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1

Antibiotics,themiracledrugsofthe20thcentury
Antibiotics are referred to as the miracle drugs of the 20th century.1,2 With their
introductioninthe1930s,manyformerlyfatalinfectiousdiseasesbecametreatable.
Ever since, millions of lives have been saved, and outcomes for millions of patients
have improved.3 Nevertheless, only one year after the widespread use of the first
antibiotic(i.e.penicillin),thebacteriumtargetedbythisantibiotic(i.e.Staphylococcus
aureus)developedresistanceagainstit.2More(classesof)antibioticsweredeveloped
in the years that followed, and bacteria responded by developing a variety of
mechanisms to resist them.46 The ability of bacteria to adapt to their environment
makes antibiotics a unique drug class as, unlike most other pharmaceuticals, their
effectivenessdiminishesovertime.4,7Thisprocessisacceleratedbythe(over)useof
antibiotics, both in human and in veterinary medicine, because antibiotic
consumptionisthemaindriverofantibioticresistance.4,5,8Todate,worrisomelevels
of antibiotic resistance have been reached worldwide.1,6 At the same time, the
development of new (classes of) antibiotics by pharmaceutical companies has
stagnated.5Animportantreasonforthisisthelimitedprofitabilityofantibiotics,asa
consequence of: 1) the short treatment duration (compared to drugs for chronic
conditions),2)thefactthatsoonerorlaterresistanceagainstthedrugwillevolve,and
3) the restricted use of new antibiotics as physicians are encouraged to prescribe
them only when no other antibiotic options are available.3,5 Another reason for the
lack of investments in antibiotic development by pharmaceutical companies are the
increasingdifficultiesinidentifyingnewantibiotics.5

These developments – the increase in antibiotic resistance and decrease in the
developmentofnewantibiotics–triggeredcallsforaction.1,5,7Ifnoeffortsarebeing
made to bring these developments to a halt, we will enter a ‘postantibiotic era’,
where no effective antibiotic treatment will be available for common infections, as
well as for a variety of other medical interventions that rely on antibiotics for the
prevention or treatment of complications (e.g. cancer treatment, surgery, organ
transplantation, and neonatal care).1,3,5 This will lead to disastrous increases in
mortalityandmorbidity.3,5Forthisreason,antibioticresistanceisregardedasoneof
thebiggestthreatstohumanhealth.4

Therearethreemainstrategiestopreserveantibiotics,themiracledrugsofthe20th
century, as resources for future generations.4,5 The first is to stimulate and support
the development of new (classes of) antibiotics. The second strategy includes
infectionpreventionandcontrol:thefewerinfectionsthereare,thefewerantibiotics
areneeded.Thisthesisfocusesonthethirdstrategy,antibioticstewardship,whichis
describedinthenextparagraph.



11



Chapter1





Antibioticstewardship
Antibioticstewardshipisdefinedas:activitiesthataimtopromoteappropriateuseof
antibiotics, thereby maximizing clinical outcomes while at the same time limiting
unintended consequences.9 ‘Unintended consequences’ mainly refers to antibiotic
resistance development, but they also include adverse drug events and healthcare
costs.‘Appropriateuseofantibiotics’isdefinedas:onlyprescribingantibioticswhen
there is a clinical indication to do so, and if antibiotics need to be prescribed, to
optimizedrugselection,dosing,administration,anddurationoftherapy.Examplesof
antibioticstewardshipactivitiesincludeauditandfeedbackonprescribingbehaviour,
education, the development of diagnostic and therapeutic guidelines, formulary
restrictions,andpreauthorizationofprescribingspecificdrugs.Antibioticstewardship
programs that incorporate such activities have been shown to limit antibiotic
resistance development in hospital settings.9,10 However, limited research on
antibioticstewardshipinterventionsisavailableforotherhealthcaresettingsincluding
general practices and longterm care facilities (LTCFs).9,11,12 This thesis focuses on
antibioticstewardshipinLTCFs.


TheneedforantibioticstewardshipinLTCFs
LTCFs are institutions that provide living accommodation and health care to people
whoareunabletoliveindependentlyinthecommunity.12Theyincludenursinghomes
(NHs),residentialcarefacilities(RCFs),LTCFsforpersonswithintellectualdisabilities,
and psychiatric hospitals. The research presented in this thesis focuses on NHs and
RCFs,whichaccommodatemainlyolderpeople.

In 2009, the Netherlands counted 1,131 RCFs, 479 NHs, and 290 combined facilities
(i.e. RCFs with specialty NH units).13 In the same year, these facilities altogether
accommodated approximately 120,000 residents.14 A difference between NHs and
RCFs is that RCF residents require less intense care, although this difference is
becominglessobviousduetoincreasingcareneedsinRCFresidents.15Nevertheless,
NHresidentsgenerallyhavemoredisabilitiesandneedmorehelpwiththeiractivities
ofdailyliving.Theyresideinthreetypesofcareunits:1)somaticunits,forphysically
disabledresidents,2)psychogeriatricunits,mostlyforresidentswithdementia,and3)
rehabilitation units.16 Another difference between NHs and RCFs involves the
provision of medicalcare. Medical care inRCFs isprovidedby general practitioners,
whooperatefromtheirownpractice.Onthecontrary,medicalcaretoNHresidentsis
provided by elderly care physicians (formerly called nursing home physicians), who
areemployedby,andbasedinNHs.TheNetherlandsistheonlycountryintheworld
where ‘the elderly care physician’ is a distinct medical specialty. In other countries,
medicalcareinNHsisprovidedbygeneralpractitionersorbyhospitalspecialistsona
consultationbasis.HavinganonsitephysicianspecializedinthecomplexcareforNH
residents has several advantages. For example, it facilitates the physicianpatient
relationshipandpromotescollaborationbetweenthephysicianandotherdisciplines
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inthe NH (i.e.nursing staff,physiotherapists, psychologists,occupationaltherapists,
speech therapists, dieticians, social workers, pastoral workers, and recreational
therapists).16,17

ResidentsofNHsandRCFsintheNetherlandshaveseveralcharacteristicsincommon.
Theirmeanageiscomparable(i.e.RCFs:84,NHs:80),andmostresidents(77%)are
female.16,18Inaddition,manyresidentsinbothtypesoffacilitiessufferfromdeclined
immune function, functional disabilities, and multiple comorbidities. These ageing
related characteristics make residents more susceptible to infectious diseases. The
risk of acquiring infectious diseases is further increased by factors related to
institutionalized living, such as shared dining and social activities, and close contact
withhealthcareworkersandmedicalequipment.19,20

Indeed,infectionsarecommonamongLTCFresidentsand,asaconsequence,soisthe
use of antibiotics.2023 In a threeyear annual pointprevalence study in the
Netherlands, it was found that 6.6% of the NH residents received antibiotics on the
daysofthesurvey.21Asimilarpointprevalenceof6.5%wasreportedforDutchNHsin
aEuropeanstudy.24TherearenostudiesthatreportonantibioticuseinDutchRCFs,
butfindingsfromothercountriessuggestthattheprevalenceofantibioticprescribing
in RCFs is similar to the prevalence in NHs.25,26 Based on the aforementioned
European study, the level of antibiotic use in NHs in the Netherlands is average
compared with other European countries: 12 countries had lower pointprevalence
rates and 7 countries had higher pointprevalence rates.24 This contradicts the
reportingoftheNetherlandsasthecountrywiththelowestoutpatientantibioticuse
in Europe,27 and suggests room for improving antibiotic use in the longterm care
setting.

The substantial use of antibiotics has led to increased antibiotic resistance in
LTCFs.11,28 Forexample, two recent Dutch studies reportedthat antibiotic resistance
has resulted in a decline in antibiotic treatment options for urinary tract infections
caused byEscherichia coli.29,30 Further, there is increasingevidence that LTCFs serve
asareservoirfortransmissionofresistantorganismstootherhealthcaresettings(e.g.
hospitals, the community), and vice versa.11,3032 Considering these developments
regarding (transmission of) antibiotic resistance, antibiotic stewardship efforts are
muchneededinLTCFs.


ConsiderationsregardingantibioticstewardshipinLTCFs
Thelongtermcaresettingisaparticularlychallengingsettingforthedevelopmentof
antibiotic stewardship interventions.11 Decisionmaking regarding antibiotic
prescribing is often complicated by difficulties in diagnosing an infectious disease in
residents.Thelattercanbeduetoatypicalpresentationofsymptoms,thepresenceof
multiplecomorbidities,difficultiesinobtainingspecimensfordiagnostictesting,and
13
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communication difficulties caused by cognitive impairments or hearing and speech
difficulties.Thelackofonsitediagnosticresources,andthedependenceofphysicians
onnursingstafffortheassessmentofsignsandsymptomscanfurthercomplicatethe
establishmentofaproperdiagnosis.11,3234Forthehospitalsetting,threecategoriesof
factorsthatinfluenceantibioticprescribingdecisionswereidentified:culturalfactors
(e.g. different ideas about antibiotic use in different countries), contextual factors
(e.g.pressurefrompeersorpatients,availabilityofguidelines,organizationofcare),
andbehaviouralfactors(e.g.attitudestowardsantibioticuse,dealingwithdiagnostic
uncertainty).35 Such factors are likely to also apply to other healthcare settings,
includingthelongtermcaresetting. Given thecomplex patient population, andthe
varietyoffactorsanddisciplinesinvolvedinantibioticprescribingdecisionmakingin
LTCFs,itiscrucialtoconsiderlocalfacilitatorsandbarrierspriortothedevelopment
andimplementationofantibioticstewardshipprograms.11,35,36


Participatoryactionresearch(PAR)
Participatoryactionresearch(PAR)isanapproachthataccountsforlocalfacilitators
and barriers in its aim to improve practice. This is achieved by a close collaboration
between researchers and local stakeholders, latter of which are referred to as ‘co
researchers’. Local stakeholders are involved in a cyclical process including: 1) the
identification of opportunities for improved practice (i.e. planning action), 2) the
development and implementation of tailored interventions directed at these
opportunities (i.e. taking action), and 3) the evaluation of the implemented
interventions (i.e. reflecting on action).37,38 Given these characteristics, PAR is
considered a suitable approach to complex issues. The approach has been applied
increasingly in healthcare research over the past decades,39 however, to our
knowledge there are no reports on its application to the development of antibiotic
stewardshipinterventions.


Problemstatement,hypothesis&objectives
ThelevelsofantibioticuseandantibioticresistancearesubstantialinNHsandRCFs,
yet research on antibioticstewardship interventions in these settings is lacking. The
longterm care setting is a particularly challenging setting for the development of
antibioticstewardshipinterventions,duetothecomplexpatientpopulation,andthe
multiplefactorsanddisciplinesinvolvedinantibioticprescribingdecisionmaking.

This thesis describes the Improving Rational Prescribing of Antibiotics in LongTerm
Care Facilities (IMPACT) study, which was conducted in NHs and RCFs in the
Netherlands. A PAR approach was incorporated in the design of the IMPACT study.
Wehypothesizedthatthebottomupnatureofthisapproachmayresultineffective
developmentandimplementationofinterventionsdirectedatappropriateantibiotic
prescribing, as the involvement of local stakeholders ensures that facilitators and
barriersspecifictoantibioticprescribinginlocalsettingsareaccountedfor.
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ThemainobjectivesoftheIMPACTstudyare:

1. To investigate (the appropriateness of) antibiotic use for urinary tract
infections(UTIs),respiratorytractinfections(RTIs),andskininfections(SIs)in
NHsandRCFs.
2. To develop interventions directed at improving appropriate antibiotic
prescribing, tailored to the local needs in NHs and RCFs by using a
participatoryactionresearch(PAR)approach.
3. To evaluate the effect of the tailored interventions developed with a PAR
approach on the appropriateness of decisions to initiate or withhold
antibiotic treatment, antibiotic use, and guidelineadherent antibiotic
selection,forUTIs,RTIs,andSIsinNHsandRCFs.


Outlineofthisthesis
Chapters 2 to 4 focus on the first study objective. Chapter 2 includes a systematic
review of the literature on antibiotic use, antibiotic resistance, and strategies to
control antibiotic resistance in the longterm care setting. Chapter 3 describes a
qualitative study that provides insight into the factors that influence antibiotic
prescribingdecisions.Aconceptualmodelthatintegratesthesefactorsispresentedin
this chapter. Chapter 4 involves a baseline measurement of the appropriateness of
decisions to prescribe or withhold antibiotics in NHs. This chapter also includes the
algorithmsthatwereusedtoevaluatetheappropriatenessofprescribingdecisions.

TheresultsdescribedinChapter3andChapter4servedasinputforthedevelopment
of tailored interventions directed at improving appropriate antibiotic prescribing
(second study objective). Chapter 5 describes how the PAR approach was
incorporatedin the study designtodevelop these interventions inLTCFs. Chapter 6
and Chapter 7 elaborate on the development and implementation of the
interventions, and describe their effects on the study outcomes (i.e. the
appropriateness of decisions to initiate or withhold antibiotic treatment, antibiotic
use, and guidelineadherent antibiotic selection) in respectively NHs and RCFs (third
studyobjective).

In Chapter 8, the general discussion, the main findings of the IMPACT study are
reflected upon. Furthermore, methodological strengths and limitations are
considered, as well as implications and recommendations for practice and future
research.
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