 82%
Test for averall effect: £= 2.77 (P = 0.00&)
1.1.5 FQs vs Fosfomycin
Boeremna 1990 2 a0 1m 61 07% 0.28[0.08, 0.93]
Reynaert 1340 1 16 1 16 01%  1.00[0.06,16.74]
Subtotal (95% Cl) 66 77 0.8% 0.34 [0.11, 1.02] —a
Total events 3 11
Heterogeneity: Chi®= 0.66, df=1 (P =041}, F=0%
Testfor overall effect: 2= 1.92 (P = 0.08)
1.1.6 FQ vs Doxycycline
Bantz 1987 755 1 54 0.2%  1.94[0.20,19.01] e e —
Subtotal (95% CI) 55 54 0.2% 1.94[0.20, 19.01] —e B —
Total events 2 1
Heterogeneity: Mot applicable
Testfar overall effect: 2= 0.57 (P=0.457)
1.1.8 FQs vs Ampicillin
Winwick 1981 6 30 6 28 0B% 0.92[0.26, 3.24] I E—
Subtotal (95% CI) 30 28 0.6% 0.92 [0.26, 3.24] R
Total events G G
Heterogeneity: Mot applicahle
Test for overall effect 2= 013 (P =0.89)
1.1.9 FQs vs Placebo
Bleidorn 2010 26 39 3240 1.0% 0.51[0.19,1.37] —
Sethi 2010 53 569 22 580 4.4% 2.471.55, 3.94] _—
Subtotal (95% Cl) 608 620 54% 1.85[1.21, 2.83] <P
Total events T8 a4
Heterageneity: Chi*= 7.96, df=1 (P = 0.005); F=87%
Testfor overall effect: 2= 2.86 (P = 0.004)
Total (95% Cl) 6120 5841 100.0% 1.07 [0.97, 1.18] '
Total events 1093 1014
Chif= = < Rz I } } |
- ) ) More AEs in Others  More AES in FQs

Test for subaroup differences: Chi*= 27.65, df=7 (P =0.0003), F=74.7%

Figure 53 Meta-analysis @ total AEs
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The risk of Gielated AEs (OR 1.20 (1:0636) p=0.005,%80%) was
significantly higher among FQs users compared to other antimicrobials and
specificdly when compared to macrolides (OR 1.39 (1-140) p= 0.001,
1°’=71%) and cefuroxime axetil (OR 1.45 (41186), p= 0.0032+72%) (Figure
5.4). Glrelated AEs were significantly lower for FQ when compared to co

amoxiclav (OR 0.69(0.5291) p=0.0082+94%).

FQs Others Peto Odds Ratio Peto Odds Ratio
Study or Subgroup  Events Total Events Total Weight Peto, Fixed, 95% CI Peto, Fixed, 95% CI
2.1.1 FQs vs Macrolides
Adelglass 1998 10 108 13 108 21% 0.75[0.32,1.77] I
Anzueto 1997 37 369 21 374 55% 1.84[1.08, 3.14] —
Anzueto 1998 109 1083 731097 171% 1.86[1.18, 2.11] -
Deabate 2000 33 283 35 284 B1% 0.94 [0.57, 1.56] —r
Hoeffken 2001 46 224 28 222 B.3% 1.77[1.08, 2.91] —
Kreis 2000 14201 6 198  1.9% 2.28(0.93, 5.60] 7
Mielsen 1993 1 73 ] 58 089% 0.14[0.04, 0.50] —
Subtotal (95% CI) 2311 2341 40.0% 1.39[1.14, 1.70] L J
Total events 2450 185

Heterageneity: Chi*= 20.36, df= 6 (P= 0.002), F=T71%
Test for overall effect: £= 3.29 (P = 0.001)

2.1.2 FQs vs Cefuroxime Axetil

Burke 19949 B0 263 34 274 T.A9% 2.058[1.32, 3.20 -
Siegert 2000 50 242 31 281 BA% 1.83[1.14,2.84] -
WWeis 1998 B3 711 62 700 11.7% 1.00[0.69,1.44] .
Subtotal (95% CI) 1216 1225 26.5% 1.45[1.14, 1.85] *
Total events 173 127

Heterogeneity: Chi®==7.19,df=2 (P=0.03), F=72%
Test for overall effect. Z=3.01 (P = 0.003)

2.1.3FQs vs TMP_SMX

Goldstein 1985 223 222 04% 0.95[0.13,7.27] —

Hooton 1391 749 3 47 14% 0.71[0.24, 2.06] I —
McCarty 1999 22 I3 25 228 43% 0.86 [0.47,1.56] T

Stein 1987 12 109 5 100 1.6% 2.23[0.83,5.99] T
Subtotal (95% CI) 12 397 T.7% 1.01[0.65, 1.59] <@

Total events 43 41

Heterogeneity: Chi®= 317, df=3{P=0.37); F=5%
Test for overall effect: £= 0.06 {F = 0.95)

2.1.4 FQs vs Co-amoxiclav

Adelglass 1999 13 297 61 302  B.6% 0.23[0.14,0.38] i

Hooton 2005 14 182 21 180 3.2% 0.63[0.31,1.27] T
Rakkar 2001 89 234 73237 10.8% 1.38 [0.94, 2.01] ™
Subtotal (95% CI) 693 699  20.7% 0.69 [0.52, 0.91] L 2
Total events 116 145

Heterageneity: Chi*= 31.99, df= 2 (P = 0.00001}; F= 94%
Test for overall effect: £= 2.64 (P = 0.008)

2.1.6 FQs vs Fosfomycin

Boererna 1990 2 A0 10 81 11% 0.23[0.08,0.83]

Reynaert 1980 1 16 1 16 02% 1.00[0.06,16.74]

Subtotal (95% CI) 66 7 1.3% 0.34[0.11, 1.02] e
Total events 3 11

Heterogeneity: Chi®= 0.66, df=1 {F=0.41); F=0%
Test for overall effect: £=1.92 (P = 0.06)

2.1.7 FQs vs Placebo

Sethi 2010 28 569 10 580 3.8% 272[1.42 5.19] —_—

Subtotal (95% CI) 569 580  3.8% 2.72[1.42,5.18] S

Total events 28 10

Heterogeneity: Mot applicable

Test for overall effect: £=3.03 (P = 0.002)

Total (95% CI) 5297 5319 100.0% 1.20[1.06, 1.36] *

Total events 613 529

Heterogeneity: Chi®= 9511, df=18 (F = 0.00001); F=80% '0.01 Uf1 1'0 100'

Testfor averall effect: 2= 2.81 (P = 0.005)
Testfor subagroup differences: Chi*= 31.75, df= 5 (P < 0.00001), F= 84.3%

More AEs in Others More AES in FQs

Figure 54 Meta-analysis of gstrointestinal (Glrelated AEs
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The risk of CN&lated AEs was significantly higher among FQs users
compared to other comparator antimicrobial (OR 1.40 (11125) p= 0.003,

I°’= 0%) andpecifically when compared to macrolides (OR 1.49 ¢(2.02)
p=0.04,3=0%), cefuroxime axetil (OR 1.77(2312) p=0.05:0%) and co
amoxiclav (OR 1.90(1.4851) p= 0.0440%) (Figure 5.5).

FQs Others Peto Odds Ratio Peto Odds Ratio
Study or Subgroup  Events Total Events Total Weight Peto, Fixed, 95% CI Peto, Fixed, 95% Cl
3.1.1FQs vs Macrolides
Anzueto 1987 14 369 11 374 78% 1,300,549, 2.88] -1
Anzueto 1998 23 1083 20 1087 13.6% 1.17[0.64, 2.14] -
Deabate 2000 15 283 8284 7% 1.89[0.82, 4.35] T
Hoeffken 2001 TN 4222 35% 173[052 572 [ E—
Kreis 2000 7o 2198 28% 3.08[0.82 11.48] T
Subtotal (95% CI) 2160 2175 34.8%  1.49[1.02,2.17] [
Total events i1 45

Heterageneity: Chi*= 226, df= 4 (P = 0.69); F= 0%
Testfor overall effect Z=2.06 (P =0.04)

3.1.2 FQs vs Cefuroxime Axetil

Burke 1939 25 163 15 174 11.9% 1.79[0.94, 3.41] .
Wieis 1998 T 4700 35% 1.71[0.52, 5.58] T
Subtotal (95% CI) 974 974 155%  1.77[1.01,3.12] s 2
Total events 32 14

Heterogeneity: Chi#=0.01, df=1 (P =084); F=0%
Testfor overall effect, Z=1.98 (P = 0.05)

3.1.3FQs vs TMP_SMX

Goldstein 1885 3003 3022 17% 0.95[0.17,5.21] E E—
Hooton 1891 5 4 5 47 29% 0.951(0.26, 3.52] I E—
MeCarty 1999 a4 2 a0 228 260% 1.081(0.70, 1.68] —
Stein 1987 4 109 g 100 28% 0.73(0.19,2.749] —
Subtotal (95% CI) 112 397 334%  1.03[0.70,1.52] L 2

Total events i1 3

Heterogeneity: Chi*=0.34, df= 3 (P = 0.98); F=0%
Testfor overall effect Z=0.16 (P = 0.88)

3.1.4 FQs vs Co-amoxiclav

Haooton 2005 10 162 5 160 46% 1.98[0.70,5.58] I
Rakkar 2001 18 234 10 237 845% 1.86[0.87, 3.99] T
Subtotal (95% CI) 396 397 134%  1.90[1.03,3.51] e 2
Total events 28 14

Heterogeneity: Chi#=0.01, df=1 (P =082, F=0%
Testfar overall effect £=2.056 (F=0.04)

3.1.5FQs vs Placebo

Sethi 2010 i 469 4 880 32% 1.53(0.44, 5.30] I E—
Subtotal (95% CI) 569 580  3.2%  1.53[0.44,5.30] ~i-
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Skinrelated AEs did not differ between FQs and comparator antimicrobials
but the odds of FQ related AEs was significantly lower when compared to
TMP/SMX (OR 0.25 (0-0063) p=0.0032E0%) (Figure 5.6).

FQs Others Peto Odds Ratio Peto Odds Ratio
Study or Subgroup  Events Total Events Total Weight Peto, Fixed, 95% CI Peto, Fixed, 95% Cl
4.1.1 FQs vs Macrolides
Anzueto 1998 24 1083 13 1097 30.7% 1.8510.97, 3.59] |
Mielsen 1993 ] 1 88 08% 0.10[0.00,5.40) +
Subtotal (95% CI) 1156 1155 31.6%  1.72[0.91, 3.26] L
Total events 4 14
Heterogeneity, Chi*=1.99, df=1 (P=0.16), F=50%
Testfor overall effect Z=1.66 (P =0.10)
4,1.2 FQs vs Cefuroxime Axetil
Burka 1984 9 263 8 I74 1348% 1181045, 3.08] I
Subtotal (95% CI) 263 274 13.9%  1.18[0.45, 3.00] i
Total events 4 3
Heterogeneity: Mat applicable
Testfar overall effect Z=033 (F=074)
4.1.3FQs vs TMP_SMX
Hoatan 1991 049 147 08% 013[0.00,6.64] 4
e Carty 1994 3y T8 83% 0441013, 1.84] 1
Stein 1987 0109 oo 8% 0421003, 0.82] I —
Subtotal (95% CI) 387 375 14.9%  0.25[0.10,0.63] -
Total events 3 15
Heterogeneity: Chi*=1.89, df=2 (P=0.39), F= 0%
Test for overall effect 2= 294 (P=0.003)
4.1.4 FQs vs Co-amoxiclav
Hoaoton 2004 0 182 2 180 17% 013[0.01,213 +
Rakkar 2001 17 234 1237 19E% 0.8110.42,1.56] ——
Subtotal (95% CI) 396 397 31.3%  0.73[0.38, 1.39] i
Total events 17 23
Heterogeneity, Chif=1.53, df=1 (P=0.22, F=35%
Testfor overall effect Z= 085 (P=0.34)
4,1.5 FQs vs Placebo
Sethi 2010 5 aBY g 980 84% 1.02[0.29, 3.54] .
Subtotal (95% CI) 569 580 84%  1.02[0.29, 3.54] B ol
Total events g g
Heterogeneity: Mat applicable
Testfar overall effect 2= 0.03 (P =098
Total (95% CI) 2im 2781 100.0%  0.90[0.62, 1.28] &
Total events a8 fia
Hetarogenaity: Chit=17 46, df= 8 (P =003} F=54% ™ 0 e 100

Test for overall effect 2= 0.60 (P = 0.55)
Testfor subgroup differences: Chi*=12.04, df= 4 (F = 0.02), F= 66.8%

More AEs in Others  More AEs in FQs

Figure 56 Meta-analysis of kin-related AEs

5.5.4 Meta-analysis of withdrawal/discontinuity due to AEs

The metaanalysis included 17 of the 24 studies that reported on withdrawal
or discontinuation due to study drugs and 7 wergckided as these
compared FQs with FQs. Overall, there was a higher risk of

withdrawing/discontinuation related to FQs compared to other
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antimicrobials (OR 1.19 (1.4042), p=0.05,%5%) (Figure 5.7). Subgroup

analysis did not indicate significant result
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Figure 5.7 Meta-analysis of withdraw/discontinuity due to dug-related AEs

5.5.5 Risk of hias

Nearly 40% of the studies had a higher risk of bias in blinding of outcome
assessment and random sequence generation (Supplemefigoyre 5.1).
Nearly 80% of the studies had low attrition and reporting bias. Two of the

studies (306, 318)were very poorly reported in all of the six domains
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evaluated. Symmetric funnel plots showed a very smafhber of studies
suffered from publication bias except for those studies included in the meta

analysis of skinelated AEs (Supplementary Figure 5.2: funnel plot).

5.5.6 Heterogeneity

A high level of heterogeneity was observed in total AEselaled and skin
related AEs among the included studies. For total AEs, a slight increase in
heterogeneity (67% to 72%) and effect estimate (1.07 to 1.14) was observed
when studies with a higher risk of bié&92, 306, 307, 311, 31316, 318,

323, 324, 328)were excluded. Subgroup analysis by FQ agents did not
change heterogeneity. Sensitivity analysis excluding high bias st{a@i2s

310, 314, 327)and placebo controlled trialgf299, 320)reduced the
heterogeneity score {) from 69% to 21% and increased the probability of
total AEs from 1.07 to 1.12. For-felated AEs, the sensitivity analysis
decreased heterogeneity slightly and increased thangsted probability
from 1.20 to 1.33. Heterogeneity in the included studies was not observed
for CNSelated studies. For skirelated AEs, removing highly biased studies
(311, 316, 324)ecreased heterogeneitydm 54% to 38% without a change

in the estimated probability.

5.6 Discussion
5.6.1 Summary

In general, the total number of AEs was not significantly different for FQs
compared to all other antimicrobial agents however, the occurrence of Gl
related and CN&elated AEs were significantly higher with FQs compared to
any other antimicrobial. Both Gand CNSelated AEs were significantly
more often observed with FQs compared to macrolides or cefuroxime axetil.
AEs are generally less often observed with the use of deQgared to
TMP/SMX and fosfomycin.

Skinrelated AEs were not associated with FQs use in particular but this may

be due to higher publication bias observed in these studies or due to
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relatively less skin related AEs reported with FQs use than other goups

antimicrobials(282)

In consultations, whemprescribinga FQ, consideration should be given to
the increased risk of AEs compared to cefuroxime axetil and the lower risk
compared to ceamoxclav. If there is particular concern regardingr&ated

AEs, prescribers may prefer the use of macrolides and cefuroxime axetil over
FQ but prefer FQs over @moxiclav. Similarly, when there is a particular
concern about any of the CN8lated AEs, cefoxime axetil, macrolides and
co-amoxiclav may be favoured over FQs. Trimethoprim/sulfamethoxazole

did not show any advantage or disadvantage over FQs in relation to AEs.

5.6.2 Comparison with existing literature

Although benefits of antimicrobials are welbcumented by RCTSs, to our
knowledge, there have been no mesmalyses to compare harms associated
with different antimicrobial treatments. A previous review conducted to
understand the common harms of amoxicillin only included RCTs of
amoxicillin vs placeb which may not reflect routine practic€829) This
systematic review and metanalysis is the first review that compares-FQ
related AEs from RCTs in primary care with other antimicrobialshwdan
inform the choice of antimicrobial once the decision to prescribe an

antimicrobial is made.

5.6.3 Limitations

The primary outcome of every trial is clinical efficacy of the drugs rather than
reporting of AEs, which is the foremost limitation of thisviesv. The
reported AEs in every study depended on the definition used and how
information was obtained330) Recording of AEs was not consistent. Some
of the studies recorded AEs baken patient reported symptoms or patient
diaries while others only report AEs after clinical or laboratory examinations.
Few studies reported AEs in qualitative terms (like mild, moderate and
severe) or in other subjective formats, which excluded theseliss from

analysis. Some of the studies were not explicit about the name and types of
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AEs. If explicit, only druglated AEs that account for more than 1% of the
total events were reported. This implies that less common AEs (below 1%)
were missing fromte analysis. Exclusion of few studies (3) reported in
language other than English is unlikely to have affected the outcome of the

study.

Significant heterogeneity was observed among the included studies and
subgroup analysis by FQ agent failed to prowaste explanation for this
heterogeneity. Subgroup analyses are observational in nature and might be
confounded by other study level characteristi(331) The presence of
heterogeneity as well as some high biased trials and fwudies in

comparison groups affects the quality and strength of the evidence.

The AEs reported may not be fully representative of patients above 65 years
of age because the median age of patients is below 65 years except in the
studies reporting on COPDIherefore, comparative analysis of AEs in
relation to different doses and durations with specific reference to older
patients who are often on multiple medications and comorbid conditions as
well as pregnant womerwho are typically excluded from trials an area

for explorations in the future.
5.7 Conclusion

Despite the underreporting and selective reporting of the AEs in many trials
this review provides evidence that FQs are associated with a higher
occurrence of Gl and CM&ated AEs compared to coramtor
antimicrobials. The presented results can provide useful information on the
common harms of FQs during a consultation when considering the
prescription of antimicrobials anthay support the choice of appropriate

antimicrobial.
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CHAPTER 6: ADVERSE EFFECTS OF AMOXICILLIN FOR ACUTE
LOWER RESPIRATORY TRACT INFECHRINMARY CARE: A
SECONDARY AND SUBGROUP ANALYSIS OF A RANDOMISED
CLINICAL TRIAL
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6.1 Highlights

T Amoxicillin is the most commonly used bregigectrum antimicrobial
andisrecommended as firdine treatment br lower respiratory tract
infections (LRTI).

1 A European placeboontrolled trial identified more adverse ever
(AEs) in the amoxicillitreatment group compared tahe placebo
group.

1 No subgroups of patients were at higher risk of any AEs or specific
except rash among the malén the amoxicillin grop. However,this
may be due to multiple testing.

1 All LRTI patients have an equal chance of getting AEs. Hence,
R2OG2NJ LI GASyGQa O2yadzZ Gl GA2Yy
benefits and harms of prescribed antimicrobials. This could be pal

the AMS intervention programme for patient s#y.

Key words:Adverse effects, Antibiotics, Respiratory infections, Randomized controlled

trial, Primary care, Subgroup analysis
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Chapter 6 Adverse effects of amoxicillin for acute lower respiratory tract infection
in primary care: a secondary and subgroup analysis of a randomised clinical trial

6.2 Abstract

BackgroundA European placeboontrolled trial of antibiotic treatment for
lower respiratory tract infection (LRTI) conducted in 16 primary care
practices networks recruited participants between November 2007 and
April 2010, and found adverse events (AESs) occurred more often in patients
prescribed amoxicillin compared to placebohis secondary analysis
explores the causal relationship and estimates specific AEs (diarrhoea,
nausea, rash) due to amoxicillin treatment for LRTI, and if any subgroup is at

increased risk of any or a specific AE.

Methods: Subgroup Analysis of AEs of anedhn for the treatment of LRTI
from a RCT from a GRACE study (Genomics to combat Resistance against

Antibiotics in Communitacquired LRTI in Europe).

Results: A total of 2061 patients were randomly assigned to amoxicillin
(1038) and placebo (1023); 5988%) were 60 and older. A significantly
higher proportion of any AEs (diarrhoea or nausea or rash) (OR = 1.31, 95%
Cl1.051.64, number needed to harm (NNH) = 24) and of diarrhoea (OR 1.43
95% CI 1.08L.90, NNH = 29) was reported in the amoxicillin grdupng

the first week after randomisation. Subgroup analysis showed rash was
significantly more often reported in males prescribed amoxicillin (interaction
term 3.72 95% CI 1.221.36; OR of amoxicillin in males 2.79 (95% Ci;1.08
7.22).

ConclusionNoneof the subgrougwere at higher risk of any AEs or specific
AEs. Although the study was not powered for subgroup analysis, this analysis
suggests that most patients are likely to be equally harmed when prescribed

antibiotics.
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6.3 Introduction

Lower respirtory tract infection (LRTI) is the most common reason for
consulting a general practitioner (GB32, 333) LRTIs are often treated
with antibiotics, even though this is not generally supported by guidelines
and recommendations(333-337) Many trials and observational studies
have found no or little benefit of antibiotic treatment for an acute cough
(338) If an antibiotic is prescrilte amoxicillin is the recommended firsbe
treatment for LRT(339) Amoxicillin issthe most commonly used broad
spectrum penicillin accounting for an average 40% of the total outpatient

antibiotic use in Europ€339-341)

All medications have known adverse events (AEs) and antibiotics are no
exaeption (342) Although most antibiotics are generally considered safe,
and most AEs are moderate to mild, some antibiotics have been associated
with life-threatening AE$343) AEs are generally poorly reported in trials,
and their true incidence is thought to be much higher than reported in trials
(329) In primary care, a shared decision consultation should include both
the benefits and potential harms of the (abiotic) treatment prescribed
(344)

The European multicentre randomised placedmmtrolled trial (RCT) of
amoxicillin for LRTI in adults in primary care was performed by the GRACE
(Genomics to@mbat Resistance against Antibiotics in Commuaiguired

LRTI in Europe; www.gratii.org) Network of Excellence. The GRACE trial
identified significantly more AEs (diarrhoea or nausea or rash) in the
amoxicillin group compared to the placebo groupgAtiEweek one and week

two after antibiotic administrationj114) However, it was not clear whether

this applies to each specific AE, or whether particular subgroups of patients
suffer more AEs than others. To batinform primary care clinicians and
their patients, this secondary analysis of the GRACE trial aims to provide
estimates of any and each specific AE (diarrhoea, nausea, and rash) of

amoxicillin, and identify subgroups of patients that are more at askahy
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or a specific AE.
6.4 Methods
6.4.1 Study design and atients

The GRACE trial was performed in 16 primary care research networks in 12
European countries. Details of the study design, patient inclusion, and
recruitment were previously publishe@ 14, 345) In summary, the study

was conducted between November 2007 and April 2010, and recruited adult
patients with LRTI that were randomly allocated to receive either 1g of

amoxicillin or placebo three times a day for Hda

6.4.2 Data ollection

Data was collected using (a) a case record form (CRF), (b) a symptom diary,
and (c) a short version of the diary. The latter was used to collect key
outcome variables and AEs during a standardised phone call after 4 weeks,
if participarts had not returned their diary. For this subgroup analysis, we
used information on antibiotic treatment in the previous six months, any
medication during the study period, history of regular use of inhaled
bronchodilators, steroids, antihypertensive/diures,
benzodiazepines/antidepressant, oral neteroidal antiinflammatory
drugs, or influenza vaccination recorded by the responsible clinician in the
CRF. The symptom diary was completed by the patient every day from day
one, i.e., day of consultation drinclusion, until resolution of symptoms, up

to a maximum of 28 days. This diary has previously been validated, is
sensitive to change, and internally reliab{846) Specific AEs, such as
diarrhoea, nausea, and rash, were recorded at the end of week one and
week two, and ovethe-counter (OTC) treatment was recorded on day one.
Anxiety and depression related questionnaivesre completed by patients

on the day of consultation (day one), and at the end of every week for four
weeks. For the purpose of this study, we used anxiety and depression
reported on day one. All information was collected blind to treatment

allocation. Al data collection forms were translated into relevant local
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languages and badkanslated to ensure consistency.

6.4.3 Outcomes in the Study

The primary outcomes include the presence of specific AEs, diarrhoea,
nausea, and rash. We also created another dichaioshoutcome variable

F2N) GKS LINBaSyOS 2F alyeée NBLER2NISR ! 9¢
diarrhoea or nausea or rash at the end of week one. Amoxicillin was
administered for seven days in the study, and all AEs reported during week

one were included ithe primary outcome. Subsequent reported AEsr&v

excluded from the analysis.

6.4.4 Sample sizealculation

As this is a secondary analysis of previously collected data, sample size
calculations are no longer relevant. Considering the proportion of Aty
caued by amoxicillif114) a subgroup sample size of 136 patients allows

detection of a 15% absolute difference in AEs (17.5% versus 2.5%, with 80%

T 2
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allow the detection of a 10% absolute difference. Analyses in smaller
subgroups were considered underpowered, and were only reported for

comprehensive purposes.

6.4.5 Statistical analysis

The subgroup analyses of the AEs were notgmecified. For any anglach
specific AE, we estimated the effect of amoxicillin using logistic regression
analysis in Stata (version 13). Subgroup analyses were performed separately
for any and each specific AE. The interaction between a particular subgroup
(for example, malesind the intervention (in this case amoxicillin) concerns
the difference in AEs (of amoxicillin) among the patients in that particular
group (males), compared to patients who are not (females). The interaction
term is the variable introduced into the statical model to allow estimation

of the size of that difference. The odds ratio in the subgroups estimates the

difference in AEs between patients on amoxicillin and those on placebo. The

125



Chapter 6 Adverse effects of amoxicillin for acute lower respiratory tract infection
in primary care: a secondary and subgroup analysis of a randomised clinical trial

specific subgroups were gender (male/female), age (60 years andlekter
than 60 years), and yes/no groups for current and ever smoking,
depression/anxiety on the day of the consultation, otlee-counter (OTC)
treatment before consultation, antibiotics used in previous six months, use
of any medication other than studyedication, use of oral bronchodilators,

on regular oral or inhaled steroids, on antihypertensive/diuretics, on
antidepressantor benzodiazepams, on nesteroidal antiinflammatory
drugs and vaccinated against influenza. Sensitivity analysis was performed

by recoding missing information on an AE as the absence of that AE.

6.5 Results
6.5.1 ParticipantsClistribution by subgroups

A total of 2061 patients were recruited and randomly assigned to amoxicillin
(1038) and to placebo (1023). Of the total, 595 (28%) were @bsyand
older, 836 (40%) were males, 579 (28%) current smokers, and 470 (23%)
reported symptoms of anxiety/depression on the day of consultation.
Regarding the medication history, 283 (14%) had antibiotic treatment in
previous 6 months, 1056 (51%) reporteder-the-counter (OTC) treatment
before consulting a general practitioner, 1342 (65%) were prescribed
treatment other than study medication during their consultation. These
other medications included 479 (23%) antihypertensive/diuretics, 201 (10%)
oral bronchodilators, 171 (8%) steroids, 202 (10%)
antidepressant/benzodiazepines, 174 (8%) ssteroidal antiinflammatory

drugs, and 451 (22%) influenza vaccines.

6.5.2 Subgroup analysis of adverseents

For the whole cohort, at the end of week one, a significartigher
proportion of any AE (diarrhoea or nausea or rash) was reported in the
amoxicillin group compared to placebo (OR = 1.31, 95% (11625 (Table

6.1). The number needed to harm (NNH) was 24, i.e., on average, for every
24 patients receiving amoxiion, one additional patient had reported any AE

due to the antibiotic at the end of week one. Any AE was reported

126



Chapter 6 Adverse effects of amoxicillin for acute lower respiratory tract infection
in primary care: a secondary and subgroup analysis of a randomised clinical trial

significantly more often in patients ever being a smoker (OR = 1.41, 95% ClI
1.04¢1.90), and patients using OTC treatment before the consohaiOR =

1.44, 95% CI 1.@2.91), but the interaction terms were not statistically
significant. In patients with depression/anxiety on the day of consultation
(OR = 1.49, 95% CI 0c222) and in those on any medication other than
study medication (OR =.29, 95% CI 0.98.69) the odds ratios were
borderline significant, but the interaction terms were not significant. This
indicates that compared to the whole cohort, no subgroups were at higher

risk of any AE (diarrhoea or naasor rash) due to amoxiciili

Analysing each specific AE, diarrhoea was present significantly more often
among patients in the amoxicillin group, compared to those in the placebo
group (OR 1.43 Cl 1€B90, Table 6.2) (NNH: 29). Diarrhoea was
significantly more often reported by fiants 60 years and over (OR 1.97,
95% CI 1.088.54), current smokers (OR 2.07, 95% CIBI), ever being

a smoker (OR 1.79, 95% CI £285), on OTC treatment before their
consultation (OR 1.76 95% CI X23%3), and on antihypertensive/diuretics
(OR2.27, 95% CI 1.24.05). However, the interaction terms were not

significant.

Nausea was not associated with amoxicillin treatment for either the whole
cohort or any subgroup of patients (Table 6.3). Rash was only significantly
more often reported by male (interaction term 3.72, p = 0.021; odds ratio

in males 2.79 (95% CIl 1q¥822) (Table 6.4).
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Table 6.1 Anyadverseevent (diarrhoeaor nauseaor rash) in thewhole cohort, and insubgroups of adult patients in the first week

presenting to primary care with &RTlnd allocation to amoxicillin or placeho

OR for Subgroups (959

Amoxicillin Placebo Interaction Term (95% ClI o
Whole cohort 219/1038 173/1023 1.31 (1.051.64) *
Aged 60 years and older 57/292 42/303 1.21 (072¢2.00) 1.50 (0.9%2.33)
Male 78/413 63/423 1.02 (0.641.62) 1.33(0.921.91)
Current smoking 60/307 38/272 1.18 (0.7@1.96) 1.49 (0.952.33)
Everbeing a smoker 123/559 90/539 1.16 (0.741.81) 1.41 (1.041.90) *
Depression/anxiety on the day of casation 77/231 60/239 1.17 (0.721.90) 1.49 (0.9¢2.22)
OTC treatment before consultation 152/535 112/521 1.28 (0.7€2.07) 1.44 (1.0¢1.91) *
Antibiotic used in previous six months 26/143 271140 0.66 (0.351.27) 0.93 (0.5%1.69)
Any medication other tAn study medication 145/679 115/663 0.94 (0.591.51) 1.29 (0.981.69)
Oral bronchodilators 20/96 20/108 0.86 (0.4%1.79) 1.16 (0.5¢2.31)
On regular oral or inhaled steroids 17/84 18/87 0.71 (0.321.56) 0.97 (0.462.04)
Antihypertensive/Diuretics 52/239 43/240 0.95 (0.5%1.60) 1.27 (0.8%1.99)
Antidepressant/benzodiazepams 24/98 21/104 0.96 (0.481.96) 1.28 (0.652.49)
Nonsteroidal antiinflamatory drugs 18/77 16/97 1.19 (0.542.61) 1.54 (0.723.27)
Influenza vaccine 42226 31/225 1.10 (0.681.95) 143 (0.8&2.36)

* Significant at pvalue < 0.05 and OTC = oYlee-counter.
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Table 6.2 Diarrhoea in thewhole cohort and in subgroups of adult patients in the first week after presenting to primary care &itiRTI

and allocation to amoxicillin or placebo

Amoxicillin Placebo Interaction Term (95% CI) OR for Subgroups (95% C

Whole cohort 129/1038 92/1023 1.43 (1.081.90) *
Age 60 years and older 33/242 20/270 1.50 (0.7€2.94) 1.97 (1.0¢3.54) *
Male 49/335 37/343 0.94 (0.8¢1.69) 1.42 (0.982.24)
Current smoking 38/237 18/214 1.57 (0.793.11) 2.07 (1.1§3.76) *
Ever being a smoker 76/443 46/443 1.54 (0.862.74) 1.79 (1.21¢2.65) *
Depression/anxiety on the day of

consultation 39/224 32/239 0.89 (0.481.65) 1.36 (0.822.26)
OTC treatment before consultation 91/523 55/516 1.63 (0.8¢2.99) 1.76 (1.282.53) *
Antibiotics in previous six months 15/117 12/110 0.79 (0.381.88) 1.20 (0.532.69)
Any medication other than study medicatio 82/551 63/544 0.75(0.4%1.38) 1.33 (0.9¢1.89)
Oral bronchodilators 12/82 10/89 0.91 (0.352.36) 1.35 (0.553.33)
On regular oral or inhaled steroids # 10/71 9/75 0.80 (0.292.21) 1.20 (0.463.16)
Antihypertensive/Diuretics 38/198 20/211 1.79 (0.923.49) 2.27 (1.2¢4.05) *
Antidepressant/b@zodiazepams 13/81 8/87 1.32 (0.4€3.54) 1.89 (0.744.82)
Non-steroidal antiinflamatory drugs # 13/60 4/81 4.02 (1.1913.55) * 5.32 (1.6417.29) *
Influenza vaccine 29/184 17/194 1.43 (0.7@2.92) 1.95 (1.083.68) *

* Significant at pvalue < 0.05 and TOC = ovethe-counter; # variables underpowered.
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Table 6.3 Nausea in thewhole cohort and in subgroups of adult patients in the first week after presenting to primary care \&aitbRTI

and allocation to amoxicillin or placebo

Interaction Term (95%

Amoxicillin Placebo o OR for Subgroups (95% CI
Whole cohort 99/1038 82/1023 1.21 (0.891.64)
Age 60 years and older 26/243 24/270 1.01 (0.5£2.02) 1.22 (0.682.20)
Male 26/336 26/342 0.77 (0.391.52) 1.02 (0.581.79)
Current snoking 25/237 20/213 0.90 (0.441.85) 1.14 (0.6%2.11)
Ever being a smoker 48/444 43/441 0.84 (0.4%1.56) 1.12 (0.781.73)
Depression/anxiety on the day of consultation 37/224 31/237 0.09(0.5%2.09) 1.31 (0.782.20)
OTC treatment before consultation 68/523 57/514 0.93(0.4€¢1.82) 1.19 (0.821.74)
Antibiotics in previous six months 14/117 13/110 0.80 (0.381.92) 1.01 (0.452.26)
Any medication other than study medication 66/552 54/542 1.00 (0.521.93) 1.23 (0.841.79)
Oral bronchodilators 13/82 8/89 1.65 (0.6%4.45) 1.91 (0.754.87)
On regular oral or inhaled steriods # 10/71 9/75 0.98 (0.352.71) 1.20 (0.463.16)
Antihypertensive/Diuretics 21/198 20/211 0.91 (0.481.89) 1.13(0.5¢2.16)
Antidepressant/benzodiazepams 13/81 13/87 0.87 (0.352.14) 1.09(0.47%¢2.51)
Non-steroidal antiinflamatory drugs # 9/60 9/81 1.16 (0.4%3.30) 1.41 (0.523.80)
Influenza vaccine 18/185 14/194 1.17 (0.522.62) 1.38 (0.6¢2.87)

* Significant at pvalue < 0.05 and OTC = otlee-counter; # variables underpowered.
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Tabk 6.4 Rash in thewhole cohort and in subgroups of adult patients in the first week after presenting to primary cardait_RTI and

allocation to amoxicillin or placebo

OR for Sufroups (95%

Amoxicillin Placebo Interaction Term (95% CI o
Whole cohort 37/1038 33/1023 1.11 (0.691.79)
Age 60 years and older 14/242 7/269 2.77 (0.988.23) 2.29 (0.9%5.79)

Male 16/336 6/341 3.72(1.2211.36) * 2.79 (1.087.22) *
Current smoking 8/237 5/213 1.36 (0.394.75) 1.45 (0.474.51)
Ever being a smoker 22/444 14/442 2.06 (0.785.46) 1.59 (0.8@3.16)
Depression/ anxiety on the day of consultation 19/224 11/238 2.44 (0.9@6.58) 1.91 (0.8¢4.11)
OTC treatment before consultation 25/522 25/514 0.64 (0.221.87) 0.98 (0.561.74)
Antibictics in previous six months 71117 6/110 0.98 (0.283.42) 1.10 (0.363.39)
Any medication other than study medication 25/551 20/543 1.33(0.4¢3.64) 1.24 (0.682.26)
Oral bronchodilators 2/81 4/89 0.45 (0.0€2.72) 0.54 (0.093.02)
On regular oral or inHad steriods # 2/71 2175 0.94 (0.127.32) 1.06 (0.147.72)
Antihypertensive/Diuretics 9/197 71210 1.33(0.424.17) 1.39 (0.5@3.80)
Antidepressant/benzodiazepams 6/80 6/87 0.96 (0.2€¢3.49) 1.09 (0.343.54)
Nonsteroidal antiinflamatory drugs # 2/60 6/81 0.34 (0.061.89) 0.43 (0.082.21)
Influenza vaccine 6/184 4/194 1.53 (0.386.11) 1.60 (0.445.77)

* Significant at pvalue < 0.05 and OTC = otlee-counter; # variables underpowered.
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6.6 Discussion
6.6.1 Summary

¢2 GKS Fdzi K2NBRQ 1Y 2 bgtoGpradafysis oliakyhaind A a4 G KS
specific AEs reported in RCTs of antibiotics for LRTI. Diarrhoea was
significantly more likely to be reported in the amoxicillin group compared to

the placebo group. No specific subgroups were at higher risk of any or a
specificAE due to amoxicillin, apart from males in the amoxicillin group

reporting rash significantly more often.

6.6.2 Strengths andimitations

Our results are based on data from the largest RCT of antibiotics for acute
LRTI in general practice to datd@14) Its primary objective was not
identifying the incidence of AEs. RCTs, such as the GRACE trial, are not always
prospectively powered for subgroup analysis of AB45) Accordingly,
subgroup analyses with multiple comparisons are often underpowered, with

a greater rislof the false negative results (type Il error). Large sample sizes
are needed for robust subgroup analysis, which may only be possible by

combining trial results in a metanalysig207)

6.6.3 Comparison with &istingliterature

Reporting guidelines on RCTs indicate that more details on AEs of medication
should be documented and reported to the concerned autho(@#7)
However, AEs occurring during atrare often underreported, in particular,
when reporting results in trial publications. Underreporting may be a result
of poor monitoring, missing data, or unclear case definiti¢gd48) An
important consequence of underreporting of AEs is a misinterpretation of
0KS AYUSNBSY(GA2yQa SEBAGhougEthelGRAJEA Odzt I NI &
trial captured AEs from the study medication, the reported AEs were limited
to diarrhoea, nausea, and rash. A review paper identified thatichasis

was significantly associated with amoxicillin (329) and patients treated

with amoxicillin were twice as likely, compared to placebo, to report

diarrhoea(329, 348) As in the previously published paper from GRACE trial
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(114) the current study showed significantly neoAEs (diarrhoea or nausea

or rash) in amoxicillin group compared to placebo. The calculation of any AEs
in the previous paper covered the first two weeks after the antibiotic was
prescribed, however, this paper reports on any AEs in the first week while

patients were taking antibiotics.

This study also showed a higher risk overall of diarrhoea in the amoxicillin
group compared to the placebo group. Even though diarrhoea was more
often reported in the treatment group for patients 60 years and older,
smokers patients taking OTC treatment before consulting a GP, patients on
antihypertensive or nossteroidal antiinflammatory drugs and those who
received an influenza vaccine, no particular subgroup was at higher risk of

AEs.

The presented analysis showed tmaales in the amoxicillin group reported
rash significantly more often compared to males in the placebo group. Skin
reactions were also associated with amoxicillin {880) A borderline
significant interaction term was observed for patients remaogt
anxiety/depression on the day of the consultation. These (borderline)
significant results may be due to multiple testing, and with more
conservative pvalues, and these results would not be considered significant

(351) Sensitivity analysis did not alter our conclusions.

6.7 Conclusion

This subgroup analysis provides some evidence that the observed increased
risk of any AE or diarrhoea due to amoxicillin was not specifiecnane
pronounced, in any subgroup of patients. In other words, all adult LRTI
patients prescribed antibiotics are likely to be at the same risk for any AE or
diarrhoea. We can reiterate the conclusion of the previous GRACE trial that
the results do not sugest the use of amoxicillin where only little benefit has
been observed for patients with uncomplicated LRTI in primary care. Before
prescribing an antibiotic, their potential benefits and harms should be

discussed with patients.
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CHAPTER FINAL OVERARCHING DISCWESIO

7.1

7.1.1

A/ gl “af_ [ YF | aeVayaAdgelaia " /

Key fndings
HAI and AMU

dgnificantvariation in the occurrence of HAI and the use of antimicrabial
was observed between Irish LTCF. Some LTCF had double the occurrence of

HAI and/orantimicrobialprescribingcompared to other LTCERapter2).

Institutional risk factors associated witess AMUin LTCF identified by
statistical analysis wer&liapter 2):

0 Medical care provided by personal GP

o A higher number of healthcare assistantsx (Whole Time

Equivalents)

0 Presence of an internabordinating physician

0 An antimicrobial stewardshigAMS)committee in the LTCF

o Feedback to GPs on AMU

An institutional factor associated witkess HAlin LTCF identified by
statistical analysis waSlfapter 2):

0 Feedback system on IPC practice to LTCF staff

An individual (resident) factor associated witiore HAl and AMUwas
(Chapter?2):
0 Urinary catheter use (this was highest in IDFs, followed by NHs and

then mixed care facilities)

Of the totalnumberof residens on antimicrobiasin Irish LTCF, more than
40% were on prophylaxiBrophylacticprescribing was substantially more
commonin IDFs (above 50%) when compared to other types of LTCF
(Chapter 3).

No change (neither increase nor decrease) waseoked in prophylactic
AMU among the LTGFat participated in both the 2013 and 2016 surveys.
ProphylacticAMU was 1.6 times high@r newly participating LTCF in HALT
2016 compared to those who only participated in HALT 2aQh3ter 3).
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ProphylacticAMU was most commonly used for conditions relating to the

urinary tract, followed by respiratory tract and skin/wourthépter3).

Nitrofurantoin and trimethoprim were the antimicrobials predominantly
prescribed as prophylactic for urinary tract. Macrolides were highly
prescribed for respiratory tract and tetracycline and macrolides for

skin/wound Chapter 3).

Unusual practices observed in the Irish LTCF in relatigerdphylactic
prescribing includedChapter 3):

0 80% of propklacticantimicrobials presibedwithout an end date.

o Residents simultaneously taking/prescribed multiple

antimicrobialsfor prophylaxis

The factors associated witimcreased prophylacticAMU in LTCF were
(Chapter 3):

o Female.

0 Living in LTCF for more than a year

0 Urinarycatheter ue.

Of the total antimicrobials prescribed, 46% weezondline antimicrobials
in LTCFRGhapter4).

Sgnificant variation in the firstine andsecondline AMU was observed
between Irish LTCF. Secdinte AMU compared to firdine was double in
some LTCghapter4).

An institutional factor associated witless secondine AMU in LTCF was
(Chapter4)
0 The provision of training to staff on appropriate antimicrobial

prescribing

Individual (resident) factors associated wiéss secondine AMU in LTCF
were (Chapter4)
o Female

0 Urinary catheter use

137



Chapter 7Final Overarching discussion

7.1.2 Adverse drug events (ADES)

1 The most commonly reporteADEs of FQwere nausea, vomiting,
diarrhoea, abdominal pain, headache, dizziness, insomnia,

drowsiness, pruritus, vaginal itching, and raGhapter5).

1 FGsuse was associated witlit{apter5)
0 CN&related ADEs (1.4 times more often with FQs than other
antimicrobials group studied)
0 Gtrelated ADEs (1.2 times more often with FQs than other

antimicrobials group studied)

1 FQs use walOTassociated with@hapter 5)
o0 Skinrelated ADEs

1 Higher risk of drugelated withdrawal/discontinuationvasobserved
among theFQsuser group compared to other antimicrobial groups
studied Chapter5).

T Amoxicillintreatment for acute lower RTI showed th&h@pter 6)
o One in ever®4 patients had an ADE
o Diarrhoea was more often reported in the amoxicillin group
compared to the placeho
o0 No subgroup of patients were at higher risk of any ADEs
(diarrhoea or nausea or rash)
0 Rash was reported significantly mamongthe males irthe

amoxicillin group than those in the placebo group

7.1.3 Methodological finding

1 Analysis of aggregated LTCF data identified only a resident level risk
factor associated with HAl and AMChépter 2).

1 However,the analysis ofdditional collectedinformation an age,
sex, urinary catheter and disorientation from all residents in LTCF
alloned (Chapter2 and 4):

0 More powerful analysis
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o Demonstration ofvariation in HAl and AMU between LTCF
o Identification of risk factorsfor HAl and AMU at both

institutional andresident level.

7.2 Discussion

The rapidly emerging threat of AMR globdB%2)indicates how impouwnt

it is to understand antimicrobial prescribing practices and factors influencing
AMU. It is essential to determine and communicate the benefits and harms
of AMU to healthcare providers and users. This will support the
implementation of best practices thin healthcare settings, including LTCF.
This thesis focuses on antimicrobial prescribing and stewardship in an ageing
population. It aims to identify HAI, AMU, their ADEs and factors influencing
AMU in Irish LTCF. It also proposes recommendations foroiumy

antimicrobial prescribing practices and elderly care in LTCF.

The thesis is the outcome of secondary data analysis. A number of
institutional and resident level risk factors associated with HAl and AMU and
ADEs were identified. These findings canused to inform policymakers of
ways to improve AMUdnd care of the elderly and residents in LTCF &nd

support the development of AMS programmes.

7.2.1 HAI and AMUinstitutional and individual risk factors

One of the important factathat influence AMU i TCF is the care provided

by a residen®@ersonal GP. Service provision in LTCieyaomelL TCHhave

their ownemployed medical staff, while others include the residéhts

personal GP or a mixture of both. A potential barrier of the AMS programme

and agpropriate prescribings LK@ aA OAl yaQ O2YLX AlFyOS | yR
communication with patient$234) Previous studies showed an association

of AMS activities with physician adherence to evidebased guidelines and

the care procesg353, 354) A study conducted in residential homes in

Northern Ireland found that a GP visiting and examining patients

significantly improved antimicrobigdrescribing(235) This is similar to the

finding of our study Chapter 2), wheren care providedo @8 G KS NBAARSYy (& ¢
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personal GP reduced AMU by 40%. The reduction may be attributed to the
GP's familiarity with the resident's medical conditions and situation over
time. Studies argue that in LTCF, GPs more often prescribed antimicrobials
over the phone whout any physical examination, specifically for the
treatment of suspected UTR35238) GR2 F 1Sy NBf & 2y ydzZNASaQ |
of residents and may not personally visit to confirm the diagn{23y)

Studies have documented that nurses can drive AMU in (ZB5F237, 238)

An analys Chapter 2) in this thesis did not show any difference in AMU

with increased nursing staff WTHsut showed a decrease in AMU with
increasechumbers oHCA. In LTCF, nurses are often the first point of contact
YR NBalLRyaioft s supmd dyBIEA R Rsifudion o0l NB
providing personal care to residents, HCAs may be closer and in direct
contad. However, the HCAland nurseQroles and their impact on

antimicrobial prescribing and HAI require further investigation.

Similarly, analysis ichapter 2 identified a positive impact of a coordinating
physician in reducing AMU. Leadership commitment is an important
component ofthe AMS programme because it involves many departments
and key personnel (e.g. infectious disease specialists, geaasicnurses)
that require coordination for effective implementation. An internal
coordinating physician could be a person in the LTCF with leadership
commitment. Nearly 75% of the Irish LTCF were without an internal
coordinating physician at the time of ¢hsurvey. However, the analysis
showed that 25% of LTCF had internal coordinating physjordrish was
associated with 0% reduction in AMU. This indicates that a coordinating
physician could improve prescribing and the appropriate use of available
guidelines in the LTCF. A previous stuinductedin Irelandin 2010
showed similar resudt where 45% of LTCF with a coordinating physician had
used antimicrobial prescribing guidelines available in their fagidgnpared

with thosethat do not havea coardinating physiciar{355) A coordinating
physician may improve prescribing and reduce the ficacof telephone

prescribing without physical examination in LT8%6, 357) As personal GP
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care had a positive role in reducing AMU, a care model combining personal
GP care and a coordinating physician couldrowp AMU in LTCF. Specific
roles, responsibilities and working durations of the coordinating physicians
and personal G&#Hin LTCF require further research and exploration for their

effective implementation.

The pesenceof an AMS committee in the LTCF iso#imer factor that
influences AMU. An AMS committee is one of the components of the AMS
programme, and it acts asaalvisory committevithin the LTCE233) LTCF

in European countries are regulated layv and they are required to meet
the national standard of car@21) HIQA is responsible for regulating care in
Ireland (72). The AMS committee serves as a monitoring and cootidipa
body with different units and departments within the LTCF to improve
antimicrobial prescribingnd elderly care ando reduce AMR. According to
the HALT PR$here were fewerAMS committees in Irish LT@F 2016
compared to 2010 (2% versus 16g61, 85) with similartrendsin Europe
(8%versush%g (37, 173) This shows that the AMS committee and their role
has not been identified as a priority for improving AMU and AMR in the LTCF.

Other important factors that may influence AMU are education and training
of medical staff ad nurses in LTCF. It is well known that a lack of regular
training and limited knowledge amongst medical staff contributed to
antimicrobial misus€275) Education and training in Irish LTCF are mostly
limited to IPC practices. Of the total, 76% of LTGFttened staff on IPC
practices but only 6% of LTCF had trained staff in AMU in @).&pecific

to AMU, online prescribing guelines are the mosup-to-date and freely
available for use in Irish LTCR4) In thisthesis, the 6% of LTCF that had
staff trained on AMU showe8l0% less secontine AMU. This may suggest
that staff training on AMU could reduce secelirte AMU and contribute to
better AMS practices in Irish LTCF. However, good coordination between
LTCF ahregional/national level authorities is required for resource planning
and effective implementation. Additionally, regular refresher training on

AMU would help staff to keep up to date with changes in AMU and
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guidelines. It would also increase the confide and motivationof staff
working in LTCF for rational AMU. Previous stuié8, 276, 358, 35%ave
shown that education and trainingnterventions in LTCF have led to
improvements in guideline adherencg277) Similarly, educational
interventions of staff in LTCF have improved overall treatment of
asymptomatic bacteriuria and inappropriate urine cult@87) This is of
particular importarce as microbiological analysis request of a urine culture

is associated with overprescribing of antimicrobials in L(IE%H)

Feedback on antimicrobial consumption to pneker and surveillance
results of IPC practices to staff in the LTCF were positively associated with
low AMU and HAI. Providing feedback to providers on AMU practices and
IPC has been documented as one of the important strategies to improve
AMU and HA(360, 361) Thsthesis reports &0% decrease in AMU and a
40% decrease in HAI with the provision of a feedback system in LTCF. Other
studies have also shown the impact of feedback intervergtion AMU
whereby feedback mechanissmincreasedappropriate AMU by up to 17%
(362, 363) However, these studies were intervention studies, not
prevalence studiesFrom HALT 2010 to 2016het proportion of LTCF
providing feedback on AMlicreased from 10% to 14&thdin IPC practices

from 38% to 65%71, 85) This is a pave sign for improving AMU and HAI

in Irish LTCF, even though more than 80% of LTCF do not have an AMU
feedback system in place. Thisagotential area to improve AMland
reduce AMU as part of an AMS programme. Implementation of
interventions, such as hie establishment of feedback mechantsin the

LTCHs feasible in the present context.

Requesting a urine sample for microbiological analysis before starting an
antimicrobial was another LTCF level factor that influenced AMU in Irish
LTCF.Antimicrobial susceptibility testing AST had a major impact on
antimicrobial prescribing and AST is mostly guided by culture reQt5
Sending a urine sanfor culture to diagnose UTI is not recommended due

to the high prevalence of asymptomatic bacteriuria in LTXGE, 365, 366)
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In LTCF, 78% of the urine cultures ordered did not the meet the Loeb criteria
(169, 367pnd overordering of the urine samples for culture was associated
with the oveuse of antimicrobials (14). Aanalysigchapter 2)showed that
LTCF collecting microbiological samples before antimidsbreere
prescribed were 2.5 times more likely to have AMU than LTCF who did not.
These findings were similar to a study by ECDC in(2219 Theassociation

of urine sample collection and AMU may be guided by the practice of urine
dipstick test for UTI diagnosis in Irish LTCF. In 2016 HALT, 98% of the
participaing LTCF performed urine dipstick for UTI diagnosis and more than
60% dosoroutinely (HALT report 2016). This practice has not changed in
the last two consecutive PPS in Irish LTAZF90) Therefore, this ithe area

where improvement can be made in the LTCF.

Urinary catheter use by residents was identified as an important individual
risk factor of AMU in LTCF. In general, guidelines do not recommend
antimicrobials for patients with a urinary cathetdd34) A multilevel
analysis Chapter 2) in ths thesis showed that residents with a urinary
catheter were 2.2 times more likely to have an antimicrobial prescribed and
2.6 times more likely to be diagnosed with an HAI. Residents with a urinary
catheter were also found to be more often on antimicrobials (either<fost
secondline) according to muibomial analysis (chapter 4). Similarly, the
analysis of prophylactc AMU showed 1.8 times higher chance of
prophylactic prescribing for residents with a urinary catheter. Many
residents in LTCF with an indwelling urinary catheter have bacte(RB®
368)and antimicrobial prescribing is often associated withAitimicrobial
treatment of asymptomatic bacteriuria does not improve outcomes, but
instead promotes AMRR237) Prescribing linked to catheter use should be
part of efforts to improve antimicrobial prescribing and reduce AMR. This is

achievable and practical in the cant context.

Specific to prophylactic AMU, significant risk factors associated at resident
level were the duration they were in the LTCF, sex, the presence of pressure

sores, and a history of recent hospitalisation. The probability of prophylactic
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AMU doubled if the residentwasresidng for more than a year ithe LTCF
andwashigher forfemale residents. The residents who live for a long time

in LTCF may be more likelyttavea urinary catheterBoth prophylactic and
therapeuticAMUwere associated witkthe presence of a urinary catheter in
residents in LTCF. A narrative review by Crnich et al. also highlighted a 40 to
70% increase in AMU for residents where residing for more than six
months in LTCE5). In ontrast, the presence of pressure sores and a recent
history of hospitalisation decreased the likelihood of prophylactic AMU in
LTCF. The decrease in prophylactic AMU as a result of recent hospitalisation
gives an indication that resident AMU may be stoguiiring the hospital

stay. Likewise, AMU should be regularly monitored through AMS

intervention in the LTCF to improve prescribing.

7.2.2 AMU- adherence to prescribing guidelines

The HSH Ireland updated antimicrobial prescribing guidelines for Irish LTCF
in November 2014134) The guidelines do not recommend prophylactic
prescribing or broadpectrum/secondline antimicrobial unless firdine
antimicrobials are not likely to be effective. Ingkhesis, out of all residents
prescribed antimicrobials, more than 40% were on prophylaxis and 46%
were on secondine antimicrobials. This indicatethat antimicrobial
prescribing guidelines are poorly adhered to in Irish LTCF. Inappropriate use
or nonadherence to prescribing guidelines may be because of limited
knowledgeamong staffabout the availability of antimicrobial prescribing
guidelines in teir facility or their lack of experience. A qualitative study in
Ireland reported that many healthcare workers were unaware of the
existence of antimicrobial prescribing guidekria the LTCKE369) Even if
aware, most of them were passivihey disregarad guidelinesand often

did not adhere to then{369) Therefore, as reported in ibthesis, educating
staff on appropriate AMU and guidelines use can be a useful strategy in
improving prescribing, guideline adherencand AMS programme

implementation in LCF.
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The prophylactic analysisC{apter 3) found that broagspectrum

antimicrobials mainly FQs accounted for 2% and cephalosporin

accounted for 10% of prophylactic AMU in Irish LTCF. Even though the

proportion of use was relatively small, their use igjoeat concern because

of documented ADEs and AMR iss(@59, 272, 370)A review(Chapter 5)

in this thesisidentified increased ADEhRIe to FQ usemanly related toGl

and CNS (see section 7.2.4 for detaiCdizgd a A 2y 0 & t | NI A Odzf I NJ 2
02E¢ 61 NYyAy3d f106St KlIsandp&liSsofthRiRIER (2 & N
associated witlthese druggq371) Similarly, cephalosporingere the most

inappropriately used antimicrobial agesin LTCF. These antimicrobials are

more often associated with the rapid spread of multiple resistance
microorganisms(such as Clostridiumdifficile, MRSA and VRE etc.) and

especially in a closed emohment such as LTQR59, 372, 373) The

association of cephalosporins with ADEs suggest careful use, in particular as

prophylaxis or for the treatment of common infections in LTGF4)

Theefore, the use of these broaspectrum antimicrobial agents should be

RAa202dzNy 3SR Ay (UKS [¢/CP t NEBAONAROSNARAQ NXE.
crucial for the appropriate use of antimicrobial prescribing guidelines, which

can be done through trainingnd education programmes.

Prophylactic AMU was 1.6 times higher in HALT 2016 compared to HALT
2013 However, no significant changewere observed in the LTCihat
participated in both PPS (2013 and 2016). Participation in HALT does not
necessarily changeractice or improve prophylactic AMU. Coordination
between HSE and healthcare regulating authorities is essential for proper
utilisation of the findings from HALT arid make them into actionable

knowledge as a basis for AMS programmes.

7.2.3 LTCEF variation inA and AMU

The LTCF variation in HAlI and AMU was demonstrated using different
approaches. Firstly, the likelihood ratio test showed significant variation
between the LTCF in both HAI and AMU with-eajue < 0.05. Secondly,
caterpillar plots(Chapter 2, Fgure 2.2) showed the same betwedrl CF
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variation in HAI and AMU. Thirdly, the cluster effect or LTCF level variance
(mOR) showed that the probability of occurrence of HAl and AMU would
double. Fourthly, LTCF variation was estimated in variance and cas@rian
and the result showed variation in AMU (either general or sedore)
between LTCF. The consistency observed in the outcome using different
approaches and observed variation between two studies (chapter 2 and 4)
on AMU implies that any AMS programmestned should consider LTCF

level difference for its effective implementation and patiefistcomes.

7.2.4 ADEs of antimicrobialga patient safety issue

The benefits of antimicrobial agents should always outweigh the harms. The
consultation between patientrad prescriber should include a discussain

the risks and safety measures of prescribed antimicrobial order to
minimise the risk of ADE and AM&S discusseth 7.2.2, broaespectrum

AMU was a major issue in LTCF due to their-lasing ADEs and ireased

risk of AMR. Thus, in this thesis, we explored and discussed ADEs of two

important broadspectrum antimicrobial agentse. FQs and amoxicillin.

Nausea, diarrhoea, headache, vomiting, and dizziness were the most
commonly reported ADEs of FQ ancktimetaanalysis of specific ADEs
showed 1.2 times the risk of @&lated and 1.4 times the risk of CiSated
ADEs in FQ groups when compared to other antimicrobial groups.
Withdrawal and discontinuation of drugelated ADEs were more often
associated wh FQ use than other antimicrobials included in the study and
is consistent with previous literatur@65) Though the FQs were reported
to be associated with more frequent and severe ADEs, 38%eaesidents
were still on FQs ihTCK146) The most common use was as a flisé
treatment of acutecystitis (135) FQs are prescribed in LTCF for common
infectionseven if they are recommended as secdimk treatment options

and already proven to be antimicrobial agemiith higher toxicity.

Similarly, this thesishapter6) and the previously published paper from the

same trial(114) reported a higher proportion of any ADEs (diarrhoea or
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nausea or rash) from amoxicillin compared wilacebo in LRTI patients.
Amoxicillin is a broadpectrum antimicrobial that is recommended as a first

line treatment for lower RTI§339341) The study reported a higher
proportion of diarrhoea in the amoxicillin group compared to placebo and
more often in patients 60 years and older. However, no subgroups of
patients receiving amoxicillin were at dfner risk of any ADEs or specific
ADEs. Even though no subgroups of patients were at risk of developing
specific ADEs, amoxicillin use causes ADEs. Hence, amoxicillin use should be
limited and its ADEs should be considered and discussed with patientgdurin

consultations.

Overall, the two ADE studie€hapter5 and 6) in tis thesis emphasise the

risk of AMU, either in acute or sevefferm. Therefore, their use should be

limited as much as possihleconsidering patient safety. In general,

antimicrobial prdd ONR LJi A2y aK2dzZ R | f gl &a o6S 3IdzAi RSF
judgment. However, there is evidendhat prescribing results from the

demands or pressure from patients patients parties(375377) During a

consultatian visit, possible riskand benefits of antimicrobials should be

discussed with the patient to limit the use of antimicrobials. This would
RSTAYAGSt&@ RSONBIAS (GKS LI GASyGiQa RSYLF YR
reported a reduction in AMU among patisnwho receive information

leaflets on delayed antimicrobial u¢d78) Hence, shared decision making

is crucial in the LTCF to ensure pati€ébtfety and should be included as

important component of the AMS programme. This would help to reduce

AMU and their ADEs.

7.2.5 Methodological considerations

Additional data collection and analysis

Information on the residents and LTCF in HALT studiess collected
independently. Collectiomf information a residens without HAI and/or

AMU on the survey day was not considered during the consecutive HALT
PPS. As a consequence, data obtained from the HALT studies were not

sufficientlypowered to perform detailed analysis. This limits the clesncf
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identifying LTCF level variances and associated risk factors that impacted on
HAI and AMU at the resident level. The additional data collection provided
an opportunity to apply more powerful analyses, with certain limitations.
The additional data ctdction included only 40% of LT,@ich may have
introduced a bias because 60% of the LTCHateepresented Similarly,

the 8month gap between the original HALT data collection (May 2016) and
additional data collection (January 2017) may have an impac the
outcome of the studyeven though significant changes in the resident
population over time were not assumed. However, the comparison of LTCF
that participated in May 2016 and January 2017 data collection did not show
any significant differences inthe dataset. Furthermore, to avoid the
discrepancies that may arise due to larger or smaller number of residents
reported in additional data from the original data, additional data and HALT
2016 data were matchedapter2, Hgure 2.1) The matching wasige on

sex, closst value for age, urinary catheter and disorientation. The matching
has its own limitationK 2 8 S@SNE (G KS O2ftft SOGA2y 2F | ff
from the participating LTCF in the future HALT study will eliminate the
matching as well ashe possible bias that may potentially arise due to this

process.

Multilevel analysis performed with additional limited data on important and
powerful variables in the HAIsTudyrevealed very useful findings compared

to the analysis from aggregated lev®ALT data. The aggregated level HALT
2016 data showed one resident level risk factor (urinary catheter) to be a
significant risk factor for both HAI and AMU in LTCF, while the multilevel
analysis identified a number of LTCF level predic@msswell as aesident

level predictor significantly associated with reduced AMU and HAI. Equally,
the multilevel analysis provided us with the variability in HAI and AMU
between the lIrish LTCF, which could be considered in designing AMS

intervention in LTCF.
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Variables in the HALT study

In the HALT studies, a total of 128 variables were collected from both
residents (46 variables) and LTCF (82 variables). Out of the 82 variables in
the institutional questionnaire, 12 of them were also collected in the
resident questionaire, but only from residents with HAI and/or AMU on the

day of the survey. Example of repeated variables included the presence of a
urinary catheter, vascular catheter, pressure sore, wounds, urinary
incontinence, using a wheelchair or being bedriddeged over 85 years,
male resident, disorientation, the presence of HAI and, AMU, surgery
history and, hospitalization etc. These aggregated variables were collected

for generating denominator data.

Some variables were unnecessarily collected from thetitin®nal
qguestionnaire. For example, residents aged over 85 years can be easily
pulled out fromthe age record of all resideatand number of males from

the sex record. The additional data collection on a limited number of
variables (age, sex, the presenof urinary catheter and disorientation)
could replace the aggregated data collection and proddebust form of

data that can be used for more detailed analysesluding multilevel

analysis.

It also helps to eradicate the issue of repeated variaoléection as well as
reduce data collection time. Therefore, we suggest the collection of basic
information of all residents in the LTCF in future HALT PPS, rather than

collecting variables only from the resident on HAI and/or AMU.

Reporting bias

HALTPPS itself is voluntarwhich might increase the chances of LTCF with
prior knowledge of AMS and HAI prevention participating in the survey. This
could have introduced recording and reporting bias because data collection
by staff from the same facility nyghave some influence on the accuracy of
the information. There is potential for the LTCF to avoid exposing bad
practices due to fear of it having a negative impact on resident numbers.

Even though the data collectors were trained and onsite monitorinigsvis
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were made during the survey, this may not be sufficient because all
information was not necessarily collected in a single day, especially in larger
LTCF. One of the examples of limited understanding of the questionnaire
would be the substantial decreasin the numbers LTCF with AMS
committees (16% in 2010 to 2 % in 2016). In 20th@, figure of16% LTCF
with AMS committee was surprisingas this concept was not that popular

in the context of LTCF at that time. The term AMS committee might have
been well understood with increasing participation and training in the
consecutive surveys, and hence reflected as decreased in LTCF with AMS
committeesin 2016. Another example of recording bias is in relation to oral
vancomycin as a prophylaxis from a singl€E T 2013 while 2016 HALT did
not find any evidence of prophylactic vancomycin use. Therefore, the
involvement of the third party that is independent of LTCF in the information

collection would increase the accuracy of the information on AMU and HAI.

The reporting guidelines on RCT mandate documenting and reporting ADEs
of any medication to the concerned authority (18). The publicatimam

RCTs arenowever, more focused on reporting clinical efficacy rather than
ADEs. The RCTs included in the systemmatiew reported only ADEs that
were more than 1% of the total ADEs, resulting in underreporting and
missing less common ADEs (below 1%). This might have impacted the risk
SAGAYIFGA2Y YR 0AF&a AYUSNLINBOFGAZY
particularlyits harm. Underreporting may be a result of poor monitoring,
missing data, or unclear case definitions in the RCTs. Similarly, othes issue
include the variation in the recording and reporting of ADEs in different RCTs
included in the systematic reviewakations or inconsistencies observed in
reporting were mostly due to ADE reporting based @atient-reported
symptoms or patient diaries. ADEs in some RCTs were based on clinical or
laboratory examinations. Therefore, a collective interpretation of ADEs
obtained from different sources may have resulted in a bias towards patients
reporting ADEshecause the information collected in most of the RCTs were

patient-reported. However, lie risk of bias assessed usithgg chrane
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guideline in the reviewGhapter 5) showed a low risk of reporting bias for
80% of the included studies. Even though the risk of reporting bias was low,
interpretation of the findings from the review should be made cautiously

because of the heterogeneity in the included studies.

7.3  Strenghs and limitations

The HALT PPS in Ireland is aojghlity survey because it usestandard
protocol devised by the EU HALT coordinating teavhich included
validated tools and techniques. In Ireland, since 2010, a number of HALT
studies have been d@nand their reports have been published. Iistihesis,
extended data analysis was done with the HALT dataset. The additional
collection of limited demographic information enriched the HALT data and
allowed more indepth multilevel analysis. The multildvanalysis of
additionally collected data quantified variance between LTCF on HAI and
AMU. The analysis also identified the risk factors at an individual and
institutional level that could potentially be used to develop AMS
programmes, reduce AMR and impve elderly care in LTCF. This is one of
the important and major strengtof thisthesis. Collecting information from

all residents from participating LTCF in future H&WwVeys would avoid the

extra work and improve analysis

Theuse of only secondargnalysis of data might hauanited the author@
ability to understand the practical issues that may arise during data
collection. This may have influenced the interpretation of the study results
to some extent. However, the involvement thfe HALT coordiating team
from HPSC during the data interpretation and discussion would have

minimised the errors to some extent.

Ensuring patient safety is one of the important components of AMS
programme. In tisthesis, the riskof ADE of FQs and amoxicillin as aqust
safety concerrare presented andwe recommendthat these bencluded as

part of shared decision making.
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F are reserved antimicrobials with severe toxicity. In most of the RCTs
included, different types of antimicrobials were used to treat infecsio
rather than placebo. Therefore, the systematic review and reatalysis
compareghe risk of common ADEs of F@#h other antimicrobials that are

prescribed in primary care.

The subgroup analysis of ADEs of amoxicillin in a large RCT conducted for
acue LRTI showedhat anyone can suffer from ADEs and no particular
groups are at higher risk. However, it too had some limitatiassubgroup

analysis of ADEs was not predefined.

The inclusion oftadies from primary care to investigate ADEs in chapter 5
and 6haslimited authors to draw conclusiaor the LTCF setting. However,
based on the findings from primary care, we can specuthtd these
conclusios could also be usedo design and impl@ent the AMS
programme for LTCH general, drug efficadsials are conducted in primary
care ratherthan in the LTCF and in elderly people. In addition, thédR€h

as AECB and CORBPyported in the included trials in FQ study (chapter 5)
most importantlyimply elderly patients. The other important concers a
meta-analysis of thesmall number of ADEs reported in the included trials in
the FQ study. This small number may have caused difficulty in distinguishing
FQsXeal effect from other antimicrobials. However, POR was calculated to

overcome this problen(198)

7.4 Recommendations

1 Participation of LTCF in the consecutive HALT PPS from 2010 did not
show any significant improvement in the HAlI and AMU in Ireland.
However, the results from our analyses provide informat@nfocus

areas for interventions.
o Medical care providedly residenta gersonal GP
o The involvement of the coordinating physicians

o Setting up AMS committees in the LTCF
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o Provide education andraining on appropriate AMU (with
specific aim to limit the se of prophylactic and broaspectrum
AMU)

0 Include information on prescribing guidelines in Irish LTCF in
training and education of all staff, especially GPs and physicians
who prescribe. The training could be linked to Continuing

Professional Developm&(CPD) credits to increase participation.

o Feedback of AMU and surveillance results of IPC practices for
discussion. Electronic systems based on electronic prescribing in

LTCF can provide retine feedback on HAI and AMU.

The presence of a urinary catter is a risk factor for increasedMU
(either therapeutic or, prophylactic or secotide use)which should be

an integral part ofny intervention or education in LTCF.

To reduce AMU for UTI, provide information to discourage prescribing

based on dipgck analyses.

Patient safetyissues in relation to ADEs of AMU shouldelzploredto
allow discussion othe harms and benefits of the AMU as part of shared
decision makingInformation leaflets designed with usérendly key
messages targeting patientgamily, friends, and the general public

should also be considered.

Limited additionally collected informatioron age, sex, the presence of

a urinary catheter and, disorientation increased the power of the study
and should be considered for any future IHAstudies. The inclusion of
all residents in the survey prevents unnecessary collection of duplicate
information. This will also allo&2 variablesto be dropped from the
institutional questionnaire to save time and resourc@le presence of

a urinary atheter, a vascular catheter, pressure sore, wounds, urinary

incontinence, using a wheelchair or bedridden, age over 85 years, male
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residents, disorientation, the presence of HAI, AMU, history of surgery

and, hospitalization).

Furtherresearchis necesary to determine if and how more HCA and/or

nursing staff could support the reduction of AMU and HAI.

More unexplored information is still available in the HALT datdeet
instance in relation to the collected AST information. This area was not
exploredin thisthesis and could further identify if and where AMU, HAI

and risk factordrave a knoclon effect on AMR.
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Authors: MeeraTandanPhilip D Sloane, Kimberly Ward, David J Weber,
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Published Infection Control and Hospital Epidemiology (ICHE)19;
40(7):780786

Authors: Meera TandanMohan Timilsina, Martin Cormican, Akke Vellinga.
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Media coverage of the study (chapter, 2ppendix 3
| 2 SNBR o0& G¢KS {dzyRIFI& ¢AYSas

THE s888&TIMES SUBSCRIBE

Report urges action on antimicrobial
use in Irish care homes

Valerie Flynn

March 31 2019, 1201am,

The Sunday Times

Healeh European Union

Irish people in long-term care were found to be twice as ikely 1o be on antimicrobials compared with the EU average

ALAMY

Anew study has concluded that urgent action is needed to improve Irish nursing
homes’ use of antimicrobials, such as antibioties and antifungals, because of

their extensive use as a preventive measure.

Researchers led by Meera Tandan at NUI Galway compared antimicrobial use in
2013 and 2016 in about 200 long-term care facilities.

International research has indicated that much of the preventive use of
antimicrobials is not backed by evidence or in line with prescribing guidelines.

Inappropriate use can put patients at risk of serious adverse effects and
contributes to the growing problem of antibiotic resistance in bacteria.

Consuming antimicrobials also puts patients at increased risk of colonisation by
antimicrobial-resistant organisms or “superbugs”.
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APPENDIZX

Institutional Questionnaie HALT 2016

==} Healthcare-associated infections and antimicrobial use
u e C in European long-term care facilities (HALT-3)
[ INSTITUTIONAL QUESTIONNAIRE

Remark: It is essential that each facility enrolled in HALT-3 completes this questionnaire as it collects vital data. We
recommend that the person completing this questionnaire is the person in charge of the facility. If this person cannot
answer some of the questions or locate the relevant information, they should request assistance from persons who
are able to answer those questions. This is especially relevant for questions relating to antimicrobial policy.

A — GENERAL INFORMATION

DATE OF THE SURVEY IN YOUR FACILITY L1 1112016

FACILITY STUDY NUMBER (allotted by your national HALT-3 coordinator) L1 11111

OWNERSHIP OF THE FACILITY O Public il For profit O Not for profit
QUALIFIED NURSING CARE AVAILABLE 24/24h IN THE FACILITY O Yes O No
IN THE FACILITY:
Total number of FTE REGISTERED NURSES LL L L 1 FTF registered nurses
Total number of FTE NURSING ASSISTANTS LL_L L 1 F7E nursing assistants
Total number of RESIDENT ROOMS LL L L 1 Rooms
Total number of SINGLE OCCUPANCY RESIDENT ROOMS L1 11 Single occupancy rooms

Total number of SINGLE OCCUPANCY RESIDENT ROOMS WITH ——L—L_1 Rooms with individual
INDIVIDUAL TOILET AND WASHING FACILITIES toilet and washing facilities

B — DENOMINATOR DATA

| This table when completed will summarize the data collected in each ward (ward list) for the total population |

IN YOUR FACILITY, ON THE DAY OF THE SURVEY, TOTAL NUMBER OF:

BEDS IN THE FACILITY (both occupied and non-occupied beds) L
OCCUPIED BEDS L

ELIGIBLE RESIDENTS:

PRESENT AT 8 AM AND NOT DISCHARGED AT THE TIME OF THE SURVEY [
AGE OVER 85 YEARS .
MALE RESIDENTS L
RESIDENTS RECEIVING AT LEAST ONE ANTIMICROBIAL AGENT L
RESIDENTS WITH AT LEAST ONE INFECTION .
RESIDENTS WITH ANY URINARY CATHETER L L
RESIDENTS WITH ANY VASCULAR CATHETER L
RESIDENTS WITH PRESSURE SORES 11
RESIDENTS WITH OTHER WOUNDS L
HALT-3 Institutional Questionnaire 2016 - 2017 1
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RESIDENTS DISORIENTED IN TIME AND/OR SPACE . N
RESIDENTS USING A WHEELCHAIR OR BEDRIDDEN B
RESIDENTS WITH SURGERY IN THE PREVIOUS 30 DAYS e
RESIDENTS WITH URINARY AND/OR FAECAL INCONTINENCE I

C—MEDICAL CARE AND COORDINATION

1. Is medical resident care, including antimicrobial prescribing, in the facility provided by the:
O Personal general practitioners (GP) or group practice(s) only
O Medical staff, employed by the facility only
0 Both personal GPs/group practice(s) and medical doctor(s) employed by the facility

2. Are medical activities in the facility coordinated by a coordinating medical physician (CP)?
O No, there is no internal or external coordination of the medical activity
O Yes, there is a physician from inside the facility (internal) who coordinates the medical activities
O Yes, there is a physician from outside the facility (external) who coordinates the medical activities

O Yes, there is both a physician from inside and outside the facility (internal and external) who
coordinates the medical activities

3. Can any of the following persons consult the medical/clinical records of all residents in the facility?
The physician(s) in charge of medical coordination in the facility? O Yes O No
The nursing staff O Yes O No

D — INFECTION CONTROL PRACTICE

1. Are there persons with training in infection control/prevention available to the staff of the facility?
O Yes O No

2. If a person with training in infection control/prevention is available, is this person:
O Anurse O A doctor O There is both a nurse and a doctor

Is this/are these person(s):
O Working in the facility (internal)
O Not working in the facility (external)

O There is both an internal and an external person

3. In the facility, is/are there:
(Please complete this question even if there is no person with training in infection control/prevention
available in the facility)

O Infection prevention and control training of the nursing and paramedical staff

O Appropriate training of general practitioners and medical staff in infection prevention and control
O Development of care protocols

O Registration of residents colonized/infected with multi-resistant microorganisms

O Designation of a person responsible for reporting and management of outbreaks

0O Feedback on surveillance results to the nursing/medical staff of the facility

HALT-3 Institutional Questionnaire 2016 - 2017 2
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O Supervision of disinfection and sterilization of medical and care material

O Decisions on isolation & additional precautions for residents colonized with resistant
microorganisms

O Offer of annual immunisation for flu to all residents
O Organization, control, feedback on hand hygiene in the facility on a reqular basis

O Organization, control, feedback of a process surveillance/audit of infection policies and procedures
(on regular basis)

O None of the above

4. In the facility, is there an infection control committee (internal or external)? O Yes O No

5. How many infection control committee meetings were organized in the previous year?

Total number of meetings last year? LL_L 1 meetings previous year

6. Can the facility ask for help and expertise from an external infection control (IC) team on a formal basis
(e.g. ICteam from a local hospital)?

O Yes O No

7. In the facility, is a written protocol available for:

- the management of MRSA and/or other multidrug resistant O Yes O No
microorganisms

- hand hygiene O Yes O No

- the management of urinary catheters O Yes O No

- the management of venous catheters/lines O Yes O No

- the management of enteral feeding O Yes O No

8. Is a surveillance programme of healthcare-associated infections in place in the facility? (annual summary
report of number of urinary tract infections, respiratory tract infections, etc...)

O Yes O No

9. In the facility, which of following products are available for hand hygiene?

- Alcohol rub solution O Yes O No
- Wipes (alcoholic) O Yes O No
- Liquid soap (antiseptic/ other) O Yes O No
- Bar soap in clinical areas O Yes O No

10. Which hand hygiene method is most frequently used in your facility when hands are not soiled (only
one answer is possible)?

O Hand disinfection with an alcohol solution
O Hand washing with water and a non antiseptic soap

[0 Hand washing with water and an antiseptic soap

11. How many litres of hand alcohol were used last year?
Total annual consumption in litres LL_L 1 jjtres last year

12. Last year, was a hand hygiene training session organized for care professionals of the facility?

HALT-3 Institutional Questionnaire 2016 - 2017 3
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O Yes O No

13. How many hand hygiene opportunities were there observed in your facility last year?

Number of observed opportunities LL_L L L 1 opportunities last year

E—ANTIMICROBIAL POLICY

1. Does the facility use a ‘restrictive list’ of antimicrobials to be prescribed? (prescription requiring
permission of a designated person or not to be used)

O Yes O No

2. If a restrictive list exists, what kinds of antibiotics are restricted?
O Carbapenems
O 3rd generation cephalosporins
O Fluoroquinolones
O Vancomycin
O Mupirocin
O Glycopeptides
O Broad-spectrum antibiotics

O Intravenously administered antibiotics

3. Which of following elements are present in the facility?
O An antimicrobial committee
O Annual regular training on appropriate antimicrobial prescribing
O Written guidelines for appropriate antimicrobial use (good practice) in the facility
O Data available on annual antimicrobial consumption by antimicrobial class

O A system to remind healthcare workers of the importance of microbiological samples to inform the
best antimicrobial choice

O Local (i.e. for that region/locality or national if small country) antimicrobial resistance profile
summaries available in the LTCF or in the GP surgeries who prescribe

0 A system that requires permission from a designated person(s) for prescribing of restricted
antimicrobial, not included in local formulary

O Advice from a pharmacist for antimicrobials not included in the formulary
O A therapeutic formulary, comprising a list of antibiotics

O Feedback to the GPs on antimicrobial consumption in the facility

O None of the above

4. If written therapeutic guidelines are present in the facility, are they on:

- Respiratory tract infections? O Yes O No
- Urinary tract infections? O Yes O No
- Wound and soft tissue infections? O Yes O No

5. Do you perform a urine dipstick test for detection of urinary tract infections in the facility?

O Routinely O Sometimes O Never
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6. Is a programme for surveillance of antimicrobial consumption and feedback in place in the facility?
O Yes O No

7. Is a programme for surveillance of resistant microorganisms in place in the facility? (annual summary
report for MRSA, Clostridium difficile, etc)

O Yes O No

8. How are antimicrobials supplied to your facility? (only one answer possible)
O Provided by more than one pharmacy
O Provided by one pharmacy only

O This facility does not acquire antimicrobials directly from pharmacies; antimicrobials are acquired
by residents directly (e.g. supplied by the family)

9. How many microbiological laboratories do you work with? (only one answer possible)
[0 More than one microbiological laboratory
O One single microbiological laboratory

O This facility does not send microbiological samples to any laboratories; each visiting general
practitioner can work with his microbiological laboratory of choice.

F — HOW WAS THE SURVEY PERFORMED IN YOUR FACILITY?

1. Who collected the HALT-3 data (incl. institutional and resident questionnaires)?
O A physician
O Anurse

O Another person

2. If no physician was involved in the HALT-3 data collection (institutional and resident questionnaires), did
a physician validate the data?

O Yes O No

The HALT-3 team thanks you for your participation!
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APPENDIZ

Resident Questionnaire HALT 2016

RESIDENT STUDY NUMBER I_I_I_I_

‘a%% Healthcare-associated infections and antimicrobial use
e C in European long-term care facilities (HALT-3)
[

RESIDENT QUESTIONNAIRE

RESIDENT DATA

GENDER O Male 0  Female
BIRTH YEAR | | | |
(YYYY)
LENGTH OF STAY IN THE FACILITY O  Less than one year O  One year or longer
ADMISSION TO A HOSPITAL
O VYes O No
IN THE LAST 3 MONTHS
SURGERY IN THE PREVIOUS 30 DAYS O VYes O No
PRESENCE OF:
URINARY CATHETER O VYes O No
VASCULAR CATHETER O VYes O No
INCONTINENCE
O VYes O No
(URINARY AND/OR FAECAL)
WOUNDS
- PRESSURE SORE O VYes O No
- OTHER WOUNDS O VYes O No
DISORIENTATION
O VYes O No

(IN TIME AND/OR SPACE)

MoBILITY O  Ambulant 0  Wheelchair O Bedridden

On the day of the survey, the resident:
[0 RECEIVES AN ANTIMICROBIAL AGENT —>COMPLETE PARTA
This includes: (i) Residents receiving prophylactic antimicrobials
OR (ii) Residents receiving therapeutic antimicrobials

[0 PRESENTS CONFIRMED OR PROBABLE INFE(.TION(S) —» COMPLETE PARTB
Residents with infection(s) AND resident not receiving antimicrobials

O BOTH: ANTIMICROBIAL USE AND INFECTION(S) —» COMPLETE PARTA & B
This includes: (i) Residents with infection(s) AND receiving antimicrobials today (whether or not linked to same
infection site)
OR (ii) Residents whose signs/symptoms of an infection have resolved but who are still receiving
antimicrobials for that infection
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RESIDENT STUDY NUMBER I_LI_L

PART A: ANTIMICROBIAL USE

ANTIMICROBIAL 1 ANTIMICROBIAL 2 ANTIMICROBIAL 3 ANTIMICROBIAL 4

ANTIMICROBIAL NAME
ADMINISTRATION ROUTE 0 Oral 0 Oral 0 Oral 0 Oral

O Parenteral O Parenteral O Parenteral O Parenteral
PARENTERAL= IM, IV OR SC O Other O Other O Other O Other
END DATE / REVIEW DATE OF O No O Yes 0 No O Yes O No O Yes O No O Yes
TREATMENT KNOWN?
TYPE OF TREATMENT O Prophylactic O Prophylactic O Prophylactic O Prophylactic

0 Therapeutic 0 Therapeutic O Therapeutic 0 Therapeutic
ANTIMICROBIAL GIVEN FOR 0 Urinary tract 0 Urinary tract 0 Urinary tract O Urinary tract

O Genital tract 0 Genital tract 0 Genital tract 0 Genital tract

0 Skin or wound 0O Skin or wound O Skin or wound 0 Skin or wound

O Respiratory tract O Respiratory tract O Respiratory tract O Respiratory tract

0 Gastrointestinal O Gastrointestinal 0 Gastrointestinal O Gastrointestinal

0 Eye 0 Eye 0 Eye 0 Eye

0 Ear, nose, mouth O Ear, nose, mouth O Ear, nose, mouth O Ear, nose, mouth

O Surgical site 0 Surgical site O Surgical site 0 Surgical site

O Tuberculosis O Tuberculosis O Tuberculosis O Tuberculosis

O Systemic infection | O Systemic infection | O Systemic infection | O Systemic infection

O Unexplained fever | O Unexplained fever | O Unexplained fever | O Unexplained fever

0 Other (specify) 0 Other (specify) 0 Other (specify) 0 Other (specify)
WHERE PRESCRIBED? O In this facility O In this facility O In this facility O In this facility

0 In the hospital O In the hospital O In the hospital 0 In the hospital

0 Elsewhere 0 Elsewhere 0 Elsewhere 0 Elsewhere

PART B: HEALTHCARE-ASSOCIATED INFECTIONS

INFECTION 1 INFECTION 2 INFECTION 3 INFECTION 4
INFECHON CODE NN T A S I T A Y T I I A |
IF “OTHER’, PLEASE SPECIFY

PRESENT AT (RE-)JADMISSION 0 No O Yes O No O Yes O No O Yes O No O Yes
DATE OF ONSET (DD/MM/Y) {19 VY O GO VO Q) AN 01 O A 10 T A A /O O [ A OO /O
ORIGIN OF INFECTION O Current LTCF O Current LTCF O Current LTCF O Current LTCF

O Other LTCF O Other LTCF O Other LTCF O Other LTCF

0 Hospital 0 Hospital 0 Hospital 0 Hospital

O Unknown 0 Unknown O Unknown O Unknown
A. NAME OF oA (LD 0 G P 4 [fdff 0 @ | b e § [ g g 4
ISOLATED
MICROORGANISM | 1] 1) L L
(PLEASE USE CODE LIST) B
B. TESTED PR A P ) S 5 55 55 () R I S | 1% B S (U
ANTIMICROBIAL(S) 027N Y A O T NN I N R N N O O O I s O O 0
AND RESISTANCE
ONLY FOR STAAUR, § , S S U | pal g 0 gL EL W I R TN | el g a4
ENC***, ACIBAU,
P ; RS IS ) [ . | | 5 O I [ R B S S E | Vi 551 5T [ #T |
SN TRRCAALTEAGTAL 3A | Lt g A T N T T T T T
(GT***,ENB**‘,
EsCCOL, KLE***, R T O A placie . g L 10 O V| g by gy
MOGSPP, PRT***, B
SER**¥) A ld A4 ORC 7\ I A | R . O T | g Ly
Tested antibiotic(s): STAAUR: oxacillin (OXA) or glycopeptides (GLY); ENC***: GLY only; Enterobacteriaceae:3'd-gen- phalosporins (C3G) or carbap
(CAR); PSEAER and ACIBAU: CAR only. ?Resistance: S=sensitive, I=intermediate, R=resistant, U=unk
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RESIDENT STUDY NUMBER |_|_I_I_

Healthcare-associated infections and antimicrobial use
in European long-term care facilities (HALT-3)

CASE DEFINITIONS OF INFECTIONS

IMPORTANT REMARK:

All active infections present on the day of the survey should be reported. An infection is active when signs/symptoms of the infection are
present on the survey date OR signs/symptoms were present in the past and the resident is (still) receiving treatment for that infection on
the survey date. The presence of symptoms and signs in the two weeks (14 days) preceding the PPS day should be verified in order to
determine whether the treated infection matches one of the case definitions.

Infections can only be reported as ‘imported’ for residents recently transferred from another healthcare facility (i.e. hospital or other LTCF)
and still treated for an infection on the PPS day in the absence of documentation on (all) signs/symptoms that were present in the past.

*  Fever: 1) single > 37.8°C oral/tympanic membrane or 2) repeated > 37.2°C oral or > 37.5°C rectal or 3) > 1.1°C over baseline from
any site (oral, tympanic, axillary)

Leucocytosis: 1) Neutrophilia > 14,000 Ieucocytes/mm3 or 2) left shift (>6% bands or 2 1500 bands/mms)

§  Acute change in mental status from baseline: Acute onset + fluctuating course + inattention AND either disorganized thinking or
altered level of consciousness

Acute functional decline: New 3 point increase in total ADL score (Range 0-28) from baseline based on 7 ADL items (bed mobility,
transfer, locomotion, dressing, toilet use, personal hygiene, eating) each scored from 0 (independent) - 4 (total dependence) OR
increased dependency defined by scales other than ADL

*%

88

URINARY TRACT INFECTIONS

0 Resident without a urinary catheter 0 Resident with a urinary catheter

|

v

v

SIGNS/SYMPTOMS
AT LEAST ONE OF THE FOLLOWING (®, @ or @) CRITERIA:

0 ® Acutedysuria OR acute pain/swelling or tenderness of
the testes, epididymis, or prostate

0 @ Fever* OR leukocytosis**
AND

One or more of the following:

O Acute costovertebral angle pain

O Suprapubic pain/tenderness

O Gross hematuria
O New or marked increase in frequency
O New or marked increase in urgency
O New or marked increase in incontinence
)]

SIGNS/SYMPTOMS

AT LEAST ONE OF THE FOLLOWING (®, @, @ or @)
CRITERIA:

0 ® Fever*, rigors, OR new onset hypotension with NO
alternate site of infection

0 @ Acute change mental status § OR acute functional
decline §§ with NO alternate diagnosis AND
leukocytosis**

0 @ New onset suprapubic or costovertebral angle pain
or tenderness

O @ Purulent discharge around catheter or acute pain,
swelling or tenderness of testes, epididymis, or

0 Not Done, negative or test results unknown
O  Urine culture done AND:

O At least 10° cfu/ml of no more than 2 species of micro-
organisms in a voided urine sample
OR
O Atleast 10° cfu/ml of any number of organismsin a
specimen collected by in-and-out catheter

a Two or more (in the absence of fever or leucocytosis): prostate
O Frequency (new/increased) 0  Suprapubic pain
O Urgency (new/increased) 0O  Gross hematuria
O Incontinence (new/increased)
v A
INE CULTURE INE CULTURE

0 Notdone, negative or test results unknown
O  Urine culture done AND:

O Atleast 10° cfu/ml of any organism(s) in a urinary
catheter specimen

L

INFECTION CONFIRMATION

) Signs/symptoms AND urine culture positive:

(hospital or other LTCF infections only)

m} Infection treated on PPS day but no documentation of signs/symptoms

INFECTION CONFIRMED (= UTI-C)

a Signs/symptoms AND urine culture not done, negative or results unknown: INFECTION PROBABLE (= UTI-P)

INFECTION IMPORTED (= UTI-I)
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RESPIRATORY TRACT INFECTIONS

RESIDENT STUDY NUMBER I_I_I_l_

COMMON COLD or PHARYNGITIS
AT LEAST TWO OF THE FOLLOWING CRITERIA:

FLU diagnosis can be made also outside the Flu season

BOTH OF THE FOLLOWING CRITERIA MUST BE MET:

O Runny nose or sneezing O Fever (for definition see top of page 3)
O Stuffy nose (i.e. congestion) AND
[ Sore throat or hoarseness or difficulty in swallowing O At least three of the following:
O Dry cough O  Chills
O Swollen or tender glands in the neck (cervical O New headache or eye pain
lymphadenopathy) O Myalgias or body aches
O Malaise or loss of appetite
O Sorethroat
O New or increased dry cough
\ 4 l
INFECTION CONFIRMATION INFECTION CONFIRMATION

O Infection criteria fully met: INFECTION CONFIRMED
(=coLb-C)

O Infection treated on PPS day but no documentation of
signs/symptoms: INFECTION IMPORTED
(hospital or other LTCF only) (= COLD-1)

O Infection criteria fully met:  INFECTION CONFIRMED
(=FLU-C)

O Infection treated on PPS day but no documentation of
signs/symptoms: INFECTION IMPORTED
(hospital or other LTCF only) (= FLUA)

LOWER RESPIRATORY TRACT INFECTIONS

O Resident with a POSITIVE chest x-ray for pneumonia or a
new infiltrate

O Resident without a POSITIVE chest x-ray for pneumonia
or a new infiltrate OR chest x-ray not done

SIGNS/SYMPTOMS
BOTH OF THE FOLLOWING CRITERIA MUST BE MET:

O At least one of respiratory signs or symptoms:
New or increased cough
New/increased sputum production
0, saturation < 94% or reduced >3% from baseline
Abnormal lung examination (new or changed)
Pleuritic chest pain
Respiratory rate > 25 breaths/min
AND
0O One or more constitutional signs/symptoms (fever,
leucocytosis, confusion, acute functional decline; for
definitions see top of page 3 §§)

oooooo

SIGNS/SYMPTOMS
BOTH OF THE FOLLOWING CRITERIA MUST BE MET:

O Atleast two of respiratory signs or symptoms:
New or increased cough
New/increased sputum production
0, saturation < 94% or reduced >3% from baseline
Abnormal lung examination (new or changed)
Pleuritic chest pain
Respiratory rate 2 25 breaths/min
AND
O One or more constitutional signs/symptoms (fever,
leucocytosis, confusion, acute functional decline; for
definitions see top of page 3 §§)

oooooo

Absence of other conditions such as chronic heart failure that could account for symptoms

v

|

INFECTION CONFIRMATION

0 Signs/symptoms criteria met AND chest x-ray positive:
PNEUMONIA INFECTION CONFIRMED (= PNEU-C)

0 Infection treated on PPS day but no documentation of
signs/symptoms (hospital or other LTCF only):
PNEUMONIA INFECTION IMPORTED (= PNEU-I)

INFECTION CONFIRMATION

O Infection criteria fully met:
OTHER LOWER RTI CONFIRMED (= LRTI-C)

0 Infection treated on PPS day but no documentation of
signs/symptoms (hospital or other LTCF only):
OTHER LOWER RTI IMPORTED (= LRTI-I)
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SKIN INFECTIONS

RESIDENT STUDY NUMBER I_I_I_I_

CELLULITIS/SOFT TISSUE/WOUND INFECTIONS
ONE OF THE FOLLOWING (® or @) CRITERIA MUST BE MET:
0 © Pus atawound, skin, or soft tissue site

O © Four or more new or increasing signs/symptoms at
affected site:
Heat
Tenderness or pain
Redness
Serous drainage
Swelling
One constitutional sign/symptom (fever,
leucocytosis, confusion, acute functional decline;
for definitions see top of page 3)

oooooo

SCABIES
BOTH OF THE FOLLOWING CRITERIA MUST BE MET:

O Maculopapular and/or itching rash
AND

O Atleast one of the following:

O  Physician diagnosis

O Laboratory confirmation (positive scraping or

biopsy)
O Epidemiological linkage to a case of scabies with lab
confirmation

v

INFECTION CONFIRMATION
O Infection criteria fully met:  INFECTION CONFIRMED
(= SKIN-C)

O Infection treated on PPS day but no documentation of
signs/symptoms: INFECTION IMPORTED
(hospital or other LTCF only) (= SKIN-1)

INEECTION CONFIRMATION

O Infection criteria fully met:  INFECTION CONFIRMED
(=SCAB-C)

O Infection treated on PPS day but no documentation of
signs/symptoms: INFECTION IMPORTED
(hospital or other LTCFonly) (= SCAB-l)

NOTE:

If the infection matches one of the Surgical Site Infection (SSI)
definitions, please give priority to the SSI. Do not apply another
case definition for the same infection.

HERPES SIMPLEX OR ZOSTER INFECTION
BOTH OF THE FOLLOWING CRITERIA MUST BE MET:

O Avesicular rash
AND
O Physician diagnosis or laboratory confirmation

FUNGAL INFECTION
BOTH OF THE FOLLOWING CRITERIA MUST BE MET:

O Characteristic rash or skin lesions
AND
O  Physician diagnosis or lab confirmed fungal pathogen

!

from scraping or biopsy

INFECTION CONFIRMATION
O Infection criteria fully met:  INFECTION CONFIRMED
(= HERP-C)

0 Infection treated on PPS day but no documentation of
signs/symptoms: INFECTION IMPORTED
(hospital or other LTCF only) (= HERP-I)

INFECTION CONFIRMATION
O  Infection criteria fully met: INFECTION CONFIRMED

(= FUNG-C)

O Infection treated on PPS day but no documentation of
signs/symptoms: INFECTION IMPORTED

(hospital or other LTCFonly) (= FUNG-I)
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RESIDENT STUDY NUMBER I_LI_I_

SURGICAL SITE INFECTIONS

Infection occurs within 30 days after the operation date if no implant is left in place or within 90 days if implant is in place ’

\ J Y

SUPERFICIAL INCISIONAL DEEP INCISIONAL ORGAN/SPACE

BOTH OF THE FOLLOWING CRITERIA BOTH OF THE FOLLOWING CRITERIA BOTH OF THE FOLLOWING CRITERIA

MUST BE MET: MUST BE MET: MUST BE MET:

O Infection involves only skin and O Infection appears to be related O Infection appears to be related
subcutaneous tissue of the to the operation and infection to the operation and infection
incision involves deep soft tissue (e.g. involves any part of the

AND fascia, muscle) of the incision anatomy (e.g. organs and
0 Atleast one of the following: AND spaces) other than the incision
O Purulent drainage with or 0 Atleast one of the following: which was opened or
without laboratory O Purulent drainage from the manipulated during an
confirmation, from the deep incision but not from operation
superficial incision the organ/space component AND
O Organisms isolated from an of the surgical site O Atleast one of the following:
aseptically obtained culture O Adeep incision O Purulent drainage from a
of fluid or tissue from the spontaneously dehisces or is drain that is placed through a
superficial incision deliberately opened by a stab wound into the
O At least one of the following surgeon when the patient organ/space
signs or symptoms of has at least one of the O Organisms isolated from an
infection: following signs or symptoms: aseptically obtained culture
O Tenderness or pain fever (>38 °C), localised pain of fluid or tissue in the
O Localised swelling or tenderness, unless incision organ/space
O Redness is culture-negative. O Anabscess or other evidence
O Heat O An abscess or other evidence of infection involving the
AND of infection involving the organ/space that is found on
Superficial incisional SSI deep incision is found on direct examination, during
made by a surgeon or direct examination, during reoperation, or by
attending physician reoperation, or by histopathologic or radiologic
histopathologic or radiologic examination
examination. O Diagnosis of organ/space SSI
O Diagnosis of deep incisional made by a surgeon or
SSI made by a surgeon or attending physician
attending physician
A v v
INFE 1 INFE Fi INFECTION CONFIRMATION
O Infection criteria fully met: O Infection criteria fully met: 0O Infection criteria fully met:
INFECTION CONFIRMED INFECTION CONFIRMED INFECTION CONFIRMED
(=55S1-C) (= DSSI-C) (= 0SSI-C)

O Infection treated on PPS day but O Infection treated on PPS day but O Infection treated on PPS day but
no documentation of signs/ no documentation of signs/ no documentation of signs/
symptoms (hospital or other LTCF symptoms (hospital or other LTCF symptoms (hospital or other LTCF
only): only): only):

INFECTION IMPORTED INFECTION IMPORTED INFECTION IMPORTED
(=SSSI-1) (= DSSI-1) (= 0SSHH)

NOTE:

case definition for the same infection.

If the infection matches one of the Surgical Site Infection (SSI) definitions, please give priority to the SSI. Do not apply another

HALT-3 Resident questionnaire 2016 - 2017

168



Appendix 3

EYE, EAR, NOSE AND MOUTH INFECTIONS

RESIDENT STUDY NUMBER I_I_LL

CONJUNCTIVITIS

ONE OF THE FOLLOWING (®, @ or ®) CRITERIA MUST BE
MET:

0 © Pusappearing from one or both eyes, present for at
least 24 hours

0 @ New or increased conjunctival erythema, with or
without itching

O @ New or increased conjunctival pain, present for at
least 24 hours

Symptoms must not be due to allergy or trauma to the

EAR
ONE OF THE FOLLOWING (® or @) CRITERIA MUST BE MET:
O © Diagnosis by a physician of any ear infection

O @ New drainage from one or both ears
(non-purulent drainage must be accompanied by
additional symptoms, such as ear pain or redness)

conjunctiva

INFECTION CONFIRMATION
O Infection criteria fully met:  INFECTION CONFIRMED

(=CONJ-C)
0 Infection treated on PPS day but no documentation of
signs/symptoms: INFECTION IMPORTED
(hospital or other LTCFonly) (= CONJ-I)

INFECTION CONFIRMATION

0 Infection criteria fully met:  INFECTION CONFIRMED
(= EAR-C)

0O Infection treated on PPS day but no documentation of
signs/symptoms: INFECTION IMPORTED
(hospital or other LTCFonly) (= EAR-l)

SINUSITIS

0O Ssinusitis diagnosed by physician

Y

ORAL CANDIDIASIS

BOTH OF THE FOLLOWING CRITERIA MUST BE MET:
O Presence of raised white patches on inflamed mucosa OR
plagues on oral mucosa
AND
O Diagnosed by a dentist or a physician

INFECTION CONFIRMATION
O Infection criteria fully met: INFECTION CONFIRMED

INFECTION CONFIRMATION.
O  Infection criteria fully met: INFECTION CONFIRMED

(= SINU-C) (= ORAL-C)

O Infection treated on PPS day but no documentation of O Infection treated on PPS day but no documentation of
signs/symptoms: INFECTION IMPORTED signs/symptoms: INFECTION IMPORTED
(hospital or other LTCFonly) (= SINU-1) (hospital or other LTCF only) (= ORAL-I)
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