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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 

healthcare-associated infections (HAI) and community-acquired infections 

(e.g. urinary tract infections and pneumonia). Inappropriate antimicrobial 

use (AMU) is an important cause of AMR. Of particular concern is AMR in 

long-term care facilities (LTCF), where 40-75% inappropriate prescribing 

occurs, leading to increased levels of multidrug resistanct (MDR) bacteria. 

Inappropriate AMU in LTCF includes prophylactic and broad-spectrum 

antimicrobial prescribing, which are contrary to local prescribing guidelines. 

Adverse drug events (ADEs), such as HAI as well as gastrointestinal, skin-

related and neurological events, are often associated with antimicrobial use. 

Prevention and control of ADEs relating to antimicrobials are central to 

patient safety, which can be achieved through improved prescribing. 

Antimicrobial stewardship (AMS) represents an effective intervention for 

improving AMU, reducing ADEs and slowing the emergence and spread of 

resistant bacteria.  

This thesis aims to analyse antimicrobial prescribing in order to improve 

antimicrobial use and promote AMS in the LTCF in Ireland. In Ireland, point 

prevalence surveys (PPS) on HAI in LTCF (HALT) have been completed on four 

occasions since 2010, the most recent in 2016. However, in-depth 

understanding of the risk factors for HAI in LTCF remains limited due to lack 

of research. This thesis identifies the institutional and resident level risk 

factors associated with HAI and AMU from HALT PPS and the risk of ADEs 

relating to antimicrobials. This information can be useful for designing AMS 

interventions to improve AMU in Irish LTCF. 

Methods 

This thesis is a combination of secondary data-analyses and has utilized data 

from several different sources. The main data sets used were from the HALT 
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studies in Ireland. Chapter 3 analysed and compared the data from the 2013 

and 2016 HALT studies to explore factors related to antimicrobial 

prophylaxis in LTCF in Ireland. Chapters 2 and 4 focused on multi-level 

analysis of the 2016 HALT data and aimed to identify LTCF-level and resident-

level risk factors for AMU and HAI (Chapter 2) and to explore adherence to 

prescribing guidelines and identify risk factors associated with inappropriate 

prescribing in Irish LTCF (Chapter 4). It was necessary to collect additional 

data for these analyses, as the HALT data collected in May 2016 was only 

from those residents meeting the surveillance definition of HAI and/or AMU, 

and as such were not powered to perform multi-level analysis. Additional 

data on age, sex, the presence of a urinary catheter and disorientation was 

collected from all residents residing in LTCF in January 2017 and was 

matched with HALT 2016 data. Matching 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 original HALT 2016 database.  

The second data sets analysed were those from previously published 

randomised controlled trials (RCTs) on fluoroquinolones (FQs) (Chapter 5), 

which were used to perform a systematic review and meta-analysis of the 

risk of ADEs associated with FQs. The systematic review focused on 

comparing the risk of ADEs of FQs use to other antimicrobial agents used in 

primary care. The review followed the Preferred Reporting Items for 

Systematic Review and Meta-analysis (PRISMA) guidelines. Data 

management of review was carried out in Covidence and the meta-analysis 

was done in Revman. 

Thirdly, Chapter 6 analysed data from an RCT of amoxicillin for acute lower 

respiratory tract infections (RTI) from the GRACE study (Genomics to combat 

Resistance against Antibiotics in Community-acquired LRTI in Europe). A 

subgroup analysis of ADEs of amoxicillin was performed utilising the data 

collected as a part of this trial.   

 



xxvii 
 

Results 

A total of 224 (10,044 residents) and 190 (9,318 residents) LTCF participated 

in HALT 2016 and 2013 respectively. In the 2016 study, the prevelance of HAI 

was 4.6% and AMU was 10.6% in Ireland. Of those on antimicrobials, 46% of 

the residents were on second-line antimicrobials. 

Out of the 224 LTCF participating in HALT 2016 that we contacted in January 

2017, 80 LTCF provided additional information on 3,816 residents. Multi-

level analysis identified between-LTCF variation in HAI and AMU (Chapter 2) 

as well as second-line AMU (Chapter 4). Less AMU was associated with: 

provision of medical care by the personal general practitioner (OR: 0.6; 95% 

confidence interval (CI): 0.7-1.0); increased number of healthcare assistants 

(OR: 0.9; 95% CI: 0.9-1.0); the presence of a coordinating physician (Odds 

ratio (OR): 0.3; 95% CI: 0.2-0.6); an AMS committee (OR: 0.2; 95%; CI: 0.1-

0.6) and feedback on antimicrobial consumption (OR: 0.3; 95% CI: 0.1-0.6). 

Feedback on surveillance of infection prevention and control (IPC) practices 

(OR: 0.6; 95% CI: 0.3-1.0) were associated with less HAI. Providing education 

to prescribers on appropriate AMU and guideline use (OR=0.2; 95% CI: 0.1-

0.7) was associated with less second-line AMU. However, a resident risk 

factor, the presence of a urinary catheter, increased the risk 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. Overall, more than 40% of the residents were on 

prophylactic antimicrobials. Prophylactic antimicrobials were most 

frequently prescribed for urinary tract-related conditions (72%), followed by 

respiratory tract (15%), and skin wound (8%). The main prescribed 

prophylactic agents were nitrofurantoin (39%), trimethoprim (41%) for 

urinary tract, macrolides (47%) for respiratory tract and macrolides and 

tetracycline (56%) for skin wound-related conditions. FQs accounted for 2-

5% of prophylactic antimicrobials. Female residents and residents living in 

LTCF for more than a year were more often on prophylactic antimicrobials. 
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The systematic review and meta-analysis (Chapter 5) identified that FQ use 

was significantly associated with central nervous system (CNS)-related ADEs 

(OR: 1.4; 95% CI: 1.1-1.7; P = 0.003; heterogeneity (I2) = 0%) and 

gastrointestinal (GI) tract-related ADEs (OR: 1.2; 95% CI: 1.1-1.4; P = 0.005; 

I2 = 80%).  Withdrawal or discontinuation due to drug-related ADEs was 

higher with FQs (OR: 1.2; 95% CI: 1.0-1.4; P = 0.05; I2 = 5%) compared to 

other antimicrobials.  

The subgroup analysis (Chapter 6) identified that amoxicillin use caused a 

significantly higher proportion of any ADEs (diarrhoea or nausea or rash) 

(OR: 1.3; 95% CI: 1.1-1.6, number needed to harm (NNH) = 24) and of 

diarrhoea (OR: 1.4; 95% CI: 1.1-1.9, NNH = 29) compared to placebo group. 

No subgroup of patients were at increased risk of any ADEs, except for rash 

in males prescribed amoxicillin (interaction term 3.7; 95% CI: 1.2-11.4; OR of 

amoxicillin in males 2.8; 95% CI: 1.1-7.2). 

Conclusion 

The collection of limited additional information on all residents from HALT 

2016 participating LTCF increased the power of the study and allowed for 

multilevel analysis. The analysis showed substantial variation in HAI and 

AMU and identified significant associations at LTCF and resident level. 

Hence, the inclusion of all residents in the LTCF is recommended for future 

HALT PPS. 

Adherence to antimicrobial prescribing guidelines was low, with a high 

prevalence of prophylactic and second-line AMU in the LTCF. The use of 

broad-spectrum antimicrobials, specifically FQs, was associated with a 

higher risk of CNS- and GI-related ADEs. Therefore, an effective and 

sustainable AMS interventions programme is required for Irish LTCF. Such a 

programme would improve AMU and elderly care, as well as reducing the 

risk of ADEs and AMR. The identified associated risk factors for HAI, AMU, 

and ADEs should be considered while designing AMS interventions for LTCF.
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CHAPTER 1: INTRODUCTION 

“Never give up! Failure and rejection are the first step to succeeding.” –Jim Valvano 

1.1 Antimicrobial 

Antimicrobials are substances that kill microorganisms or inhibit them from 

multiplying (reproducing) or growing (1). They are produced by  living 

organisms (e.g. penicillin) as well as by chemical modification of the 

substances (e.g. doxycycline) and by synthetic means (fluoroquinolones 

(FQs) (1).  Antimicrobials that kill bacteria are termed bactericidal and those 

that inhibit bacterial growth are termed bacteriostatic (2). They are 

differentiated as antibacterial, antifungal and antiviral based on the 

spectrum of organisms they are active against.  

Salvarsan, the first antimicrobial agent, was discovered in 1910 by Paul 

Enhrlich and was used to treat syphilis (3, 4). In 1935, a synthetically 

produced sulfonamide called prontosil was introduced as a therapeutic and 

relatively non-toxic antimicrobial agent (5). In 1928, penicillin was 

discovered by Alexander Fleming (4) from the naturally occurring moulds 

Penicillium chrysogenum and Penicillium notatum (1, 6). Following the 

commercial introduction of penicillin in 1942, the period between the early 

1940’s to 1960’s was marked as the “golden era of antimicrobials discovery” 

(Figure 1.1) (7). Most of the antimicrobial classes now in use were discovered 

during this period (5, 8). An innovation gap for antimicrobial discovery was 

observed between 1962 to 2000, when no new classes of antimicrobials 

were introduced (7). A limited number of antimicrobial agents have been 

developed since this time, the most recent being in 2014 (Oxadiazoles) (9, 

10).  
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Figure 1. 1 Timeline showing ‘Golden Age’ of antimicrobial discovery (1940 to 

1960) and ‘Golden Age’ of antimicrobial medicinal chemistry (1960 to 2010). 
 

Note: No new structural classes of antibiotics were introduced between 1962 and 2000, representing a 

serious innovation gap during the genomic era (7). 

Copyright obtained from Springer Nature and Copyright Clearance Centre, RightsLink® service. 

 

Antimicrobials act by disrupting various molecular targets within bacteria 

and their cell surface, thereby either preventing the growth of bacteria or 

killing them (11). Antimicrobials are classified based on their chemical and 

molecular properties (2). Examples include beta-lactams, macrolides, 

tetracyclines, quinolones, aminoglycosides, sulphonamides, glycopeptides, 

and oxazolidinones. Mechanisms of action vary between antimicrobial 

classes (Figure 1.2) (12). Certain classes inhibit the synthesis of bacterial cell 

walls (2, 11, 13). For example, beta-lactam antimicrobials, such as penicillin, 

block the transglycolyses and transpeptidase enzymes activity in the 

bacterial cell wall and kill the bacteria (10, 14). These enzymes are essential 

for the synthesis of peptidoglycan in the bacterial cell wall. Similarly, certain 

antimicrobials (e.g. polymixin, daptomycin) bind to the cell membrane, 
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altering the cell membrane structure and making it more permeable, causing 

leakage of cellular molecules due to disruption of osmotic balance and cell 

death (2, 13). Some antimicrobials inhibit the synthesis of nucleic acid; for 

example, quinolones and novobiocin  (15) block the replication or stop the 

transcription of deoxyribonucleic acid (DNA), while actinomycin (16) 

disrupts the activities of bacterial enzymes preventing ribonucleic 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 synthesis of ribosome 30s subunit, disrupting RNA synthesis (10). 

Antimicrobials such as trimethoprim (17) and sulfamethoxazole (18) inhibit 

folate synthesis, which prevents bacterial growth.  

 

Figure 1. 2 Antimicrobial target sites (Madigan and Martinko, 2006).  

Copyright permission obtained from the author of the book  (12), Michael T 

Madigon 

Bacteria that are resistant to one agent in a class of antimicrobial agents are 

generally resistant to one or more  agents of the same  antimicrobial  class, 

a phenomenon known as cross-resistance (19). For example, if 
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Staphylococcus aureus is resistant to penicillin, this often confers resistance 

to co-amoxiclav or cefuroxime because 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 acquired (20). When an antimicrobial is 

discovered, it is intended to act against some species or genera of 

microorganism. An organism is intrinsically resistant to a newly discovered 

antimicrobial when that antimicrobial demonstrates no appreciable 

inhibitory effect on its growth (20, 21). For example, Klebsiella species are 

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 the mid-1970s 

Streptococcus pneumoniae was susceptible to penicillin and cephalosporin, 

but now these antimicrobials are not active against this microorganism (23).  

Bacterial resistance to antimicrobials can have  a mechanistic or genetic 

basis (21). There are several different modes of resistance that can be 

described as mechanistic, such as modification or destruction of 

antimicrobial molecules, decreased antimicrobial penetration, efflux, 

changes in target sites, and mutations (21).  

The genetic basis of AMR can be either by genetic mutation or by obtaining 

antimicrobial resistance genes via genetic transfer (11, 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 genes (24). An example of a mutational resistance mechanism is 

mutations in the “quinolone-resistance-determining region” (QRDR) seen in 

FQ resistance. Fluoroquinolones kill bacteria by altering DNA replication 

through the inhibition of DNA gyrase or DNA topoisomerase IV, enzymes 

essential for DNA replication (21, 25). When a spontaneous mutation occurs 

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

antimicrobials no longer bind efficiently. This allows the bacteria to 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 proximity, a donor cell extends one or more projections 

called conjugative pilli that attach to a recipient cell and pull the two bacteria 

together. A bridge, essentially an extracellular tubular structure known as a 

pilus, forms between two cells and then one copied strand of plasmid DNA 

passes into the recipient bacterium. The recipient cell again can, in turn, 

become a donor cell that can make its own conjugative pilli and transfer DNA 

to other cells (26-28). Many plasmids carry genes responsible for AMR, 

making the co-transfer of AMR possible during conjugation. The qnr FQ 

resistance gene, Extended-spectrum Beta-lacamases (ESBLs), 

carbapenemases and mobilised colistin resistance (mcr-1) are classic 

examples of plasmid-mediated resistance (29, 30). When bacteria uptake 

free-floating DNA directly from the surrounding environment and 

incorporate it into their own DNA, the process is called transformation (21, 

26). The bacteria can benefit if this acquired DNA encodes for AMR. 

Transduction is a process whereby bacterial DNA is transferred from one 

bacterium to another via a bacteriophage (phage) (31). Phages are viruses 

that infect bacteria and use them as factories for self-replication. When a 

phage infects a bacterium, it can end up incorporating part of the genetic 

material of the bacterium into its own, which can then be transferred to a 

new host (31).  

Understanding plasmid-mediated AMR is crucial in LTCF due to increased 

prevalence of antimicrobial use and increased multi-drug resistant bacteria 

(32). AMR plasmids can transfer between bacterial strains, species and 

sometimes even genera. They are selectively taken up and propagated in 

environments where antimicrobials are present, as they provide a survival 

advantage to the host. There is a fitness cost to the bacterium associated 
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with maintenance of a plasmid, so conversely in areas where there is no 

selective pressure, bacteria that contain AMR plasmids are at a competitive 

disadvantage. However, AMR plasmids frequently contain additional genes 

for resistance to metals (e.g. Iron, Mercury, and Copper) and surface 

disinfectants commonly used in healthcare environments. One of the metals 

or disinfectants is then sufficient to maintain selection of all the resistance 

mechanisms on the AMR plasmid, a phenomenon known as co-selection 

(33). Multidrug resistance (MDR) plasmids (plasmids that confer resistance 

to multiple antimicrobial classes) are also co-selected for in the presence of 

any antimicrobial that they confer resistance to, which explains their 

prevalence in LTCF. Should a MDR plasmid confer resistance to penicillins, 

3rd generation cephalosporins and FQs, bacteria containing this plasmid 

would survive and multiply in any LTCF resident on amoxicillin or cephalothin 

or ciprofloxacin.   

Other mobile genetic elements that aid in the genetic acquisition of AMR 

include transposons, integrons and gene cassettes (34). These elements can 

transfer AMR genes between sites on the same or different DNA molecules. 

Transposons can incorporate resistance genes and have the ability to move 

both intra and inter-molecularly. For example, transposition can occur from 

one plasmid to another, or from a plasmid to bacterial chromosomes and 

vice-versa. In the transposons, a set of mobile transposable elements are 

available with small cryptic elements called insertion sequences (IS). 

Integrons are made up of a specialised recombination system consisting of 

a gene which encodes a site-specific recombination enzyme known as 

integrase and a site at which short DNA sequences called gene cassettes, 

which often confer AMR, are inserted (34). If an AMR gene is carried by a 

particular integron this can potentially be transfered if the intergon moves 

to another bacterium or plasmid (35). All of these mobile genetic elements 

contribute to the staggering propensity for AMR gene transfer and multidrug 

resistance in areas of high AMU such as LTCF. 
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1.2.1 AMR as public health threat 

AMR is a global public health issue (36) because a high level of AMR has been 

observed in microorganisms causing common healthcare-associated 

infections (HAI) and other community-acquired infections (e.g. urinary tract 

infections and pneumonia) (37). AMR has become a priority for global health 

action and has been discussed both in the General Assembly of the United 

Nations (UN) in 2016 (38) and at the G20 Summit 2017 (39). In 2014, a review 

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 is not taken (40). 

This estimated figure is much higher than the predicted deaths by cancer 

alone, with an economic loss of 100 trillion dollars globally (40). In the 2015 

World Health Assembly, all member states committed to the development 

of a national plan of action and the reporting of the progress on these plans 

before 2017 (41). Following this, the World Health Organisation (WHO) 

released the Global Antimicrobial Resistance Surveillance System (GLASS) 

report 2016-17, which revealed a high level of resistance to a number of 

serious bacterial infections in both high- and low-income countries (42). In 

the European Union (EU), it is estimated that AMR causes 33,110 deaths 

(43), and 1.5 billion euros extra healthcare cost and productivity losses due 

to multidrug-resistant (MDR) bacteria annually (32).  MDR bacteria are 

resistant to multiple antimicrobial agents, however, the definition should 

include resistant to at least one antimicrobial agent from at least three 

antimicrobial categories (44). In recent years, the increasing problem of pan-

drug-resistant (PDR) bacteria has also been reported (45). PDR is defined as 

bacterial resistance to all antimicrobial agents tested for susceptibility (44). 

In Ireland, in 2011, a national programme document and a HSE clinical 

advisory group  on (HAI) and AMR were established (46). Subsequently,  a 

national task force on HAI and AMR was set up in 2015 to address the health 

threat posed by HAI and AMR in Ireland (47). The National Risk Assessment 

(NRA) identified AMR as one of the national risks to human health (48). To 
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address this risk, Ireland published a national action plan (iNAP) on AMR for 

2017-2020. The iNAP aims to apply a One Health approach and was 

developed in line with WHO’s Global Action Plan on AMR-2015 (47). 

However, most of these initiatives focus on acute care hospital settings and 

less so on community settings.  

The WHO has highlighted the threat of MDR gram-negative bacteria and 

categorised bacteria for which research and development of new 

antimicrobial agents is most needed (49). The critical and high priority 

category bacteria are:  

i. Critical category 

 Acinetobacter baumanni, carbapenem-resistant  

 Pseudomonas aeruginosa, carbapenem-resistant 

 Enterobacteriaceae, carbapenem- resistant and ESBL 

ii. High priority category 

 Enterococcus faecium, vancomycin-resistant  

 Staphylococcus aureus, vancomycin-and , methicillin-resistant 

 Helicobacter pylori,  clarithromycin-resistant  

 Campylobacter spp., fluoroquinolone-resistant 

 Salmonella spp., fluoroquinolone-resistant  

 Neisseria gonorrhoea,  fluoroquinolone and cephalosporin 

resistant 

The development of new antimicrobial agents is very slow (50) and 

pathogens resistant to existing antimicrobials are increasing rapidly 

(Figure1.3), thus limiting antimicrobials for future use. Figure 1.3 

demonstrates when new antimicrobials have been introduced and resitance 

has evolved rapidly over time. The main reason for the slow development of 

antimicrobials is the regulatory burden (51). The cost of drug trials are very 

high (from phase I to III clinical trials and a post-approval follow up trial) and 

they require an extensive period of time to complete before the drug is 

available in the market for human use (51, 52). This delay 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 off-patent, after which 

competitors can manufacture generics and sell them for a fraction of the 

price. Even when they are available in the market, societies are not willing 

to pay a high price and unlike drugs used to treat chronic conditions, their 

use is prescribed for a limited period and only when really needed by 

patients (51). In recent years, due to huge public health implications, 

regulators, policymakers, and companies have started to incentivise 

antimicrobial development (51). As of the latest update, September 2018, 

42 antimicrobials are in clinical development and 2 antimicrobials are 

already approved for human use. Only 21 of the 42 antimicrobials are 

expected to be active against pathogens on CDC urgent pathogen list and 

only 13 against the pathogens WHO classify as critical (53). 

The prevention and control of AMR is further challenged by the misuse and 

overuse of antimicrobials in human medicine, livestock, fisheries, and crop 

production, as well as poor sanitation and infection prevention and control 

(IPC) practices in healthcare settings (54-56). This has resulted in increased 

morbidity, hospitalisation, cost of care, and even the risk of death due to 

ineffective antimicrobial treatment (38-40).  
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Figure 1. 3 Timeline of antimicrobial resistance compared to antimicrobial 

development. 

Note: On average, resistance to an antimirobal generally develops within 9 years 

(Range 1 to 19 years) of its first clinical use.  

Cited from U.S Department of Health and Human Services, CDC 2013 (50) 

1.2.2 Epidemiology of AMR  

AMR is a critical healthcare issue affecting all age groups; however, the 

problem is particularly pronounced in the elderly (57, 58) residing in long-

term care facilities (LTCF) (59). LTCF are often regarded as a reservoir for 

antimicrobial resistant bacteria strains (60). E.coli (34.4%), Staphylococcus 

aureus (10.2%), Proteus mirabilis (8.1%), Pseudomonas aeruginosa (6.8%) 

Klebsiella pneumoniae (6.7%) and Clostridium difficile (5.0%)  were the most 

common isolated microorganisms in LTCF (37). Methicillin-resistant 

Staphylococcus aureus (MRSA), Vancomycin-resistant enterococcus (VRE) 
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and multidrug-resistant gram negative bacteria (E.coli, Klebsiella 

pneumoniae, Proteus, Pseudomonas aeruginosa, Acinetobacter baumanni) 

are the most important antimicrobial-resistant bacteria studied from an 

epidemiological perspective in LTCF (61). The prevalence of AMR varies 

across Europe, and the percentage is higher in south and south-eastern 

Europe compared to northern Europe (62). In general, the 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 average (18%). EU averages show that 8% (0.1% in Germany to 

62% in Greece) of Klebsiella pneumoniae exhibited resistance to the 

carbapenems and 18% (1% in Denmark to 59% in Slovakia) were multi-drug 

resistant (FQs, third generation cephalosporin and aminoglycosides). 

Similarly, 13% (2% in Iceland to 38% in Bulgaria) of E. coli were resistant to 

third generation cephalosporins and 5% (2% in Norway to and 17% in 

Slovakia) were multi-drug resistant (FQs, third generation cephalosporin and 

aminoglycosides) (62). The latest available 2013 data from the European 

Antimicrobial Resistance Surveillance Network (EARS-Net) showed  54% 

prevelance of MRSA and 23%  VRE out of the total invasive clinical isolates 

tested from European LTCF (37). Gram negative bacteria, Proteus spp. (29%), 

E.coli (21%), Klebsiella spp. (16%) resistant to third-generation 

cephalosporin and 23% Pseudomonas aeruginosa resistant to carbapenem 

(37).  

Many risk factors for colonization with MRSA, VRE and multidrug-resistant 

gram negative bacteria in LTCF are similar (61, 63). The frequent transfer of 

infected or colonised patients from acute care facilities is identified  as an 

important mode of transmission in LTCF (59). The use of invasive devices 

(urinary catheters, vascular catheters), feeding tubes, pressure sores and 

wounds, multiple morbidities, close living conditions, and weak immune 

systems are additional risk factors that provide a favourable environment 

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

healthcare provider’s gown and gloves during resident care has a key role in 
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the transmission, and MRSA transmission from gown is 14% and from gloves 

is 24% (68). Elderly people in LTCF are vulnerable to various common HAI 

and are more often on antimicrobials (69). The most common and important 

infection associated with antimicrobial use (AMU) and associated with 

antimicrobial-resistance is Clostridium difficile infection (CDI) in LTCF. Of the 

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

antimicrobialbefore they were identified as Clostridium difficile positive (70). 

1.3 Long-term Care Facilities 

LTCF are unique in composition when compared to other healthcare 

settings. Various types of LTCF exist in Europe. In the majority of European 

countries, LTCF provide care for the elderly (e.g. residential homes, NHs), 

physically disabled (sometimes for younger people), intellectually disabled 

and people with mental illness. Some countries also have mixed care 

facilities. The objectives, the populations served, admission criteria, 

available services, and policies of these LTCF principally depend on the 

health care resources available to them. In Ireland, LTCF are categorised into 

six types: general nursing homes (NHs), intellectual disability facilities (IDFs), 

psychiatric facilities, physical disability facilities, rehabilitation facilities, and 

mixed care facilities (71). Mixed care facilities provide mixed care services 

such as rehabilitation care, psychiatric care, or nursing care. In 2013, 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, in Ireland, LTCF aim to provide residents with 

a good quality of life and access to all necessary health care (72). The 

standard of care is monitored by the Health Information and Quality 

Authority (HIQA), which is an independent authority to ensure safe, high-

quality care for people using health and social care services, including 

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 Ireland, containing eight themes. Of them, Theme 3, “safe 

services”, provides the standard for infection prevention and medication 
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(prescribing) practices in LTCF (72) as listed below. Infection Prevention and 

Control (IPC) practices are an important approach or solution used to 

prevent harm caused by infections to patients and/or health care providers. 

The key areas of IPC practice include hand hygiene, injection safety, and 

prevention of surgical site infections, quick response and recovery to 

notifiable disease such as influenza, measles, zika and also IPC to combat 

AMR etc. 

i. Each resident should be safeguarded from abuse and neglect 

and their safety and welfare should be promoted. 

ii. Resident service has to be effectively arranged to manage risk 

and protect resident from risk of harm. 

iii. Infection Prevention and Control practice should achieve the 

best outcome for residents. 

iv. 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, accounting for 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 fast. Compared to other regions of 

the world, Europe has the highest percentage (25%) of people over the age 

of 60 (73). In 2016, according to census results, Ireland’s population was 4.8 

million, of whom 13% were aged over 65. This was an increase of 19% from 

the previous census in 2011 (74).  

In general, older people live in residential care facilities because of long-term 

physical or cognitive impairment, chronic illness, and social circumstances. 

They more often suffer from multiple co-morbidities and are exposed to 

indwelling devices and invasive procedures (64-67). LTCF provide care to 2-

3% of the older population in developed countries (75). The Organisation for 

Economic Co-operation and Development (OECD) estimates about 12% of 

the population 65 years or over receive some form of long-term care services 
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either at home (65% of the services) or at institutions (36%) (76). In Ireland, 

of the 637,467 people aged 65 or over, 3.6% are living in 606 LTCF in 2016  

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

1.4 Healthcare-associated Infections and Antimicrobial Prescribing 

1.4.1 Healthcare-associated infections (HAI) 

Traditionally, infections were classified according to their place of 

acquisition: community-acquired or hospital-acquired infections (78). These 

infections were redefined as HAI in 2002 to include both community- and 

hospital-acquired infections (79, 80). Community-infections included in the 

HAI definition are defined as infections arising from a previous history of 

healthcare exposure, and do not include nosocomial infection (78). The 

infections that occur during the course of hospitalization are defined as 

nosocomial infections (79).  

A HAI is an infection that is acquired after contact with healthcare services 

either in the hospital or outside hospital (81). HAI occur in all types of care 

settings, including acute care hospitals, ambulatory surgical centres, 

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 (GI) tract, or 

vagina are endogenous sources, where local microbial flora can 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 are affected by HAI, representing 

a significant health burden both in terms of morbidity and mortality and 

substantial financial loss (83). In 2011, the WHO reported that, on average, 

7% of patients in developed and 10% in developing countries acquired at 

least one HAI, and death occurred in 10% of affected patients (84). In 2014, 

WHO reported HAI prevalence between 5.7% and 19.1% in low- and middle-



Chapter 1: Introduction 

15 
 

income countries (83). It could be more than the given figure, as surveillance 

systems for HAI are virtually non-existent in low-income countries.  

HAI are common and important causes of illness among residents in LTCF. A 

point prevalence survey (PPS) by the European 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 Economic Area) 

countries  (Figure1.4)(37) . From 2010 to 2016, HAI prevalence was between 

2.8% and 3.4%, which is similar to the EU average (71, 85) . HAI in LTCF are 

often associated with immune response  of the residents, age-associated 

changes in anatomy and physiology, co-morbidities, history of 

hospitalisations, greater exposure to virulent pathogens due to closed 

environment, mechanical intervention, such as feeding tubes, and invasive 

device and procedures, such as urinary catheter and ventilators (86). 

Residents in LTCF are often colonized with bacteria that may cause infection 

and can serve as a reservoir of infection, transmitting infections to other 

vulnerable residents (87). The most frequently reported endemic infections 

in LTCF are urinary tract infection (UTI), respiratory tract infection (RTI), and 

skin and soft tissue infection (SSTI) (37, 71, 88). In EU/EEA countries, RTI and 

UTI each constitute 31.2% and skin or wound infections 22.8% of the total 

HAI in LTCF (37). Similar types of HAI were reported in Irish LTCF from 2010 

to 2016, with UTI having the highest reported prevalence, followed by RTI 

and skin wound infection (71, 85, 89, 90). 
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Figure 1. 4 Prevalence of eligible LTCF residents with at least one HAI, by country, 

HALT-2, 2013. 
 

* Poor or very 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 Centre for Disease Prevention and Control, 2014, HALT report 2013 (37). 

 

Urinary tract infections (UTIs) 

UTI is a type of infection developed when foreign bacteria enter and infect 

the urinary tract (91). UTIs are usually diagnosed based on clinical signs 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, low-grade fever, cloudy or bloody 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 UTI (93). Symptomatic bacteriuria is 

confirmed when there is a significant amount (104 colony-forming unit per 

millilitre (CFU/mL) of bacteria present in urine, along with signs and 

symptoms of infection (94). UTI are uncomplicated when no urological 

abnormalities are identified and complicated when urological (kidney stone, 
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prostate cancer) or other severe conditions (spinal cord injuries) or 

structural and functional abnormalities (e.g. congenital anomalies of kidney) 

are present (95). UTI are often recurrent, defined as more than two 

diagnosed infections 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 50-60% of women have at least one UTI in their lifetime (97). Though 

everyone is susceptible to UTIs, pregnant women (98), elderly people (99) 

and patients with certain conditions, such as spinal cord injuries (100) and/or 

catheter care (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 urinary symptoms, such as urinary incontinence, and 

a lack of standard laboratory test available to confirm suspected UTI (104). 

The prevalence of asymptomatic bacteriuria, microbiological growth 

without clinical symptoms in LTCF is high, particularly in elderly residents 

(105). The risk of UTI also increases with an increase in the duration of 

catheterisation (94). Studies have reported that the use of a urinary catheter 

is often associated with a UTI in LTCF (101, 106-108).  

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, 

bronchiolitis, pneumonia, and tracheitis (109). RTIs affect all age groups but 

are more common in elderly people; age is a significant risk factor for RTIs, 

particularly for lower RTIs and pneumonia (110). More than one-third 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 pneumonia, are the leading 

causes of mortality and hospitalisation in LTCF residents (111, 112).  
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Upper RTIs are generally self-limiting and complications are likely to be rare 

if an antimicrobial is withheld or delayed  (65). Antimicrobial treatment of 

uncomplicated acute bronchitis is not recommended on a routine basis 

unless pertussis is suspected and confirmed following diagnostic tests (113). 

However, antimicrobial treatment of RTIs is frequent, accounting for nearly 

40% of all prescribed antimicrobials in LTCF (37). A recent European large-

scale randomised controlled trial (RCT) reported no benefits of 

antimicrobials for acute lower RTI treatment in primary care and in patients 

above 60 years of age (114). The practice of treating viral respiratory 

infections such as influenza is another serious issue in LTCF. Over the past 

decades, influenza vaccination has been recommended to people over 65 

years of age as an effective measure (115). An RCT showed 50% or greater 

reduction in influenza-related illness after influenza vaccination (116). An 

estimated 147 courses of antimicrobials per 1,000 persons are annually 

prescribed for influenza in LTCF (117). 

Skin and soft tissue infections (SSTIs) 

Uncomplicated SSTIs include superficial infections, such as cellulitis, 

erysipelas, simple abscesses, impetigo, and furuncles (118). Complicated 

SSTIs involve deeper soft tissues, requiring surgical intervention (e.g. 

infected ulcers, infected burns), or infections complicated by a significant 

underlying disease that affects the response to treatment.  

SSTIs are the third most common infections in LTCF. Nearly 85% are cellulitis 

and 8% are fungal infections (37, 71, 119). Older residents in LTCF generally 

suffer from SSTI because of several physiological changes due to ageing, 

including skin dryness and thinning blood vessels (120). Dry and itchy skin 

serves as a portal of entry for pathogens that can infect the skin. Pressure 

ulcers are another common infection, often developing into cellulitis, 

osteomyelitis, bacteraemia, and septicaemia (120).  

Approximately 70% of pressure ulcers occur in the elderly population (121). 

The risk factors for SSTIs in an elderly population include immobility, 
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incontinence, inability to present symptoms due to decreased cognitive 

function (e.g. confusion, dementia), and presence of neurological deficits 

(e.g. Alzheimer’s disease, stroke). Other factors include use of devices (e.g. 

catheter), impaired nutrition and other medical conditions (e.g. diabetes, 

malignant disease) (119, 120). These risk factors impair the wound healing 

process; therefore, correct diagnosis and appropriate treatment of skin and 

wound infections is crucial. A study in Ontario Canada revealed that 35% of 

skin infections treated with antimicrobials did not 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). Clinical parameters include signs, 

symptoms, and the location of the infection. Microbiological parameters 

include the type of bacteria causing infection. Different antimicrobials can 

be used to treat different types of infection; for example, nitrofurantoin is a 

good option for uncomplicated lower UTI treatment but not for RTI.  

There are three general modes of prescribing antimicrobials; empiric, 

definitive and prophylactic (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 susceptibility. Definitive prescribing or therapy occurs if an 

antimicrobial is prescribed  following confirmation of the pathogen and 

susceptibility (126). Both empiric and definitive therapy are referred to as 

therapeutic prescribing. 
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Prophylactic antimicrobial prescribing 

Prophylactic prescribing is done with the aim of preventing infection (127). 

Antimicrobial prophylaxis (AP) is 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 infection (128). AP is often 

considered for recurrent UTI and cellulitis, spontaneous bacterial peritonitis 

among patients with cirrhosis of liver, infective endocarditis, and pertussis. 

Similarly, to prevent surgical site infections (SSIs), preoperative AP is 

recommended in various surgical procedures (129). However, AP should be 

limited to specific, well-accepted 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 broad-spectrum.  

Narrow-spectrum antimicrobial prescribing  

An antimicrobial is narrow-spectrum if it is used particularly in the treatment 

of infections caused by specific groups of microorganisms. For example, 

aminoglycosides are only effective against aerobic organisms, glycopeptides 

only against Gram-positive bacteria (130). Other examples of narrow-

spectrum antimicrobials include penicillin G, macrolides, vancomycin and 

nitrofurantoin.  

Broad-spectrum antimicrobial prescribing  

Broad-spectrum antimicrobials are used to treat infection caused by a range 

of micro-organisms from different groups or when the causative organism is 

unclear. A broad-spectrum antimicrobial can refer to any antimicrobial with 

activty against a range of  micro-organism groups including  gram-positive 

and gram-negative bacteria, along with certain rickettsia, viruses, and 

protozoa (131). For example, amoxicillin is effective against a wide variety of 

bacteria, including Helicobacter spp., Streptococcus spp., Enterococcus spp., 

and Haemophilus spp.  Examples of broad-spectrum antimicrobials include 

fluoroquinolones, amoxicillin, co-amoxiclav, cephalosporin, piperacillin-

tazobactam, tetracycline, and azithromycin (37, 132, 133).    

https://www.sciencedirect.com/topics/medicine-and-dentistry/cirrhosis
https://www.sciencedirect.com/topics/medicine-and-dentistry/pertussis
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Antimicrobial prescribing guidelines do not recommend broad-spectrum 

antimicrobials unless the narrow-spectrum antimicrobials are ineffective to 

treat the infection (134, 135).  

Based on treatment initiation for infections, antimicrobials can be first-line 

and second-line. Generally, first-line antimicrobials are prescribed for an 

initial treatment, while second-line antimicrobials are prescribed when 

patients fail to respond to the first-line therapy and/or when symptoms 

persist after a certain period of time. For example, nitrofurantoin, 

trimethoprim and fosfomycin are first-line antimicrobials for UTI, while 

ciprofloxacin, co-amoxiclav and cephalexin are the second-line 

antimicrobials recommended in the antimicrobial prescribing guidelines 

(134).  

Antimicrobials consumption is increasing globally (136). The median 

consumption rate of antimicrobials increased by 25% (from 15.5 to 19.5 

DDDs per 1,000 inhabitants per day ) from 2000 to 2015 (137). Though 

antimicrobial use (AMU) in high-income countries decreased by 4%, the 

increase in global AMU was primarily driven by increased use in low- and 

middle-income countries (137, 138). In Europe, the average total 

consumption of antimicrobials was 23.4 Defined Daily Dose (DDD) per 1000 

inhabitants per day in 2017. DDD is the average adult dose recommended 

per day for a drug for the main indication. 

With reference to antimicrobial prescribing in LTCF, AMU varies among 

European LTCF (Figure 1.5) (37). According to the European Center for 

Disease Prevention and Control (ECDC) surveillance study, the prevalence of 

residents on at least one antimicrobial agent for the treatment of HAI was 

4.4% in LTCF (country range 1.0 - 12.1%) (37). In Ireland, the percentage of 

residents receiving at least one antimicrobial agent was 10% both in 2010 

and 2016 (Figure 1.6), double the European average (71, 85).  
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Figure 1.5 Prevalence of eligible LTCF residents receiving at least one 

antimicrobial agent on the day of the PPS, HALT-2, 2013. 

* Poor or very poor national representativeness of LTCF sample. 

Copyright from -© European Centre for Disease Prevention and Control, 2014, HALT report 2013 (37). 

 

 

 Figure 1. 6 Residents on antimicrobials (total and prophylactic) in four HALT 

surveys from 2010 to 2016 in Ireland. 

 

10.2 10.1 9.8 9.8

42

39 38.3

42.5

0

5

10

15

20

25

30

35

40

45

2010 2011 2013 2016

%

HALT study years

On antimicrobials Of antimicrobials, % on prophylactic



Chapter 1: Introduction 

23 
 

Generated from HALT report 2010, 2011, 2013 and 2016 in Ireland (71, 85, 89, 90). 

The use of antimicrobials is directly linked to AMR (139, 140). The increased 

use of antimicrobials is the result of inappropriate prescribing, and 

inappropriate AMU plays a key role in the development of AMR (141). 

Inappropriate prescribing includes over-prescribing, misuse of 

antimicrobials and non-adherence to guidelines. Prophylactic and broad-

spectrum AMU are the most important form of inappropriate prescribing for 

common infections (142). Inappropriate AMU is often associated with worse 

clinical outcomes in terms of acute and serious adverse drug events (ADEs), 

creating a great threat to patient safety (143). The OECD reported that of 

the total AMU in any healthcare setting, 50% of prescriptions are 

inappropriate and more than 90% are in LTCF and general practices (GPs) 

(144). Studies have reported levels of inappropriate AMU in NHs alone of 40-

75%, but the criteria for judging appropriateness were different (142).  

In European LTCF, of all antimicrobials prescribed, 28% were prophylactic 

and more than 80% of the prophylactic antimicrobials were for conditions 

related to the urinary tract (47%) and respiratory tract (30%)(37). In Ireland, 

more than 40% of the antimicrobials prescribed in LTCF were prophylactic 

(Figure 1.6) (71, 85, 89, 90). The most common reasons for urinary 

prophylaxis in elderly people were the presence of a urinary catheter or 

urinary incontinence (145).  

Among the most frequently prescribed antimicrobials in European LTCF are 

broad-spectrum FQs, with a prevalence of 16%. Most of the broad-spectrum 

antimicrobials were prescribed for RTI (with almost half for the common 

cold), UTI, skin wound infection (37, 71, 85, 89, 90, 146). In Ireland, co-

amoxiclav is the most frequently prescribed broad-spectrum antimicrobial 

in LTCF (>35%), despite it not being recommended as a first-line 

antimicrobial for the conditions treated in this settings (71).  
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1.5 Patient Safety  

Improving patient safety has become a priority for the WHO and the 

European Commission since the Luxembourg declaration acknowledged 

access to high-quality healthcare as a basic human right (147). The critical 

need for healthcare quality improvement was determined after two reports 

published by the Institute of Medicine (IOM) in 1999 and 2001 on quality 

assurance for Medicare (148). In the reports, patient safety is defined as the 

prevention of harm to patients. The emphasis 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 patients (149).  

Prevention and control of HAI and AMR are integral parts of patient safety 

and should be a core element of quality healthcare services delivery (149). 

Maintaining quality in healthcare has become more complex due to greater 

use of complex technologies and treatment procedures (150). In the context 

of increased AMU for the treatment of HAI, understanding ADEs relating to 

antimicrobials is central to ensuring 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 medical treatment or procedures. The Harvard medical practice study and 

the Institute for Healthcare Improvement (151) define AEs as “unintended 

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, treatment, or that 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 

and unintended, caused as a result of drugs that are used for the diagnosis 

and/ or for prophylactic or therapeutic purpose (152). Most ADEs are 
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preventable because they occur at any stage of the medication process, i.e. 

prescribing, administering, adherence, or monitoring a drug (153, 154). AEs 

are preventable if the harm to a patient is caused during medical care but 

not due to underlying medical issues, such as disease, illness and injury  

(155). Breakdown of effective communication about 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). Resident factors, such as multiple 

morbidities and polypharmacy, are causative factors for medication error in 

LTCF and they are mostly preventable (157). It has been estimated that 51% 

of ADEs are preventable in LTCF  (158).  

HAI account for the most frequent AEs reported in healthcare (84). 

Inappropriate use of antimicrobials can be harmful because  they distrupt 

the indigenous intestinal microflora and thereby allow Clostridium difficile 

to grow and produce toxin leading to  Clostridium difficile  infections (CDIs) 

(159). Therefore, understanding the potential for any antimicrobial to give 

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

The best way to reduce ADEs and AMR is the prudent use of antimicrobials 

(160, 161). This can be achieved through the effective implementations of 

best practices in relation to antimicrobial prescribing (162).  

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 unintended consequences, such as the 

emergence of resistance, ADEs, and cost (47, 163). The overarching goals of 

AMS programmes are as follows (163):  

i. Improve patients’ care through optimal therapy 

ii. Reduce collateral damage, such as toxicity/CDI, length of stay 
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iii. Impact costs – less cost due to less collateral damage  

Antimicrobial treatment choice should incorporate an understanding of 

both the clinical need of the patient as well as the link between AMU and 

AMR (164, 165). Prudent selection of the appropriate antimicrobial when 

prescribing is important for patient safety and reduces the risk of ADEs and 

HAI (165). Evidence shows that AMS paired with infection control can limit 

the emergence, transmission and further spread of antimicrobial-resistant 

microorganisms (166).  

Effective implementation of an AMS programme should consider an 

individual as well as institutional and environmental level factors (Figure 

1.7). The factors included are inter-professional communication between 

service provider and user, knowledge and attitude of provider towards the 

prescribing decision and family structures, which has an influence on 

prescribing practices (75).  

 

Figure 1. 7 Conceptual framework of the factors that influence the decision to 

initiate antimicrobial therapy in LTCF.  

Note: The figure shows how family structures, knowledge, attitude and beliefs of 

patients and patient parties as well as healthcare providers influence prescribing 

decision.  

  Crnich J C et.al, Drugs and Ageing (75), Open Access/Creative commons 
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Several national and international initiatives have been implemented to 

achieve AMS. However, these initiatives are more often confined to 

hospitals than to other healthcare settings, such as primary care and LTCF 

(164, 167). In the Unites States of America (USA), the Centers for Disease 

Control and Prevention (CDC) has initiated AMS initiatives 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, drug 

expertise, taking action to change AMU-related policy and practice, tracking 

and reporting AMU and resistance pattern, and AMS education for clinicians, 

nursing staff, residents and families (170).  

In Europe, including Ireland, surveillance studies have identified both AMU 

and AMR as problems in LTCF (37, 71, 90). However, comprehensive AMS 

programmes, including core elements, are not available for LTCF. Apart from 

national antimicrobial prescribing guidelines for UTIs, RTIs and CDI (134) , no 

specific documents or guidelines for AMS are available for Irish LTCF.   

1.7 Methods 

This thesis is the outcome of secondary data analysis of the Healthcare-

associated Infections in Long-term Care Facilities (HALT) studies conducted 

in Ireland (chapter 2, 3, and 4), data from published randomised controlled 

trials (chapter 5) and data from the Genomics to combat Resistance against 

Antibiotics in Community-acquired LRTI in Europe (GRACE) study in Europe 

(chapter 6). The methods used in these studies are described briefly in 

specific chapters. Specific to the HALT study 2016 data, two different 

methodological approaches were applied. They are: (i) using exactly the 

method used in original HALT study (described in section 1.7.1) and (ii) using 

additionally collected information from all residents participating in HALT 

2016 (described in section 1.7.2).  
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1.7.1 HALT study 

In December 2008, the ECDC initiated surveillance on Healthcare-associated 

Infections in Long-term Care Facilities (HALT) (171). The HALT project is a 

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

Institute of Public Health (WIV-ISP), Brussels, Belgium. Before the start of the 

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

performed from 2005 - 2008 under the “Improving the Patient Safety in 

Europe (IPSE)” project with financial support from the EC (172).  

The first PPS in European LTCF (HALT study) took place in 2010 (173) and was 

followed by subsequent studies in 2013 (37) and 2016/2017 (172). The PPS 

were coordinated by Healthcare-associated Infections Surveillance Network 

(HAI-Net) existing within ECDC (171).  

In Ireland, four HALT PPS have been completed: in 2010 (85), 2011 (89), 2013 

(90) and 2016 (71). With the exception of the second HALT (2011), the other 

PPS were conducted in collaboration with the ECDC. The 2011 HALT was 

performed independently building on the positive feedback obtained from 

the first survey (85). Each PPS was completed under the leadership and 

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 international and local comparison, a 

standardised ECDC protocol was used. 

The primary aim of the HALT study (172) 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 EU/EEA member 

states.  

Method and data collection tools used in HALT 

The HALT study is based on a repeated PPS design, measured at one 

particular point in time. Each HALT study was conducted in the months of 
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April and May (except for the HALT 2010, conducted May to September) 

(85). Each HALT study applies two sets of questionnaires: an institutional 

questionnaire and a residential questionnaire. Institutional questionnaires 

(Appendix 2) include information on staffing, bed capacity, infection control 

practices, HAI, AMU, and AMS practices in the facilities. Resident 

questionnaires (Appendix 3) are only completed for residents on 

antimicrobials or with an active 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 

accordance with the ECDC guidelines.  

The questionnaires were identical for HALT 2010 and 2011 and slight 

modifications were made to the resident’s questionnaire in 2013 and 2016 

with a change in differentiating signs and symptoms of HAI and its 

classification as either “absent” or “present” based on the revised CDC/SHEA 

(Society for Healthcare Epidemiology of America) definitions of HAI (174). 

The previous surveys reported the presence or absence of HAI according to 

the McGeer Criteria (175).  

Request to HPSC, Ireland for access to HALT data 

As described above, Ireland had already completed and published four HALT 

studies. In the published reports, only limited information was reported 

based on the provided format. This meant a large amount of data collected 

as part of the HALT project remained unexplored, without further analysis 

being done in the HPSC Ireland because of limited resources and time. A 

protocol was developed and a request was made to the coordinator of HALT 

at HPSC, Ireland to carry out further analysis of the already collected data. 

After a series of meetings, discussions, and revisions, HPSC approved the 

protocol and granted access to HALT data for secondary analysis. The 

objective of the request was to generate knowledge in the area of HAIs and 

AMU that could be essential for the development of an antimicrobial 

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 on the format provided. A large quantity of data collected as a 

part of a HALT project was not explored in-depth, such as the effects of 

institutional factors on HAI and AMU at an individual level.  

The data collected at HALT PPS was in aggregate form, i.e. information 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 variables collected for each LTCF that 

participated. For instance, in 2016, information 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 the 1,067 residents with HAI/AMU. Data 

from all 10,044 residents can 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 

collaboration with the HSPC, additional information on age, sex, urinary 

catheter, and disorientation was requested of all residents from the 

participating LTCF in May 2016.  

1.7.3 Multilevel analysis 

Multilevel analysis is a data analysis technique for hierarchical data or for 

the data that are nested within groups or clusters (176, 177). Multilevel 

modelling takes the dependency of the observations into account (178). 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 belonging to another GP for which 

correction must be made. The data has two levels: the individual patients 

registered and GPs. Multilevel analysis is not limited to a two-level data 

structure, and also can be applied to a three-level data structure;  for 
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instance, in this example, county would be a third-level variable where GPs 

are nested within a county.  

Multilevel analysis was initially used in educational research (178, 179). 

However, it is now widely used in medical and public health research (180-

183). Major advantages of multilevel analysis are: i) it increases the power 

of the study, ii) it allows simultaneous examination of effects at group level 

and individual level predictors, and iii) it examines both between- and 

within-group variation and the contribution of individual group level 

variables on the variation as a whole (181). Multilevel analysis is the 

extension of “standard” statistical regression techniques and it follows the 

principles of linear regression (178). The dichotomous outcome variable 

with non-normal distribution uses logistic regression (184). An extension of 

logistic regression, multinomial regression, is applied when the outcome 

category is more than two (178). The interpretation for odds ratio (OR) with 

95% confidence interval (95%CI) in the multilevel logistic regression analysis 

is different for numeric and categorical predictor variables. For a continuous 

predictor, if the OR = 1.5, the one-unit increase  in blood pressure increases 

the odds of getting stroke by 1.5 times. For a categorical predictor, one 

category is compared with the reference category. For example the 

probability of stroke in females is 1. 5 times the probability in males.   

The applicability of a multilevel analysis is assessed by checking the 

significance of group effects through i) a likelihood ratio test, by comparing 

the variance component model with a corresponding single level model (also 

without explanatory variables), and ii) plotting a caterpillar plot for group 

level residuals (185). The likelihood ratio test statistic is calculated as the 

difference in the -2log-likelihood values for the models and is measured with 

the corresponding p-value for the chi-square test (186). If the p-value is 

significant, it shows there is a difference between the groups. A caterpillar 

plot shows the average outcome in rank order of the higher level variable 

and includes their 95% CI (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. The zero value is the residual difference between the observed and 

predicted value of the dependent variable (186).  

A multilevel model is normally estimated using maximum likelihood 

estimation (MLE) methods. MLE methods estimate the probability of the 

model parameters, i.e. variance and covariance among the 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 scales are not directly comparable (187, 188), Larsen and 

colleagues proposed a Median OR (mOR) for multilevel logistic regression to 

ease the interpretation of area-level variance (187).  

𝑚𝑂𝑅 = exp(√2x𝜎2xΦ−1(0.75)) 

where Φ(·) is the cumulative distribution function of the normal distribution 

with mean 0 and variance 1, Φ−1(0.75) is the 75th percentile, and exp(·) is 

the exponential function (189). 

By definition, the mOR (188) is the median value of the OR between the 

clusters (e.g. GPs in the previous example) at highest risk of the outcome 

(e.g. stroke) and the cluster at lower risk of the outcome.  The value of the 

mOR is always greater than or 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 (Crl) is calculated based on the 

distribution of mOR to distinguish it from a fixed effect OR CI (183).  

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 used (190). 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 can be made 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 designer of the systematic review (191). Since 

the 1970’s, systematic reviews have grown in popularity within the field of 

health (192). The Cochrane Collaboration, set up in 1993, has been a long-

standing, rigorous and innovative leader in developing methods in the field 

of healthcare and medicine to provide reliable evidence (193). Their main 

contribution includes the development of a protocol to provide a structure 

for the literature search strategy and a new and extended analytic and 

diagnostic strategy to evaluate the output of the review. The systematic 

reviews are mostly guided by a statement called the PRISMA (Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses) which is a 

useful tool in selecting the appropriate studies to be included for qualitative 

review and quantitative analysis (194).  

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 numerical results 

of independent studies (190). It is generally used to estimate the effects of 

particular interventions or treatments (195).  

The model in the meta-analysis is either based on an assumption of a 

common effect (fixed effects) or random effects (196). The fixed effects 

model estimates the variation in effect sizes caused due to sampling issues 

within the study, while the random effects model estimates the effect size 

caused as a result of heterogeneity between and among the studies. Metrics 

used are odds and risk ratios, standardised mean difference, Z-transformed 

correlation coefficients and logarithmic (log) response depending upon the 

outcome variables (197). For trials with binary outcomes, OR and relative 
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risk are the possible metrics. A Peto-odds ratio (POR) is used as an 

appropriate measure if the outcome is rare (198, 199) and it also does not 

encounter computational problems due to zero counts in one or more cells 

(200).  

Statistical heterogeneity is assessed by employing a chi-square test for 

heterogeneity and measuring I2 statistics for consistency. A larger value of I2 

indicates an increase in heterogeneity (201). Bias, notably publication bias, 

is an inherent issue with meta-analysis and can be visualised by producing a 

funnel plot (202), which can help to identify the studies with highest and 

lowest levels of bias. 

1.7.6 GRACE study  

Genomics to combat Resistance against Antibiotics in Community-acquired 

LRTI in Europe (GRACE) (www.grace-lrti.org) is a network of excellence set 

up in 2006 and focusing on the management of community-acquired lower 

RTIs (CA-LRTIs) and antimicrobial prescribing. There have been 12 work 

packages within the GRACE study, with topics such as microbial genomics for 

diagnosis of community-acquired LRTI and economics of resistance. The 

study design includes both observational and randomised control trials. In 

work package 10, an RCT on CA-LRTI was rolled out in 12 European countries 

covering 16 primary care networks (203). The RCT started in October 2007 

and was completed in April 2010. The analysis from the study (GRACE-RCT) 

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 administration) (114). A subgroup analysis was 

done to identify if the specific or any ADEs were different for subgroups of 

patients.   

Request to GRACE team for access to data for analysis 

A request for the GRACE data was made along with a protocol for the 

subgroup analysis of ADE of amoxicillin for lower RTI patients in June 2018. 

The protocol was reviewed and approved by work package leaders of the 

http://www.grace-lrti.org/


Chapter 1: Introduction 

35 
 

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 Professor Samuel Coenen. The rest of the analysis and manuscript 

(Chapter 6) was completed at the Discipline of General Practice, NUIG. This 

project (subgroup-analysis) was an internship programme conducted as a 

part of my PhD training. The visit to the University of Antwerp was financially 

supported by the TRACE (Translational Research on Antimicrobial resistance 

and Community-acquired infections in Europe; www.esf.org/trace) project. 

1.7.7 Subgroup analysis 

A subgroup analysis involves 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 variables, such as treatment effects, antimicrobials, 

catherisation status, or other health conditions (e.g. UTI or RTI). The main 

objective of subgroup analysis in RCTs is to assess the risk and benefit of 

particular treatment in different subgroups (204, 205).  

Statistical power due to small sample size and/or the inclusion of multiple 

comparisons can jeopardise subgroup analysis (206). 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 desirable (207). The stratified randomisation 

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 are post-hoc subgroup analysis without 

stratified randomisation, which leads to the problem of Type I and Type II 

error (i.e. false positive and false negative) (208). If the treatment (e.g. co-

amoxiclav) efficacy differs between the subgroups (e.g. 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 using a simple test, i.e. a χ2 test and the 

later interaction is tested by using regression models or the Mantel-Haenszel 

http://www.esf.org/trace
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technique (207). If a statistical interaction test provides significant results of 

subgroup effects, then the conclusion may be drawn in favour of particular 

subgroups (209), but the emphasis should depend on biological plausibility, 

the number of subgroups and their statistical strength (210). The standard 

significant level of p<0.05 is no longer used in the subgroup analysis with 

multiple testing and should be kept at <0.025 (205, 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 trade-off between harms and benefits of 

AMU.  The ultimate goal is to improve AMU, reduce AMR and ensure patient 

safety.  

1.8.1 Aim 

The primary aim of the thesis is to analyse antimicrobial prescribing to 

improve AMU and promote AMS in Irish LTCF.  

This thesis, based around five articles, addresses the aim of the study by 

achieving specific objectives. The first three objectives build on 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 collected as a part of this thesis (Chapter 2).  

Objective 2: Compare prophylactic AMU between HALT PPS 2013 and 2016 

in Ireland and identify causes of antimicrobial prophylaxis in LTCF (Chapter 

3).  
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Objective 3: Assess whether antimicrobial prescribing adheres to prescribing 

guidelines for specific infections and identify if there is a variation in first-

line and second-line antimicrobial prescribing in Irish LTCF (Chapter 4).  

Objective 4: Assess and compare the risk of ADEs from FQ use with other 

antimicrobial agents through systematic review and meta-analysis (Chapter 

5). 

Objective 5: Assess the risk of ADEs (diarrhoea, nausea, and rash) for specific 

subgroups related to amoxicillin use from data collected as part of a large 

European RCT (Chapter 6). 

1.9 Outline of the Thesis 

This thesis includes seven chapters. The first introductory chapter covers the 

background information, context, and problem statements necessary to link 

different chapters. The topics described in this chapter include 

antimicrobials, AMR, HAI, AMU, and patient safety with special emphasis on 

ADEs and AMS. A brief introduction of the methods used is also included. 

The last part of the introductory chapter provides the aim, specific 

objectives, and process and output from the thesis.   

Successively, Chapters 2, 3 and 4 focus on improving antimicrobial 

prescribing and analyse the data available from the HALT studies, while 

Chapters 5 and 6 focus on patient safety, particularly ADEs. Chapter 7 

discusses the main findings and concludes the thesis with recommendations.  

Chapter 2 is a multilevel study of HAI and AMU in LTCF using matched HALT 

2016 data. The resultant database obtained after matching the variables 

age, sex, urinary catheter and disorientation from the original HALT 2016 

database and the additionally collected database is called a matched HALT 

database (see Figure 2.1 in Chapter 2). Chapter 3 is a comparative study on 

prophylactic AMU between HALT 2013 and 2016. Chapter 4 is a multilevel 

multinomial study using matched HALT 2016 data, which discuss possible 

predictors of increased second-line antimicrobial prescribing in LTCF. 

Chapter 5 is a systematic review and meta-analysis of ADEs of FQs and their 
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risk compared to other antimicrobials. This chapter compares GI-related, 

CNS-related, skin-related ADEs of FQs with other antimicrobials in the 

included studies. Chapter 6 is a subgroup analysis of the common ADEs of 

amoxicillin prescribed for CA-LRTIs, using data from 16 primary care 

networks in Europe. The final chapter, Chapter 7, identifies the key points, 

discusses how the papers link together, and provides conclusions as well as 

the implications for programme interventions and future directions for 

research. Data collection tools and published papers are presented at the 

end of the thesis in the Appendices.
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1.10 Overview of Thesis (Process and Output)  

 

Figure 1. 8 Overview of PhD thesis- process and output. 

Note: Overview of the project with data requests, data analyses, papers and conferences. Light blue diamonds are data source, light green circles are analysis, light 

yellow box are papers and green shining boxes are conferences attended.
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CHAPTER 2: ANTIMICROBIAL PRESCRIBING AND INFECTIONS IN 

LONG-TERM CARE FACILITIES (LTCF): A MULTILEVEL ANALYSIS 

OF THE HALT 2016 STUDY, IRELAND, 2017  

Published in Eurosurveillance, November 2018 (Appendix 5)  

 “If you torture the data enough, nature will always confess”- Ronal Coase, 1982 

Authors: Meera Tandan, Karen Burns, Helen Murphy, Sarah Hennessy, Martin 

Cormican, Akke Vellinga.  

 

2.1 Highlights 

 

 

 

 

 

 

 

 

 

 

 

 

 

Key Words: Antimicrobial, Resistance, healthcare-associated infections, HALT, 

surveillance, multilevel modelling, LTCF, elderly. 

 

 In long-term care facilities (LTCF), 4.7% residents had a healthcare-

associated infection (HAI) and 10.6% were on antimicrobials.  

 The aggregated form of data collected in HALT 2016 identified only 

urinary catheter use as a risk factor for antimicrobial use (AMU). 

 Multilevel analysis was conducted following additional data collection 

from all residents, and identified LTCF level risk factors associated 

with HAI and AMU as well as variation in HAI and AMU between LTCF. 

 The presence of a coordinating physician, an antimicrobial 

stewardship (AMS) committee, more healthcare assistants, 

antimicrobial consumption feedback, and medical care provided by 

the resident’s personal GP reduced AMU.  

 Feedback on surveillance of infection prevention and control (IPC) 

practices reduced HAI. 

 Collection of information from all residents of participating LTCF in 

the future HALT PPS and integration of identified risk factors in AMS 

intervention is recommended to improve prescribing in LTCF.  

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6247462/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6247462/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6247462/
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2.2 Abstract 

Background: The 2016 point prevalence survey (PPS) of healthcare-

associated infections (HAI) and antimicrobial use (AMU) in Irish long-term 

care facilities (LTCF) (HALT) showed a 9.8% AMU and 4.4% HAI prevalence, 

based on aggregated data analysis. 

Aim: The aim was to identify institutional and resident risk factors of AMU 

and HAI. 

Methods: HALT 2016 gathered information using institutional and resident 

questionnaires, for residents who met the surveillance definition of active 

HAI and/or AMU, limiting analysis to the aggregated institutional level. In 

January 2017, we 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 of AMU was 10.6% and HAI was 4.7%. Presence 

of a coordinating physician (Odds ratio (OR): 0.3; 95% confidence interval 

(CI): 0.2–0.6), antimicrobial stewardship committee (OR: 0.2; 95%; CI: 0.1–

0.6), healthcare assistants (OR: 0.9; 95% CI: 0.9–1.0), antimicrobial 

consumption feedback (OR: 0.3; 95% CI: 0.1–0.6) and medical care by 

personal general practitioner (OR: 0.6; 95% CI: 0.7–1.0) were associated with 

less AMU and feedback on surveillance of infection prevention and control 

(IPC) practices (OR: 0.6; 95% CI: 0.3–1.0) with less HAI. AMU and HAI varied 

significantly between LTCF. 

Conclusions: Multilevel modelling identified significant inter-facility 

variation, as well as institutional factors associated with AMU and HAI. An 

antimicrobial stewardship committee linked with feedback on IPC and 

prescribing was associated with reduced AMU and HAI.  
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2.3 Introduction 

Residents in long-term care facilities (LTCF) are prone to healthcare-

associated infections (HAI) due to co-morbidities with invasive procedures 

and exposure to indwelling devices (212). 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 mixed-care types (213). Due to residents’ characteristics, 

such as co-morbid conditions, physical and functional 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 urinary tract infection (UTI), respiratory tract 

infection (RTI) and skin and soft tissue infection (SSTI) being the most 

common infections for which antimicrobials are prescribed (65, 71). Prior 

studies have reported that nearly half of the AMU in LTCF is unnecessary (75, 

215). Inappropriate prescribing can be due to the wrong antimicrobial, 

indication, treatment duration or dosage. Antimicrobials account for 20% of 

adverse drug events (ADEs) in nursing homes (75). Long-term AMU, 

particularly in LTCF, has been linked to Clostridium difficile infection (CDI), 

mucosal candidiasis, pulmonary and liver damage, and increased risk of 

colorectal adenoma (216, 217). 

There is substantial variation in AMU and healthcare-associated infections 

(HAI) between LTCF and between countries (141, 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 EU/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 2016) (71, 90). 

Judicious AMU through active antimicrobial stewardship programmes is 

essential to slow the emergence of multidrug-resistant organisms (MDRO) 

(219). While hospital antimicrobial stewardship programmes reduce the 
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incidence of HAI, MDRO colonisation and CDI, their implementation in LTCF 

is more challenging (75, 220). The United States (US) Centers for Disease 

Control and Prevention (CDC) published an antimicrobial stewardship 

guideline specific to LTCF (170), but no such guidelines exist at the EU level, 

even though some European countries have specific guidelines for 

antimicrobial prescribing in LTCF (221). 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, the influence of family and nursing 

staff, and the availability of guidelines (222). 

HAI risk factors in LTCF can be related to the individual resident, the 

environment/institution or the treatments given (223, 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 skin breaks such as pressure sores (120, 225). 

The healthcare-associated infections in long-term care facilities (HALT) PPS 

have been conducted in the EU/EEA on three occasions since 2010, most 

recently in 2016–17 (71, 85, 90). We evaluated the association between 

institutional and resident factors and AMU and HAI in Ireland, using a 

combination of HALT 2016 data and additional resident risk-factor data 

sought retrospectively. 

2.4 Methods  

2.4.1 Study design and settings 

HALT is coordinated by the European Centre for Disease Prevention and 

Control (ECDC), according to a standardised protocol, with the aim of 

evaluating AMU and HAI in LTCF (213). 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: n = 69; 2011: n = 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 2017 (71). 

2.4.2 Study participants 

Eligible residents from participating LTCF were included in the study, with 

demographic information, risk factors, AMU and the presence of active HAI 

recorded. Residents were considered eligible if they met the surveillance 

case definition of active HAI and/or were prescribed systemic antimicrobials 

on the PPS date. HAI was defined using the updated standardised definitions 

(McGeer criteria (175)) 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 

denominator and risk factor data, such as age > 85 years, indwelling device 

use, etc., along with LTCF bed occupancy, medical care coordination, and IPC 

and antimicrobial stewardship activities and resources. Resident 

questionnaires recorded demographic and risk factor information 

(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 questionnaires were entered into the HALT software. 

The first analysis was based on Ireland’s HALT 2016 results, looking at 

aggregated data and the variation between 224 participating LTCF. 

However, to explore the effects of LTCF characteristics on individuals and 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 on all current 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 

that each LTCF’s overall resident population would be unlikely to have 

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 

the ‘additional database’. HALT 2016 residents were matched 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 from the original HALT 

2016 database (Figure 2.1). 

  

Figure 2. 1 Flow diagram matching HALT 2016 data with additional database, 

Ireland, 2017. 

AMU: antimicrobial use; HAI: healthcare-associated infection; HALT: healthcare-associated infections 

in long-term care facilities; LTCF: long-term care facility. 

2.4.4 Outcome variables 

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

and HAI calculated per 1,000 residents. Mathematically expressed as: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6247462/figure/f1/
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PrevalenceofAMU

=
Totalnumberofresidentsonantimicrobialsonthedayofsurvey

TotalnumberofresidentsinLTCFonthedayofsurvey
𝑋1,000 

PrevalenceofHAI

=
TotalnumberofresidentswithactiveHAIonthedayofsurvey

TotalnumberofresidentsinLTCFonthedayofsurvey
𝑋1,000 

The outcome variables for the additional database LTCF were ‘resident with 

AMU (yes/no)’ and ‘resident with HAI (yes/no)’. 

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 stewardship activities; for HAI, these 

include IPC activities in the LTCF (Table 2.1). 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6247462/table/t1/
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Table 2. 1 Variables available for antimicrobial use and healthcare-associated 

infection at long-term care facilities, HALT 2016 (n = 224) and additional database 

(n = 80), Ireland, 2017. 

Outcome Variable 

Antimicrobial use (AMU) •Percentage of residents > 85 years 

•Percentage of male residents 

•Percentage of residents with urinary catheter 

• LTCF type 

• LTCF size 

• Number of whole-time equivalent healthcare  

   assistants 

• Presence of internal coordinating physician for medical  

   care 

• Physician in charge of medical coordination can  

    consult medical records of residents 

• Presence of antimicrobial stewardship committee 

• System to provide feedback to prescribers on  

  antimicrobial consumption 

• Microbiological sample taken before antimicrobial  

   started 

• Permission required for prescribing restricted  

   antimicrobials 

• Presence of at least one antimicrobial prescribing  

   guideline (UTI or RTI or SSTI) 

• Medical care provided by personal GP or others 

• Use of a restrictive list of antimicrobials 

Healthcare- associated 

infections 

(HAI) 

• Percentage of residents > 85 years 

• Percentage of male residents 

• Percentage of residents with a urinary catheter 

• Percentage of residents with pressure sores 

• Percentage of single rooms 

• Development of a care protocol 

• Feedback of surveillance results to staff on IPC  

   practices 

• Decision on isolation and precautions of residents  

   colonised with resistant microorganisms 

• Presence of an IPC committee 

HALT: healthcare-associated infections in long-term care facilities; IPC: infection prevention and 

control; LTCF: long-term 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 resident information and (ii) 

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 approach) to compare the AMU 

and HAI prevalence in LTCF. A negative binomial regression was used to 

model count data when the outcome was overdispersed (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 

prevalence rate ratios (PRR). 

The multi-level 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 multi-level model was 

checked by introducing LTCF-level 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 statistically significant 

(log-likelihood ratio test statistic with p value < 0.05) (227). Caterpillar plots 

were generated to compare the variance within and between LTCF. The 

model-building process used a forward stepwise selection process and 

individual (resident)-level variables were first introduced followed by group 

(LTCF)-level variables. Due to high collinearity between explaining variables, 

each variable was introduced separately and variables with a p value < 0.25 

were retained in the model (228). 

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

HAI was calculated for the fixed effects. The Larsen’s median OR (mOR) was 

calculated for each model to compare the differences in the outcome 

between LTCF (187, 188). The mOR for each LTCF is the median value of the 

distribution of the OR when randomly picking two residents 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 HAI (187-189). For 

each mOR, a Bayesian credible interval (Crl) was calculated based on the 

distribution of mOR, comparable to the CI of a fixed-effect 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 multi-level regression analysis was performed in STATA 

(version 13.0). The Crl for the mOR was calculated in MLwiN (version2.35). 

A p value of < 0.05 was considered significant. A chi-squared test was used 

to test the difference between HALT 2016 and additional database 

information for categorical variables and t-test for numeric variables. 

2.5 Results 

2.5.1 Long-term care facilities and residents 

In the HALT 2016, 224 LTCF participated. Of those, there were 102 (45.5%) 

nursing homes (NH), 46 (20.5%) mixed-care facilities and 31 (13.8%) 

intellectual disability facilities (not shown in Table 2.2). Of 10,044 residents, 

38.2% were male, 38.8% were > 85 years, 6.6% had urinary catheterisation 

and 3.2% had a pressure sore (Table 2.2). 

 

 

 

 

 

 

 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6247462/table/t2/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6247462/table/t2/
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Table 2. 2 Univariate comparison of general characteristics between the HALT 2016 and additional database, Ireland, 2017. 

Resident characteristics 

HALT 2016 

(n = 10,044 residents) 

Additional database 

(n = 3,816 residents) p value 

N % n % 

Residents with AMU 1,029 10.3 404 10.6 Ns 

Residents with HAI 638 6.4 179 4.7 0.002b 

Residents aged > 85 years 3,895 38.8 1,457 38.2 Ns 

Male residents 3,836 38.2 1,500 39.3 Ns 

Residents with a urinary 

catheter 
661 6.6 287 7.5 Ns 

Residents with pressure sores 324 3.2 146 3.8 Ns 

LTCF characteristics n % n % p value 

Single rooma 5,634 73.6 1,514 75.8 0.043b 

 Median (SD) Range Median (SD) Range p value 

LTCF size 41.5 (34.3) 5–176 72.0 (45.5)  10–176 Ns 

WTE HCA 20.0 (23.5) 0–198 31.1 (43.5) 0–198 Ns 

AMU: antimicrobial use; HAI: healthcare-associated infection; HALT: healthcare-associated infections in long-term care facilities; HCA: healthcare assistant; LTCF: long-

term care facility; Ns: not significant; SD: standard deviation; WTE: whole time equivalent. 
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 

residents compared with the number reported in HALT 2016 (> 35). 

Therefore, for 80 LTCF, additional information was reported on 3,816 

current residents (Figure 2.1). Of the 80 LTCF, 404 residents had AMU 

(10.6%) and 179 had HAI (4.7%) (Table 2.2). 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 shown in Table 2.2). 

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 committee (Table 2.3). 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6247462/figure/f1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6247462/table/t2/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6247462/table/t2/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6247462/table/t3/
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Table 2. 3 Overview of long-term care facility-level variables, HALT 2016 (n = 224) and additional database (n = 80), Ireland, 2017. 

LTCF characteristics 
HALT 2016 (n = 224) 

Additional database (n = 80) 

AMU HAI 

n % n % p valuea n % p valuea 

Internal coordinating physician for medical care 60 26.8 23 28.7 Ns NA NA NA 

Physician in charge of medical coordination may 

consult medical records of residents 

168 75.0 57 71.3 Ns NA NA NA 

Antimicrobial stewardship committee 5 2.2 3 3.7 Ns NA NA NA 

Feedback to prescriber on antimicrobial consumption 32 14.3 9 11.3 Ns NA NA NA 

Microbiological sample taken before antimicrobials 

started 

43 19.2 16 20.0 Ns NA NA NA 

Permission required for prescribing restricted 

antimicrobials 

22 9.8 8 10.0 Ns NA NA NA 

Antimicrobial treatment guidelines (at least one: UTI, 

RTI, SSTI) 

116 51.8 36 45.0 Ns NA NA NA 

Medical care provided by personal GP only 111 49.5 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 

practices 

146 65.8 NA NA NA 49 61.3 Ns 

Decision on isolation and precautions of residents 

colonised with resistant microorganisms 

189 84.4 NA NA NA 67 83.7 Ns 

IPC committee 137 61.2 NA NA NA 45 56.3 Ns 

 AMU: antimicrobial use; GP: general practitioner; HAI: healthcare-associated infection; HALT: healthcare-associated infections and antimicrobial use in long-term care 

facilities; IPC: infection prevention and control; LTCF: long-term care facilities; NA: not applicable; Ns: not significant; RTI: respiratory tract infections; SSTI: skin/soft tissue 

infection; UTI: urinary tract infections. ap values calculated for HALT 2016 vs additional database. 
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Of the 80 LTCF that provided additional information, 46 (57.5%) had 

participated in both HALT 2013 and 2016 (not shown in Table 2.2). The 

characteristics of the 80 LTCF that provided additional information did not 

differ significantly 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 2.2 and 2.3). 

2.5.2 Negative binomial regression analysis 

The result of the negative binomial regression analysis showed that LTCF 

with more catheterised (urinary) residents had higher AMU (by 4%) and HAI 

(by 10%). None of the other LTCF-related risk factors were found to be 

associated with AMU or HAI (Table 2.4). 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6247462/table/t2/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6247462/table/t2/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6247462/table/t3/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6247462/table/t4/
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Table 2. 4 Comparison of negative binomial regression and multi-level logistic regression analysis for antimicrobial use and healthcare-

associated infections, HALT 2016 and additional database, Ireland, 2017. 

 Negative binomial regression analysisb Multi-level logistic regression analysisc 

 

AMU HAI AMU HAI 

IRR 95% CI IRR 95% CI OR 95% CI OR 95% CI 

Resident-level 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 1.5–3.1a 2.6 1.7–4.1a 

LTCF-level variables 

% resident > 85 years 1.0 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 

catheter 
1.04 1.0–1.05a 1.1 1.0–1.2a NA NA NA NA 

Internal coordinating physician 

for medical care 
0.9 0.6–1.5 NA NA 0.3 0.2–0.6a NA NA 

Physician in charge of medical 

coordination may consult medical 

records of residents 

1.4 0.8–2.6 NA NA 1.8 1.0–3.5 NA NA 

Antimicrobial stewardship 

committee 
0.7 0.2–1.8 NA NA 0.2 0.1–0.6a NA NA 

Feedback to prescriber on 

antimicrobial consumption 
1.4 0.9–2.2 NA NA 0.3 0.1–0.6a NA NA 

Microbiological sample taken 

before antimicrobials started 
0.7 0.4–1.0 NA NA 2.5 1.3–4.6a NA NA 

Permission required for 

prescribing restricted 

antimicrobials 

1.1 0.6–1.9 NA NA 1.4 0.7–3.1 NA NA 

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 analysisb Multi-level logistic regression analysisc 

 

AMU HAI AMU HAI 

IRR 95% CI IRR 95% CI OR 95% CI OR 95% CI 

(at least one: UTI, RTI, SSTI) 

Medical care provided by 

personal GP only 
1.3 0.9–1.9 NA NA 0.6 0.7–1.0a NA NA 

Use of a restrictive list of 

antimicrobials in LTCF 
1.2 0.9–1.9 NA NA 1.7 1.0–3.1 NA NA 

LTCF size 1.0 0.9–1.0 NA NA 1.0 1.0–1.01 NA NA 

WTE HCA 1.0 1.0–1.01 NA NA 0.9 0.98–1.0a 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 

pressure sores 
NA NA NA NA NA NA 1.0 0.8–1.1 

Development of IPC care protocol NA NA 0.7 0.4–1.2 NA NA 1.5 0.8–2.6 

Feedback of surveillance results 

to staff on IPC practices 
NA NA 0.7 0.4–1.2 NA NA 0.6 0.3–1.0a 

Decision on isolation and 

precautions of residents 

colonised with resistant 

microorganisms 

NA NA 1.4 0.7–2.8 NA NA 1.7 0.8–3.7 

IPC committee NA NA 0.8 0.5–1.3 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 2.4 1.1–5.2a 2.8 1.0–7.5a 

Intellectual disability facilities 0.6 0.5–1.7 0.6 0.3–1.3 6.1 2.0–18.4a 1.5 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 σ2 SD σ2 SD 

Empty Model NA NA NA NA 0.5 0.2 0.4 0.2 

Final Model NA NA NA NA 0.2 0.1 0.3 0.2 
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 Negative binomial regression analysisb Multi-level logistic regression analysisc 

 

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 

 σ2: variance; CI: confidence interval; CrI: credibile interval; DIC: deviance information criteria; GP: general practitioners; HALT: healthcare-associated infections and 

antimicrobial use in long-term care facilities; HCA: healthcare assistant; IPC: infection prevention and control; IRR: incidence rate ratio; LTCF: long-term care facility; 

OR: odds ratio; RTI: respiratory tract infections; SD: standard deviation; SSTI: skin/soft tissue infection; UTI: urinary tract infections; WTE: whole time equivalent. 
aSignificant p value at < 0.05.  bBinomial regression analysis was performed on all 224 LTCF from HALT 2016.  cMultilevel 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, showed substantial 

variation between LTCF in AMU and HAI (Figures 2.2A and 2.2B).  

 

Figure 2. 2 Caterpillar plot showing variance in (A) antimicrobial use and (B) 

healthcare-associated infections in long-term care facilitiesa, HALT 2016 and 

additional database, Ireland, 2017. 

HALT: healthcare-associated infections and antimicrobial use in long-term care facilities; LTCF: long 

term care facilities. aAfter correcting for LTCF characteristics. 

 

 

For both AMU and HAI, significant resident- and LTCF-level variables are 

presented in the final model (Table 2.4). AMU was double in residents with 

a urinary catheter (OR: 2.2; 95% CI: 1.5–3.1) regardless of LTCF type. HAI in 

residents with a urinary catheter was also double compared with residents 

without a catheter (OR: 2.6; 95% CI: 1.7–4.1), particularly in residents of 

intellectual disability facilities, as compared with nursing homes or mixed-

care facilities (Figures 2.3A and 2.3B). 

  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6247462/figure/f2/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6247462/figure/f2/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6247462/table/t4/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6247462/figure/f3/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6247462/figure/f3/
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Figure 2. 3 Predicted probabilities of (A) antimicrobial use and (B) healthcare-

associated infections by long-term care facility types, HALT 2016 and additional 

database, Ireland, 2017. 

HALT: healthcare-associated infections and antimicrobial use in long-term care facilities; LTCF: long-

term care facilities, IDF: intellectual disability facilities. 

 

The presence of an internal coordinating physician for medical care (OR: 0.3; 

95% CI: 0.2–0.6), an antimicrobial stewardship committee (OR: 0.2; 95% CI: 

0.1–0.6), a system to provide feedback to GP on antimicrobial consumption 

(OR: 0.3; 95% CI: 0.1–0.6) and medical care provided by personal GP 

(OR: 0.6; 95% CI: 0.7–1.0) were all significantly associated with reduced 

prevalence of AMU. An increase in whole-time equivalent (WTE) healthcare 

assistants (HCA) was associated with reduced AMU prevalence (0.9 for every 

WTE). Taking a microbiological sample before starting antimicrobials 

increased the likelihood of AMU by 2.5 (95% CI: 1.3–4.6). The odds of AMU 

was much higher for nursing home residents (OR: 2.4; 95% CI: 1.1–5.2) and 

intellectual disability facility residents (OR: 6.0; 95% CI: 2.0–18.4), compared 

with other LTCF types (Table 2.4). 

Staff feedback on surveillance results of IPC practices was associated with a 

reduction in HAI (OR: 0.6; 95%: CI 0.3–1.0). 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6247462/table/t4/
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Nursing home residents were nearly three times more likely to have HAI 

(OR = 2.895% CI: 1.0–7.5) than residents of other LTCF (Table 2.4). 

For both AMU and HAI, large inter-facility differences were observed; the 

mOR for AMU was 2.2 (95% CrI: 1.8 –2.8) and for HAI was 2.1 (95% CrI: 1.5–

3.1), indicating a doubling of the odds for both conditions if an imaginary 

median resident moved from a lower risk LTCF to a higher risk o6tne (Table 

2.4). 

2.6 Discussion  

To our knowledge, this is the first multi-level regression analysis of 

information from the HALT 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 considered to improve 

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 aggregated-level 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 institutional-level 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 and higher 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 imaginary median 

resident if they moved from a low-risk LTCF to a high-risk one. Conversely, 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6247462/table/t4/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6247462/table/t4/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6247462/table/t4/
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the median OR also showed that addressing institutional risk factors could 

theoretically halve HAI and AMU prevalence. 

Formation of a local antimicrobial stewardship committee, 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, such as the appointment of internal coordinating physicians or 

increasing the number of WTE HCA. 

2.6.1 Strength and limitations 

The multi-level regression analysis was not specified in advance of the HALT 

2016 survey and the additional data collection may have introduced a bias. 

The additional data on age, sex, urinary catheter use and disorientation may 

only explain part of the case-mix variability with other factors captured in 

the ‘unexplained’ variation in the model. However, the comparison of the 

HALT 2016 database 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 more, this 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 collect additional 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 introduced bias. Although a change in outcome 

is not anticipated by this action, such a bias cannot be checked for nor its 
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direction be anticipated. However, collection of limited additional 

information on all residents in future HALT studies may show this association 

to be stronger than was found by our study. 

In a PPS, participating residents’ outcome and exposure are measured at the 

same time, which makes it difficult to derive the direction of the associations 

found (231). Finally, the quality of data collected in any PPS depends on good 

participation and is 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 literature 

Antimicrobial stewardship provides standard, evidence-based approaches 

to encourage judicious AMU (232). Some perceived barriers in antimicrobial 

stewardship programmes are physician practice/compliance (69%) and 

patient/family expectations (15%) (233). Risk factors identified in relation to 

clinical practice are the ‘treat first attitude’ and the lack of knowledge 

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 home study from 

Northern Ireland showed appropriate prescribing was associated with 

regular physician visits (235). Our study showed the impact of medical care 

provided by a personal GP in reducing AMU, as GP were considered to be 

more familiar with the resident’s medical history and conditions over time, 

which seemed to limit antimicrobial prescribing. Prescribing practices by 

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

were not as familiar with the individual resident’s history (235-238). Our 
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study supports the appointment of an internal coordinating physician and 

the maintenance of medical care by personal GP in resident care to support 

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 education reduces inappropriate AMU (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 LTCF. This 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 2009(221). 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 risk factor 

associated with higher AMU prevalence. A 2014 study also reported that 

UTIs were associated with catheter use in both acute care facilities (20%) 

and LTCF (50%) (101). A previous study from our group reported an 

association between AMU and urinary catheterisation, in particular that 

AMU in catheterised residents was more likely to be prophylactic. According 

to guidelines, catheterisation is not a sufficient indication for any 

antimicrobial, either therapeutic or prophylactic (134). Hence, this is an area 

where AMU could be improved substantially. 
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2.7 Conclusion  

Collection of some limited additional resident risk factor data after HALT 

2016 facilitated multi-level model analysis and thus identification of 

significant individual and institutional risk factors for AMU and HAI in Irish 

LTCF, with significant inter-facility variation for both conditions. Our analysis 

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 stewardship committee, 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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 Antimicrobial prescribing guidelines do not recommend prophylactic 

antimicrobial use (AMU) in long-term care facilities (LTCF). 

 Of the 10% residents who are on antimicrobials, 40% were on 

prophylactic antimicrobials in LTCF. 

 Prophylactic AMU was reported more often in HALT 2016 than in 

2013. However, no difference was observed for those LTCF that 

participated in both surveys. 

 A majority of the prophylactic AMU was for conditions related to the 

urinary tract, followed by respiratory tract and skin and wound. 

 Nitrofurantoin and trimethoprim were more often prescribed for 

urinary tract, macrolides for respiratory tract and macrolides and 

tetracycline for skin and wound.  

 Female residents, residing in LTCF for more than a year and with a 

urinary catheter were more likely to be on prophylactic AMU. 

 Prophylactic AMU should be a key priority in the antimicrobial 

stewardship initiatives to reduce inappropriate AMU in LTCF.  
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3.2 Abstract 

Background: Long-term care facilities (LTCF) are important locations of 

antimicrobial consumption. Of particular concern is inappropriate 

prescribing of prophylactic antimicrobials. 

Aim: We aimed to explore factors related to antimicrobial prophylaxis in 

LTCF in Ireland. 

Methods: The point prevalence surveys of Healthcare-Associated Infections 

in Long-Term Care Facilities (HALT) were performed in Ireland in May 2013 

and 2016. Data were collected on facility (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: In 2013, 9,318 residents (in 190 LTCF) and in 2016, 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 trimethoprim (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. Prophylaxis 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. 

Conclusions: 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 key objective of antimicrobial stewardship initiatives. 
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3.3 Introduction 

Antimicrobial resistance (AMR) is a major global concern. The overuse and 

misuse of antimicrobials in both humans and animals, as well as the release 

of active antimicrobials to the environment, are the leading drivers of AMR 

(42). To date, there have been three surveys on Healthcare-Associated 

Infections in Long-Term Care Facilities (HALT) in the European Union 

(EU)/European Economic Area (EEA) (2010, 2013 and 2016/17), coordinated 

by the European Centre for Disease Prevention and Control (ECDC) (37, 173, 

241). The second EU/EEA point prevalence survey (PPS) of healthcare-

associated infections (HAI) and antimicrobial use in long-term care facilities 

(LTCF), performed in 2013, reported a crude European prevalence of 

residents on antimicrobials in LTCF of 4%, ranging from 1% in Hungary to 

12% in Greece (37). In Ireland, the figure 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 average (90). A considerable proportion (28%) of 

antimicrobial use in LTCF in EU/EEA region was prophylactic (37, 173). In 

Ireland, the figure was even higher, at 38% (90). 

The Irish Health Service Executive (HSE), and the United Kingdom’s National 

Institute for Health and Care Excellence (NICE) have issued antimicrobial 

prescribing guidelines for various infections both in and outside LTCF (134, 

242). Nevertheless, prophylactic antimicrobial prescribing which is 

unsupported by evidence or contrary to guidance is widely practised in LTCF 

(37, 173). A narrative review of antimicrobial prescribing in nursing homes 

showed that nearly 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 difficile infection 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 long-term use of nitrofurantoin) (216, 243). 

Antimicrobial consumption also places the patient at increased risk of 
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colonisation with antimicrobial resistant organisms, which may compromise 

their subsequent treatment options (244). Long-term antimicrobial 

prescribing has also been linked to an increased risk of colorectal adenoma 

(217). Therefore, antimicrobial prophylaxis should be limited to specific, 

well-accepted indications to avoid patient harm and costs, in addition to 

controlling AMR (128). 

The population of Europe is ageing rapidly, with a projected old-age 

dependency ratio (above 65 years of age) increasing from 28% in 2014 to 

50% by 2060 (245). This ageing population is a major cause of pressure on 

healthcare systems and costs (246) and is associated with increased demand 

for nursing homes and LTCF capacity (65). In 2013, the total LTCF capacity 

was estimated to be 3.6 million beds in 63,224 facilities for older adults in 

EU/EEA countries (37). LTCF are therefore an important component of 

healthcare systems in many high-income countries with 2–5% of the older 

population residing in LTCF (75). 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 antimicrobial consumption (65-67). 

Irish HALT survey reports have been published (71, 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 (HAI-Net) of the ECDC (37). The overall aim of HALT was to support 

the prevention and control of HAI and reducing antimicrobial use and AMR 

in the EU/EEA. In Ireland, the HALT PPS was coordinated by the Health 

Protection Surveillance Centre (HPSC). 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 

survey was issued by ECDC’s HALT coordinating team and was adapted for 

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 HALT 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 obtain information about the LTCF’s characteristics as well as 

anonymised data on the resident population (71, 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 active HAI and/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 questionnaire. 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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HAI were defined using the updated standardised 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 (CDC)  (247). 

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 collectors followed the 

algorithm provided in the resident questionnaire. 

Descriptive statistics and multiple logistic regression analysis were carried 

out in R software v3.4.1  (248). Data from both PPS were combined together 

and multiple logistic regression were applied for the outcome prophylactic 

prescribing (prophylactic vs therapeutic) from the residents receiving 

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 

(249). Resident’s status of either prophylactic or therapeutic was recorded 

after reviewing the resident’s medical and nursing notes and/or contacting 

coordinating physicians or general practitioners and/or reviewing the 

resident’s discharge letter if the antimicrobial was started in hospital. The 

variables for multiple regression analysis were identified based on previous 

HALT reports and literature review. The regression analysis used 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 changes occurred in the outcome, and no differences were observed. 

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

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

significant. The p value for the difference in prophylactic prescribing in two 
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PPS for different types of LTCF was derived from the chi-squared 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 antimicrobials 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 both HALT PPS (2013 and 2016), of which 100 LTCF reported 

1,035 residents on an antimicrobial on the day of survey (Table 3.1). Overall, 

the total number 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 3.1). 
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Table 3. 1 Comparison of prophylactic antimicrobial use by care types in HALT, Ireland 2013 and 2016. 

LTCF types 

HALT 2013 (n = 9,318) HALT 2016 (n = 10,044) 

p 

valuec 
No of 

LTCF 

Residents 
No of 

LTCF 

Residents 

Total 
AMa Prophylactic AMb 

Total 
AMa Prophylactic AMb 

n % n % n % n % 

Participated in both surveys (119 LTCF) 

GNH 58 2,881 314 10.9 120 38.2 54 2,725 235 8.6 104 44.3 0.18 

Mixed facility 26 1,447 79 5.5 32 40.5 24 1,397 149 10.7 48 32.2 0.27 

IDF 19 833 72 8.6 38 52.8 19 892 61 6.8 30 49.2 0.81 

Psychiatric 7 200 10 5.0 4 40.0 7 173 10 5.8 5 50 0.65 

Palliative 4 90 30 33.3 10 33.3 4 93 30 32.3 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 0.99 

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 9.5 213 43.2 0.10 

Mixed facility 32 1,571 165 10.5 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 34.8 10 32.3 7 134 44 32.8 9 20.5 0.24 

Rehabilitation 3 139 14 10.1 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 

Others 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 42.5 0.06 

AM: antimicrobials; GNH: general nursing homes; HALT: healthcare-associated infections in long-term care facilities; IDF: intellectual disability facility; LTCF: long-term 

care facility; NA: not applicable. 
a Denominator for percentages is total residents in the facility. 
b Denominator for percentages is AM. 
c 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 participated in both 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 3.1). 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 

In both surveys, of all prophylaxis prescribed (n = 350 in 2013 and n = 417 in 

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% and 4%) (Not shown in table). Similarly, 

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

all prophylaxis prescribed (n = 206 in 2013 and n = 206 in 2016) for the 119 

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 2013 (13%) for respiratory 

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

2016 (26%) than in 2013 (16%) for the respiratory tract of all antimicrobials 

prescribed, both prophylactic and therapeutic (n = 265 in 2013 and n = 282 

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 years (Figure 3.1B). Prophylaxis for other 

https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2019.24.11.1800102#t1
https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2019.24.11.1800102#f1
https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2019.24.11.1800102#f1
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indications was higher in 2016 (27%) compared with 2013 (23%) (Figure 

3.1B). 

 

Figure 3. 1 Proportion of residents prescribed prophylactic antimicrobials, by 

body site targeted, healthcare-associated infections in long-term care facilities 

point prevalence surveys, Ireland, 2013 and 2016, (A) in long-term care facilities 

which participated in both surveys (n=119) and (B) in long term care facilities 

which participated in either survey (n=190 in 2013 and n=224 in 2016). 

 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 antimicrobials by body site 

Figure 3.2 displays 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 surveys, nitrofurantoin (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%) and penicillin (8% and 26%) for skin or wounds 

https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2019.24.11.1800102#f1
https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2019.24.11.1800102#f1
https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2019.24.11.1800102#f2
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in respective years (Figure 3.2A). The prophylactic prescribing of macrolides 

for respiratory tract and tetracycline for skin or wounds was higher in 2016 

compared with 2013. 

 

Figure 3. 2 Breakdown of antimicrobial agents’ prophylaxis by top three body 

sites, healthcare-associated infections in long-term 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 prescribed 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% and 0% (Figure 3.2B). 

https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2019.24.11.1800102#f2
https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2019.24.11.1800102#f2
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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 interquartile range of 71–88 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%, 174/395). Table 3.2 displays 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%). 

https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2019.24.11.1800102#t2
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Table 3. 2 Multiple logistic regression analysis of prophylactic vs therapeutic antimicrobial prescribing in long-term care facilities, Ireland, 

Healthcare-Associated Infections in Long-Term Care Facilities (HALT) 2013 (n = 190 facilities) and 2016 (n = 224 facilities). 

Characteristics Total 
Prophylactic Multivariate analysis 

n % OR (95% CI) p value 

Age 
< 85 years 1,123 444 39.5              ref 

> 85 years 735 307 41.8 1.04 (0.8–1.3) 0.37 

Sex 
Male 696 243 34.9            ref 

Female 1,162 508 43.7 1.5 (1.2–1.8) < 0.001a 

LOS 
< 1 year 604 175 28.9             ref 

> 1 year 1,254 576 45.9 1.4 (1.1–1.8) 0.004 a 

Hospital admission b 
No 1,445 649 44.9             ref 

Yes 413 102 24.7 0.5 (0.4–0.7) < 0.001 a 

Urinary catheter 
No 1,603 636 39.7             ref 

Yes 255 115 45.1 1.8 (1.4–2.5) < 0.001 a 

Vascular catheter 
No 1,802 747 41.5             ref 

Yes 56 4 7.1 0.2 (0.1–0.4) < 0.001 a 

Incontinence 
No 648 220 33.9             ref 

Yes 1,210 531 43.9 1.3 (1.1–1.7) 0.005 a 

Pressure sore 
No 1,753 722 41.2             ref 

Yes 105 29 27.6 0.6 (0.4–1.0) 0.03 a 

Facility type 

GNH 1,034 417 40.3           ref 

IDF 207 108 52.2 1.5 (1.1–2.2) 0.007 a 

Mixed 410 162 39.5 1.0 (0.8–1.3) 0.92 

Other 207 64 30.9 1.0 (0.7–1.4) 0.87 

Participation in HALT surveys 

2013 only 382 140 36.6             ref  

2016 only 461 210 45.5 1.6 (1.2–2.1) 0.002 a 

Both (2013 and 2016) 1,015 401 39.5 1.2 (1.0–1.6) 0.09 

Note: CI: confidence interval; GNH: general nursing home; HALT: healthcare-associated infections in long-term care facilities; IDF: intellectual disability 

facility; LOS: length of stay in long-term care facility; OR: odds ratio; ref: reference value. 
a Indicates significant p value of < 0.05., b Indicates hospital admission in last 3 months of survey
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The results of multiple logistic regression analysis demonstrated an 

increased odds of prophylaxis for IDF residents, for those residents more 

than 1 year in the LTCF, for females, with the presence of a urethral catheter 

and with incontinence (Table 3.2). Residents who had a pressure sore or a 

recent hospital admission were less likely to be on antimicrobial prophylaxis, 

although pressure sore was 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 surveys showed no difference in prophylaxis 

prescribing between the surveys (Table 3.2). 

3.5.5 Unusual prophylactic prescribing in long-term care facilities 

There was 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 wound prophylaxis. In both PPS, there 

were residents prescribed two different prophylactic antimicrobials (n = 4 in 

2013; n = 6 in 2016). Indeed, there was one resident in 2013 simultaneously 

prescribed three antimicrobials (co-amoxiclav, nitrofurantoin and 

trimethoprim) as urinary tract prophylaxis. Some residents were 

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 received two types of antimicrobial prophylaxis for 

different body sites (Table 3.3). 

https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2019.24.11.1800102#t2
https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2019.24.11.1800102#t2
https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2019.24.11.1800102#t3
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Table 3. 3 Special cases in the studies (prophylactic and therapeutic antimicrobial 

prescribing). 

HALT-2013 HALT- 2016 

Residen

t 

Antimicrobial Prescribed 

for 

Residen

t 

Antimicrobial Prescribed 

for 

R13_1 Doxycycline (P) S/W R16_1 Azithromycin(P) RT 

Rifampicin (P) S/W Nitrofurantoin(P) UT 

R13_2 Nitrofurantoin(P) UT R16_2 Doxycycline(P) S/W 

Cephalexin(P) UT Nitrofurantoin(P) UT 

R13_3 Mycostatin (P) ENM R16_3 Nitrofurantoin(P) UT 

Co-amoxiclav (T) RT Doxycycline(P) S/W 

R13_4 Erythromycin(P) other R16_4 Cefalexin(P) UT 

Co-amoxiclav (T) RT Trimethoprim(P) UT 

R13_5 Trimethoprim(P) UT R16_5 Trimethoprim(P) UT 

Ciprofloxacin(T) UT Co-amoxiclav (T) RT 

R13_6 Mycostatin(P) ENM R16_6 Cefaclor(P) S/W 

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 

Co-amoxiclav (P) UT Co-amoxiclav (T) RT 

Trimethoprim(P) UT Chloromycetin(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 

Co-amoxiclav(T) RT Co-amoxiclav (T) RT 

R13_13 Azithromycin(P) RT NA 

Trimethoprim(T) UT 

 ENM: ear, nose and mouth; HALT: healthcare-associated infections in long-term care facilities; P: 

resident is on prophylaxis with indicated antimicrobials; RT: respiratory tract; S/W: skin or wounds; 

T: resident is on therapeutic treatment with indicated antimicrobials; UT: urinary tract. 

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 facility, prophylactic use 

of antimicrobials was higher for LTCF only participating in the 2016 survey, 

compared with those only participating in 2013. It is unclear why there was 

more prophylactic prescribing in LTCF that performed the 2016 survey only. 

It might be expected 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 prophylactic prescribing. Only 119 LTCF 

participated in both surveys (2013 and 2016). However, the LTCFs 

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 participating LTCF may have 

been lower before 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 nursing staff, although 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 antimicrobials 

prescribed in LTCF were broad-spectrum/second-line (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 uncomplicated UTIs in the previous 

year) if the condition is chronic and impacts on the well-being of a patient 

(134). However, the scale of urinary tract prophylaxis in Irish LTCF suggests 

a more liberal use of prophylaxis. Positive urine dipsticks and asymptomatic 

bacteriuria are especially common in older adults and may be erroneously 

interpreted as representing 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 generally deemed a contraindication to 

prophylaxis (253). Similarly, a multilevel analysis of the additional collected 

data from HALT 2016 by the author showed urinary catheter as a key 

predictor of antimicrobial use in LTCF (254). 

Nitrofurantoin and trimethoprim were the main agents prescribed for 

urinary tract prophylaxis. Long-term use of nitrofurantoin is not advised, due 

to its hepatotoxicity (243) and pulmonary, nerve and liver adverse reactions 

reported as a result of long-term nitrofurantoin prophylaxis in elderly 

patients (255). 

The proportion of antimicrobials prescribed for respiratory tract prophylaxis 

was higher 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 

necessitate prophylactic antimicrobials  (257). Macrolides were the most 

common prescribed prophylaxis for respiratory tract, mainly azithromycin 

and erythromycin. This higher prescribing of prophylactic antimicrobials 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 

(COPD) (258). Azithromycin may be indicated for prolonged exacerbations 
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of COPD but prophylaxis should be initiated only upon the direction of a 

respiratory physician (134). 

Fluoroquinolones are not recommended as first-line agents for treatment of 

either upper or lower respiratory tract infections or UTIs and should only be 

used as reserved antimicrobials (134). This study found a limited number of 

fluoroquinolones prescribed as prophylaxis (2–5%) and cephalosporins 

accounted for 10% of prophylaxis. Although a relatively small proportion of 

antimicrobials are used for prophylaxis, the use of these agents is of more 

concern because of well-documented Clostridium difficile infection. Also, 

with advanced age and being immunocompromised, many LTCF residents 

have additional risk factors for C. difficile infection (259). Furthermore, use 

of fluoroquinolone was more often associated with adverse drug events 

than any other antimicrobial (260). 

The other common indication for prophylactic antimicrobials was skin or 

wound prophylaxis. In LTCF, wound infections are generally related to 

ageing, such as dry, pruritic skin, pressure ulcers, scabies, and tinea 

versicolour. Prophylaxis is not indicated for these conditions (120). 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 vulgaris, for which guidelines outline the long-term use 

of doxycycline. Prophylactic doxycycline for skin or wound was observed 

mainly in IDFs. Residents in IDF are generally younger and may have chronic 

skin wounds secondary to self-injurious 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 to be highly 

dependent and require long-term care (261). According to previous studies, 

residents living in nursing homes for at least 6 months are 40–70% more 

likely to receive at least one antimicrobial (75). 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 that the 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 the survey) 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 prophylactic 

antimicrobial highlights the importance of regular medicine reconciliation 

exercises. 

3.6.1 Limitations 

The participation of Irish LTCF in the HALT surveys was voluntary. LTCF with 

an interest in antimicrobial stewardship and HAI prevention may have been 

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 interpretations 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 determining duration of 

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

The risk-factor 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 compared with being on a therapeutic antimicrobial. This 

actually resulted in few significant results, which 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 the repeated 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 Irish LTCF. 

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 antimicrobial use in Irish LTCF, particularly 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 

initiatives, based on each LTCF’s survey results. 
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 Broad-spectrum or second-line antimicrobial use (AMU) is 

recommended only when narrow-spectrum or first-line antimicrobials 

are ineffective to treat infections. 

 In Ireland, of the total AMU in long-term care facilities (LTCF), 46% of 

antimicrobials were second-line antimicrobials.  

 Multilevel multinomial analysis of additional collected HALT data 

showed inter-facility variance in second-line AMU.  

 Provision of education and training on appropriate AMU substantially 

reduces second-line AMU.  

 Future antimicrobial stewardship intervention should include training 

and education on antimicrobial prescribing, which improves patient 

outcomes, unwanted effects, and AMR. 
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4.2 Abstract 

Background: Broad-spectrum, second-line antimicrobials may be prescribed 

when initial first-line options prove ineffective. This study compares 

prescribing practices and identifies potential influencing factors for first- and 

second-line antimicrobials in long-term care facilities. 

Design: Point prevalence survey of health care–associated infections and 

antimicrobial use in long-term care facilities (HALT), expanded by additional 

data collection. 

Setting: Long-term care facilities in Ireland. 

Participants: Of long-term care facilities 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 long-term care facility, and resident 

questionnaires were completed only for those residents who met a health 

care–associated infection surveillance definition and/or were prescribed a 

systemic antimicrobial. All participating long-term care facilities were 

contacted at a later time point to provide limited anonymized data (age, 

sex, urinary catheterization, and disorientation) on all current residents. 

These additional data were matched to the original data set, facilitating 

multilevel multinomial logistic regression (first-line/second-line/no 

antimicrobial). 

Results: Of 3677 residents in 77 long-term care facilities, 381 (10%) were 

prescribed systemic antimicrobials on the survey day. Of those, 46% were 

categorized as second-line choices, with substantial inter-facility variation 

observed with regard to prescription of first- versus second-line 

antimicrobials. The odds of a second-line antimicrobial prescription for a 

resident doubled when comparing the highest with the lowest prescribing 

long-term care facilities (median odds ratio = 2.0, credibility interval = 1.5-

https://www.sciencedirect.com/topics/medicine-and-dentistry/antiinfective-agent
https://www.sciencedirect.com/topics/medicine-and-dentistry/healthcare-associated-infection
https://www.sciencedirect.com/topics/medicine-and-dentistry/urinary-catheterization
https://www.sciencedirect.com/topics/medicine-and-dentistry/logistic-regression-analysis
https://www.sciencedirect.com/topics/medicine-and-dentistry/odds-ratio
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2.9). Male residents were less often prescribed first-line antimicrobials [odds 

ratio (OR) = 0.6, 95% confidence interval (CI) = 0.4-0.9, P = .02]. Long-term 

care facilities that reported the provision of education on antimicrobial 

prescribing use significantly less second-line antimicrobials (OR = 0.2, 95% 

CI = 0.1-0.7, P = .02). Females and residents with a urinary catheter were 

more likely to receive first-line antimicrobials. 

Conclusion/Implications: The use of second-line antimicrobials is common 

practice in long-term care facilities, but education and training on 

appropriate antimicrobial use has the potential to reduce second-line 

antimicrobial prescribing, improve patients' outcomes, and reduce 

antimicrobial resistance. 
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4.3 Introduction 

Long-term care facilities (LTCF) accommodate 2-5% of the older population 

in developed countries (75). In 2016, 3.6% of the population aged over 65 

years in Ireland resided in LTCF (77). LTCF residents are at higher risk of 

infection, with annual estimates of at least 2.6 million healthcare-associated 

infections  in European Union (EU)/ European Economic Area (EEA)  

countries (37) and between 1.6 and 3.8 million in the United States (262). 

Increased healthcare-associated infection risk potentially accelerates 

antimicrobial misuse and antimicrobial resistance (AMR) (263). There is 

substantial variation in antimicrobial prescribing, with 47- 79% of LTCF 

residents receiving antimicrobials each year and a high proportion of these 

are considered inappropriate (264). A European point prevalence survey of 

antimicrobial use in LTCF performed in 2013 found variation in national 

antimicrobial use prevalence from 1% in Hungary to 12% in Greece, with a 

mean of 4.4% (37). At 9.8% antimicrobial use in LTCF in Ireland was double 

the EU/EEA average (265). 

The association between antimicrobial use and the development of AMR has 

been reported in various studies (140, 266). Infection control measures and 

antimicrobial stewardship programmes are two key strategies to reduce 

AMR in LTCF (264). Antimicrobial stewardship is recommended to optimise 

the use of antimicrobials through effective implementation and appropriate 

use of antimicrobial prescribing guidelines (267). Noncompliant 

antimicrobial prescribing in LTCF is commonplace, estimated in excess of 

20% (215), particularly 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  (16%) (37), 

with the majority prescribed for the treatment of urinary tract infections 

(UTIs), respiratory tract infections (RTIs) and skin and wound infections, even 

though fluoroquinolones  are considered second-line agents for these 

common infections (134, 242). Similarly, prophylactic antimicrobial use 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 factors, this study analysed first and second-line 

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 LTCF in Ireland in 

May  2016 was performed (71). The HALT survey was undertaken according 

to a standard protocol, devised by the European Centre for Disease 

Prevention and Control. The participation of long-term care facilities were 

voluntary. 

4.4.2 Data collection 

For each LTCF, two sets of questionnaires were filled. An institutional 

questionnaire recorded aggregate data on the overall resident population 

and risk factors such as age above 85 years, indwelling devices, size of long-

term care facility, medical co-ordination, antimicrobial stewardship 

activities and resources from each participating LTCF. A resident 

questionnaire recorded demographic and 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 healthcare-associated 

infection (HAI) and/or those prescribed antimicrobials on the day of survey. 

As aggregate data was initially collected during May 2016, this reduced the 

potential to identify associations. To increase the power, all the LTCF that 

participated initially 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 individual factors (a multilevel approach). 

The decision to request additional information on current residents 8 

months (January 2017) following initial data collection (May 2016) was taken 

for 2 reasons. Firstly, collecting limited additional data was less laborious 

than repeating the entire surveys for the LTCF staff.  Furthermore, little 

changes in the overall resident population was assumed since the original 

PPS date. The retrospectively-collected information was then matched to 

the original database (HALT survey 2016), 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 Variables in the analysis  

The outcome variable was resident’s current antimicrobial use status: first-

line or second-line or no antimicrobial. Antimicrobials were categorised as 

either first-line or second-line according to the recommendations of the Irish 

national antimicrobial prescribing guidelines for primary care (134). First-

line according to indication were: 

 Urinary tract infection (UTI): nitrofurantoin, trimethoprim, 

sulfamethoxazole-trimethoprim, fosfomycin 

 Respiratory tract infection (RTI): Amoxicillin, doxycycline, 

clarithromycin, phenoxymethylpenicillin 

 Skin infections: Doxycycline, tetracycline, 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 facility), 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, physical disability care and other LTCF. Provision 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 antimicrobial use and the 

availability of a therapeutic formulary which was collected as part of an 

antimicrobial stewardship activities listed either present or absent in a LTCF.    

4.4.4 Data analysis  

The outcome variable ‘antimicrobial use’ is nominal and has three 

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 was to compare variation in 

first-line vs. second-line antimicrobial use in LTCF which requires the 

creation of two contrasts: first versus second-line antimicrobials (k=1) and 

first-line versus no antimicrobial (k=2), with first-line antimicrobials the 

reference category (see equation below).  

Contrast 1 =  𝑙𝑜𝑔
𝜋2𝑗

𝜋1𝑗
= 𝛽𝜊𝑘𝑐𝑜𝑛𝑠. 𝑠𝑒𝑐𝑜𝑛𝑑𝑙𝑖𝑛𝑒𝑎𝑛𝑡𝑖𝑚𝑖𝑐𝑟𝑜𝑏𝑖𝑎𝑙𝑠𝑖𝑗 –equation 1 

Contrast 2 =𝑙𝑜𝑔
𝜋3𝑗

𝜋1𝑗
= 𝛽1𝑘𝑐𝑜𝑛𝑠. 𝑁𝑜𝑎𝑛𝑡𝑖𝑚𝑖𝑐𝑟𝑜𝑏𝑖𝑎𝑙𝑠𝑖𝑗--------------equation 2  

Where, 1= first-line antimicrobials, 2= second-line antimicrobials, 3= no 

antimicrobial, 𝛽𝜊𝑘 = intercept for first-line versus second-line,𝛽1𝑘 = 

intercept for first-line versus no antimicrobials, i = each category 2 and 3 and 

j=individual residents. The intercept represents the LTCF 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 threshold value 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 p-value of <0.05 was considered statistically significant. The 

predicted probabilities of the events of interest (e.g. being prescribed 

second-line antimicrobials compared to first-line was  calculated as (269) ; 

 Pr(𝑠𝑒𝑐𝑜𝑛𝑑𝑙𝑖𝑛𝑒𝑎𝑛𝑡𝑖𝑚𝑖𝑐𝑟𝑜𝑏𝑖𝑎𝑙𝑠) =
exp(𝛽𝜊𝑘)

1+exp(𝛽𝜊𝑘)+exp(𝛽1𝑘)
 -------------equation 3 

Where, Pr = predicted probabilities, 𝛽𝜊𝑘 = intercept for first-line versus 

second-line,𝛽1𝑘 = intercept for first-line versus no antimicrobials. 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 in MLwiN (version 3.01). 

4.5 Results 

Of 224 long-term 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 survey. In 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 second-line (not 

shown in table).  

Overall, 5.6% of residents were prescribed first-line and 4.8% second-line 

antimicrobials. The median age of the residents on first-line antimicrobial 

was 83 and second-line was 81 years and the majority were female (Table 

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

home. In LTCF, 12.3% residents on first-line and 14.7% on second-line 

antimicrobials had a urinary catheter. Of the 77 LTCF, more than half 

reported that resident medical care was provided by the resident’s own 

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 Descriptive characteristics of residents (N=3677) and LTCF (N=77) by 

antimicrobial use. 

  First-line Second-

line 

No 

antimicrobials  

n 204 177 3,296 

% 5.6 4.8 89.6 

Resident level Predictors  (N=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 

(68.1) 

92(52.0) 1,973(59.9) 

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 Infections (n, %)    

Urinary tract infections 130 

(63.7) 

62 (35.0)  

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

y  

Percentag

e  

 

LTCF types    

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 antimicrobial 

use  

   

Yes 6 7.8  

No 71 92.2  

Therapeutic formulary available (n, %) +    

Yes 18 23.4  

No 59 76.6  

GP, general practitioner. *Systemic infections, gastrointestinal infection, surgical site 

infections, and ear, nose, and mouth infections, +Number of LTCF and their percentages.  
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The caterpillar plot based on the random model showed substantial inter-

facility variation in first and second-line antimicrobials [empty model 0.7 (SE 

0.3), p= 0.02 and final model 0.6 (SE 0.3), p= 0.03] and in first-line and 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 second-line 

versus first-line doubled if an imagined  ‘median resident’ would move from 

the highest to the lowest prescribing LTCF (mOR= 2.0, Crl= 1.5 - 2.9) (Table 

4.2). A moderate positive correlation was observed between LTCF level 

variance and co-variance estimates (final model 0.6) indicating that LTCF 

with more residents on second-line antimicrobials also had more residents 

not prescribed any antimicrobials (Table 4.2). 

Male residents were less often prescribed first-line antimicrobials (OR=0.6, 

95% CI=0.4 - 0.9, p=0.02). LTCF providing education/training to prescribers 

on antimicrobials were significantly less likely to prescribe second-line 

compared to first-line antimicrobials (OR= 0.2, 95% CI= 0.1 - 0.7, p=0.02). 

When comparing first-line with no antimicrobial prescribed, female 

residents and residents with a urinary catheter were more likely to receive 

a first-line antimicrobial (Table 4.2).  
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Figure 4. 1 Caterpillar plot showing LTCF level residual on antimicrobial prescribing, with no explanatory variables in the model.  

Note: Coloured triangles represent lowest and highest ranked LTCF in terms of risk of second-line (top plot) or no-AM (bottom plot) 

prescribing.   
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          Table 4. 2 Random intercept multilevel multinomial logit model for antimicrobial prescribing. 

 First-line vs. Second-line (K=1) First-line vs. No antimicrobial (k=2) 

 Estimat
e 

SE OR (95% CI) P- 
value 

Estimat
e 

SE OR (95% CI) P- 
value 

Fixed part         

Intercept( β0, β1)- Empty model -0.1 0.2 0.9 (0.6 - 1.4) 0.38 3.0 0.2 20.2(14.5 - 28.0) <0.001* 

Intercept( β0, β1)-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(0.58- 2.07) 0.45 -0.7 0.2 0.52 (0.3 - 0.8) 0.02* 

LTCF level predictors 
  

  
  

  

Medical care provided by GP (ref. 
medical staff)  

-0.4 0.4 0.7 (0.3 - 1.5) 0.16 -0.4 0.4 0.69 (0.3 - 1.4) 0.15 

Training of prescribers on 
antimicrobial use  

-1.5 0.6 0.2 (0.1 - 0.7) 0.02* -0.4 0.5 0.69 (0.3 - 1.9) 0.22 

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         

Variance(σ2
uk ) - Empty model 0.7 0.3 2.01 (1.2 - 3.3) 0.02* 0.9 0.3 2.52 (1.4 -4.5) 0.01* 

Variance(σ2
uk ) - Final Model 0.6 0.3 1.8 (1.03 - 3.01) 0.03* 1.0 0.3 2.67 (1.4 -5.0) <0.001* 

Co-variance (σu12) - Empty Model 0.4 0.2 1.4 (0.9 - 2.3) 0.07     

Co-variance (σu12) - Final Model 0.3 0.3 1.4 (0.8 - 2.2) 0.11     

Correlation (σu12) - Empty Model 0.4  

Correlation (σu12) - Final Model 0.6  

Median OR (95% CrI) - Final Model 2.0 (1.5 - 2.9) 2.5 (2.0 - 3.5) 

Bayesian DIC - Empty Model 2831.9 

Bayesian DIC- Final Model 2814.1 

β0, intercept for first-line vs second-line; β1, intercept for first-line vs no antimicrobials; CrI, credibility interval; DIC, deviance information criteria; SE, standard 

error. *Significant at P value <.05, k = 1 refers to contrast 1 (first-line vs second-line) and k = 2 refers to contrast 2 (first-line vs no antimicrobials). 
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4.6 Discussion  

Nearly half of antimicrobials prescribed in Irish LTCF in May 2016 were 

second-line agents, based on national prescribing guidelines which do not 

recommend broad-spectrum, second-line antimicrobials, unless first-line 

antimicrobials are ineffective (134, 242). This study showed significant inter-

facility variation in first and second-line antimicrobial prescribing. The use of 

second-line antimicrobial agent may be driven by resistance patterns which 

can show significant geographical variation (270, 271). Compared to first-

line, the probability of second-line 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 second-line antimicrobials showed no differences in clinical 

outcomes, but a significant increase in cost of care was associated with 

higher second-line antimicrobial use (272).  

Prescribers’ training on antimicrobial prescribing is one of the primary 

objectives of the World Health Organisation’s  Global Action Plan on AMR 

and shown to be important when provided as part of an antimicrobial 

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

interventions in the LTCF, a significant association was observed between 

LTCF reporting the provision of training on antimicrobial prescribing and a 

preference for first-line prescribing. Second-line antimicrobials were more 

often prescribed in the LTCF without antimicrobial prescribing training. Lack 

of training and limited knowledge on prescribing among healthcare workers 

is an important factor in antimicrobial misuse (275). 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 

hospital-based nursing homes in Chicago, Illinois demonstrated increased 

adherence to prescribing guidelines and reduced antimicrobial prescribing 

after an educational intervention (277). 
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Our study again highlights the high level of prescribing of both first and 

second-line antimicrobials for residents with urinary catheters. In general, 

urinary catheter use is not a sufficient indication for 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 should re-emphasise this 

as a part of the training. 

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

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 information (254). 

Additionally, the survey on healthcare associated infection and antimicrobial 

use in long-term care facilities (HALT) did not aim to determine the 

appropriateness of antimicrobial prescribing for an individual resident, nor 

to correlate each resident’s antimicrobial exposure history with relevant 

microbiology results, where available, and the systemic antimicrobial 

prescribed at the time of the PPS.  

The higher use of second-line antimicrobials in some LTCF may be due to 

knowledge of prescribers on the local antimicrobial resistance patterns for a 

particular geographic region.  This study did not address the association of 

second-line antimicrobials use and geographic distribution of antimicrobial 

resistance, which is an important limitation.  

4.7  Conclusion  

Significant variation between Irish LTCF in first and second-line antimicrobial 

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 

programmes. This can limit unnecessary prescribing, improve patient’s 

outcomes and reduce antimicrobial resistance.  
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SYSTEMATIC REVIEW REGISTRATION 
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 Fluoroquinolones (FQs) are reserve antimicrobials when no alternative 

treatment is available. 

 FQs are often prescribed as a first-line treatment for less severe 

infections in primary care. 

 FQs are associated with a three-times higher occurrence of central 

nervous system (CNS) - and gastrointestinal (GI)-related AEs than any 

other antimicrobial. 

 Total adverse events (AEs) are similar for FQs and other antimicrobials; 

more total AEs and GI-related AEs were observed for co-

amoxiclav compared with FQs. 

 No difference was identified for skin-related or overall risk of AEs 

compared to any other antimicrobial. 

 This information on AEs supports the choice of appropriate 

antimicrobial prescribing. Every consultation should include discussion 

on the harms and benefits of prescribed antimicrobials for patient 

safety.  

 

 

https://www.sciencedirect.com/topics/medicine-and-dentistry/quinolone-derivative
https://www.sciencedirect.com/topics/medicine-and-dentistry/antiinfective-agent
https://www.sciencedirect.com/topics/medicine-and-dentistry/central-nervous-system
https://www.sciencedirect.com/topics/medicine-and-dentistry/central-nervous-system
https://www.sciencedirect.com/topics/medicine-and-dentistry/amoxicillin-plus-clavulanic-acid
https://www.sciencedirect.com/topics/medicine-and-dentistry/amoxicillin-plus-clavulanic-acid
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5.2 Abstract 

Background: Fluoroquinolones (FQs) are second-line 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 

(AEs) 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 Register of Controlled Trials and CINHAL. FQs had to be 

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

were extracted independently in standard forms in “Covidence”. Pooled 

estimates of the intervention effects for AEs were determined by the Peto 

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

Results: In the 39 studies selected, the most commonly reported AEs were 

nausea, vomiting, diarrhoea, headache, dizziness, and rash. A meta-analysis 

of 28 studies reporting AEs showed central nervous system (CNS)-related 

AEs (OR 1.40 (1.12-1.75) P = 0.003, heterogeneity (I2) = 0%) and 

gastrointestinal (GI)-related AEs (OR 1.20 (1.06-1.36) P = 0.005, I2 = 80%) 

were significantly associated with FQs compared with other antimicrobials. 

Compared with FQs, co-amoxiclav showed significantly more total AEs (OR 

0.70 (0.54-0.90) P = 0.006, I2 = 78%) and GI-related AEs (OR 0.69 (0.52-

0.91) P = 0.008, I2 = 94%). Withdrawal or discontinuation due to drug-related 

AEs was higher for FQs (OR 1.19 (1.00-1.42) P = 0.05, I2 = 5%). Sensitivity 

analyses did not change these results. 

Conclusion: FQs are associated with more CNS- and GI-related AEs 

compared with other types of antimicrobial. This information is relevant to 

support decision making in relation to antimicrobial prescribing. 
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5.3 Introduction 

Fluoroquinolones (FQs) are broad-spectrum antimicrobial agents that are 

highly effective for the treatment of a variety of infections however, their 

use as a  first-line treatment is limited at least in part due to antimicrobial 

resistance (278). FQs are recommended as second-line treatment for urinary 

tract infections (UTIs) or respiratory tract infections (RTIs) in general practice 

(134, 279-281). FQ are associated with common AEs impacting the 

gastrointestinal ((GI) 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 with the 

potential harms when choosing appropriate antimicrobials. However, the 

risk of AEs from antimicrobials are often ill-defined and reported (265, 285). 

In clinical practice the decision to prescribe an antimicrobial agent usually 

precedes the choice of a specific antimicrobial (286). The choice of the 

antimicrobial is therefore made relative to other antimicrobials, not against 

‘no antimicrobial’, i.e. placebo. 

This systematic review and meta-analysis assesses the risk of common AEs 

related to FQs used in primary care and compare their occurrence with that 

for other antimicrobials drug classes.  

5.4 Methods  

5.4.1 Design and registration 

This systematic review with meta-analysis was registered with the 

international prospective register for systematic reviews (PROSPERO), the 

registration number is CRD42016035358 (287). 

5.4.2 Data sources and search strategy 

A systematic search of the literature was performed adopting Cochrane 

handbook methodology (288). We limited our search to PubMed, EMBASE 

Cochrane Central Register 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, tarivid, 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. Controlled vocabulary 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 followed the Preferred Reporting Items for Systematic Review 

and Meta-analysis (PRISMA) guidelines (194). 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. The  selected studies were transferred and assessed 

in Covidence for full-texts eligibility for final inclusion (289).  

5.4.4 Inclusion criteria  

A study 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 AEs; GI, CNS or skin related (see section: outcome 

analysed) were included. No restrictions by publication date of the literature 

were applied. 

5.4.5 Exclusion criteria 

Studies excluded were: non-randomised studies, post-marketing 

surveillance studies, experimental trials and trials focusing on 

pharmacokinetics or pharmacodynamics, studies with experimental 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 and studies 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, incomplete outcome data and selective outcome 

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

according to Cochrane collaboration’s tools for assessing the risk of bias 

(290).  

5.4.7 Outcomes analysed 

The main outcome analysed was total AEs; GI-related, CNS-related and skin-

related AEs related to FQ use, compared to AEs observed with other classes 

of antimicrobials. Included in GI 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, tremor, shaking/trembling, 

muzzy head and asthenia. Skin-related AEs included rashes, blisters, 

pruritus, vaginal/vulval itching, allergy and photosensitivity. Withdrawal or 

discontinuation due to drug-related 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 outcomes of interest. The 

following data was extracted from each study: detailed information about 

the study (settings, country, authors’ details); methods (study design, 

groups); characteristics of the study population (sample, indication, duration 

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

groups (sample, dose, duration); outcomes (common AEs); 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 odds ratios (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 cells (199, 200). Statistical heterogeneity was assessed 

using the Chi-square test for heterogeneity and the I2 statistic for measuring 

inconsistency (larger value of I2 indicating increasing heterogeneity). When 

the heterogeneity was above 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 meta-analyses and risk of bias analyses were performed 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 studies were identified through citation searches 

yielding 97 studies for full-text 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 was combined with 

another treatment (1) or the intervention was behavioural (1) or 

prophylactic (1), comparison group was usual care (1) (Figure 5.1-PRISMA). 

Therefore, 38 studies (291-328) were included for providing a descriptive 

overview and 30 studies (291-293, 295-302, 305-307, 309-316, 318-320, 

322-324, 327, 328) for meta-analysis. In the meta-analysis specific to AEs, 28 

of the 30 studies were included (291-293, 295-301, 305-307, 309-314, 316, 
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318, 320, 322-324, 327, 328). Nine studies (294, 302-304, 308, 317, 321, 325, 

326) were excluded from this AEs meta-analysis because the study 

compared types of FQs (5) or dose/duration (4) and 2 studies (315, 319) did 

not report specific AEs in quantifiable form even though   the occurrence of 

AEs was recorded.  

 

Figure 5. 1 PRISMA- selection of studies for inclusion in meta-analysis. 
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5.5.2 Characteristics of included studies 

A total of 17,735 patients participated in 38 trials published from 1974 to 

2010. The duration of the study periods ranged from 4 to 25 months (not 

shown in table). All trials selected for meta-analysis reported AEs, but 2 

studies (315, 319) didn’t report number of AEs (Table 5.1).  

The FQs assessed as treatment were: ciprofloxacin (9 studies), moxifloxacin 

(8 studies), norfloxacin (5 studies), ofloxacin (3 studies), levofloxacin (2 

studies), enoxacin (1 study), 0xolinic acid (1 study) and nalidixic acid, 

‘Mictral™’ (1 study). The comparison groups were: co-amoxiclav (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, ampicillin, erythromycin, 

and doxycycline (Table 5.1). For the purpose of the analysis, trimethoprim 

was included in the subgroup trimethoprim/sulfamethoxazole (297) and the 

two comparisons (ofloxacin with cotrimoxazole and with trimethoprim) 

were included separately (323).
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Table 5. 1 Characteristics of studies included for meta-analysis (treatment vs comparison groups). 

Study ID Total 
Sample 
(N) 

Mean 
age 
(yrs) 

Indicatio
n 

Study 
duration 

Quinolones ( treatment groups) Others ( comparison groups) 

Drugs Daily Dose 
Duration 

of Rx 
# 

AEs 
Drugs Dose 

Duration 
of Rx 

# 
AE
s 

Abbas 1989   189 42 UTI NR Cipro 250 mg every 12 hours 5 days 2 Amoxi/Cl
av 

250/150 mg 
every 8 hours 

5 days 4 

Adelglass 
1998   

216 NR Sinusitis NR Levo 500 mg o.d 14 days 13 Clarithro 500 mg b.d 14 days 13 

Adelglass 
1999   

615 39 Sinusitis NR Levo Normal- 500 mg o.d  
creatinine clearance  50ml/min 
- 500 mg every 48 hrs  

10 to 14 
days 

6 Amoxi/Cl
av 

500/125 mg 
every 8 hours 

10-14 
days 

7 

Anzueto 
1997   

743 62 AECB NR Cipro 750 mg b.d 10 days 8 Clarithro 500 mg b.d 10 days 9 

Anzueto 
1998   

2180 62 Severe 
AECB 

12 months Cipro 750 mg b.d 10 days 11 Clarithro 500 mg b.d 10 days 11 

Bailey 1987   55 NR Cystitis NR Enox 400 mg single dose 1 day 5 Trim 600 mg single 
dose 

1 day 4 

Bantz 1987   108 NR LRTI 4 months Cipro 250 mg every 12 hrs & o.d 
subsequently 

4 to 12 
days 

2 Doxy 100 mg every 12 
hrs & o.d 
subsequently 

5 -12 
days 

2 

Bleidorn 
2010   

80 NR UTI 10 months Cipro + 
P 

250 mg b.d 3 days 26 Ibuprofe
n + P 

400 mg three 
times  a day 

3 days 32 

Boerema 
1990   

158 30 UTI NR Nor+ P 400 mg b.d 7 days 2 Fosfo+ P 3 g single dose 1 day 7 

Burke 1999   457 40 Maxillary 
sinusitis  

NR Moxi + 
P 

400 mg  b.d 10 days 11 Cefuro 
Axetil 

250 mg b.d 10 days 11 

Chodosh 
2000 

926 55 ABECB 18 months Moxi + 
P 

400 mg o.d 10 days 11 Clarithro 500 mg b.d 10 days 11 

Deabate 
2000   

464 NR AECB 7 months Moxi + 
P 

400mg o.d 5 days 11 Azithro + 
P 1day 

500 mg loading 
dose and 250 mg 
o.d 

5 days 7 

Goldstein 
1985   

45 48 UTI NR Nor 400 mg b.d. 7 to 10 
days 

4 TMP/SM
X 

160/800 mg b.d 7 - 10 
days 

3 

Guyer 1974   60 NR UTI NR Oxolin 750 mg b.d. 14 days 2 AMP 500 mg 3 times a 
day 

14 days 0 

Hoeffken 
2001   

675 NR CAP NR Moxi 400 mg o.d 10 days 12 Clarithro 500 mg o.d 10 days 10 

Hooton 
1991   

150 NR UTI NR Oflo 200 mg o.d 3 days 3 TMP/SM
X 

160/800 mg b.d 7 days 4 

Hooton 
2005   

370 NR UTI NR Cipro 250 mg b.d. 3 days 6 Amoxi/Cl
av 

500/125 mg b.d 3 days 6 

Kreis 2000   401 NR AECB 9 months Moxi 400 mg o.d 5days 5 Azithro 500 mg loading & 
250 mg o.d 

5 days 5 
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Study ID Total 
Sample 
(N) 

Mean 
age 
(yrs) 

Indicatio
n 

Study 
duration 

Quinolones ( treatment groups) Others ( comparison groups) 

Drugs Daily Dose 
Duration 

of Rx 
# 

AEs 
Drugs Dose 

Duration 
of Rx 

# 
AE
s 

McCarty 
1999   

688 NR UTI NR Cipro 100 mg b.d. 3 days 11 TMP/SM
X 

160/800 mg b.d 3 days 9 

Nielsen 
1993   

119 NR CAP NR Oflo 400 mg o.d NR 5 Erythro 500 mg b.d NR 5 

Paparo 
1994@ 

100 30 UTI NR Cipro 250 mg every 12 hours 5 days NR Amoxi/Cl
av 

500 mg every 8 
hours 

7 days NR 

Rakkar 
2001   

471 NR Maxillary 
Sinusitis 

NR Moxi 400 mg o.d 10 days 15 Amoxi/Cl
av 

875 mg b.d 10 days 15 

Reynaert 
1990   

32 46 UTI NR Nor 400 mg b.d. 3days 1 Fosfo 
trometa
mol 

3g single dose 1 day 1 

Sethi 2010   1404 NR COPD NR Moxi 400 mg o.d, Repeat every 8 
weeks for 6 course 

5 days  X 
6 course 

7 P N/A N/A 8 

Siegert 
2000   

493 NR Bacterial 
Sinusitis 

NR Moxi + 
P 

400 mg o.d 7 days 5 Cefuro 
Axetil 

250 mg b.d 10 days 5 

Selvaggi 
1990@  

83 NR UTI NR Nor 800 mg single dose 1 day NR Fosfo 
trometa
mol 

3g single dose 1 day NR 

Spencer 
1992   

1069 48 UTI NR Oflo 200 mg o.d 5 days 13 TMP/SM
X 

160/800 mg b.d 5 days 13 

Stein 1987   209 NR UTI NR Nor 400 mg b.d. 3 days 13 TMP/SM
X 

160/800 mg  b.d 10 days 13 

Weis 1998   1414 44 Rhinosinu
sitis 

4 months Cipro 500 mg b.d. 10 days 8 Cefuro 
Axetil 

250 mg b.d 10 days 8 

Winwick 
1981   

58 42 UTI NR Mictral
/Nalidi
xic acid 

One sachet 3 days 2 AMP 500 mg three 
times a day 

7 days 2 

@ No of AE not reported, o.d = Once Daily, b.d. = Twice Daily,  NR = Not Reported, P= Placebo, Levo= Levofloxacin, Cipro= Ciprofloxacin, Moxi= Moxifloxacin, Enox= Enoxacin, Nor = Norfloxacin, 

OXolin = Oxolinic Acid, Oflo = Ofloxacin, Clarithro= Clarithromycin, Amoxi/Clav = Amoxxicilin Clavunic Acid, Azithro= Azithromycin, Doxy= Doxycycline, Cefuro Axetil = Cefuroxime Axetil, 

TMP/SMX = Trimethoprim/sulfamethoxazole, Trim= Trimethoprim, Fosfo= Fosfomycin, AMP= Ampicillin, Erythro= Erythromycin, UTI= Urinary Tract Infection, CAP= Community Acquired 

Pneumonia, LRTI= Lower Respiratory Tract Infection, COPD = Chronic Obstructive Pulmonary Disease, AECB= Acute Exacerbations of Chronic Bronchitis, ABECB = Acute Bacterial Exacerbations 

of Complicated Chronic Bronchitis 
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Reported common AEs  

Nausea (25 studies), diarrhoea (22 studies), headache (17 studies), vomiting 

(13) and dizziness (13 studies) were the most commonly reported AEs 

(Figure 5.2). Clostridium difficile associated diarrhoea was only reported in 

one study (320).  

 

Figure 5. 2 Reporting status of common AEs in the included studies. 

 

5.5.3 Meta-analysis of AEs 

All but two (315, 319) studies 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 meta-analysis was performed to 

compare effect estimates of the GI-related, CNS-related and skin related 

AEs. The analysis included 20 studies for GI-related AEs (out of 28 studies 

reporting at least one GI-related AE), 14 studies for CNS-related AEs (out of 

22 studies reporting at least one CNS-related AE) and 9 studies for skin-

related AEs (out of the 14 studies reporting at least one skin-related AE). The 

remaining studies (8 each, reporting GI and CNS-related and 5 skin-related) 

were removed from the meta-analysis because the FQ comparison was 
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against another FQ. Subgroup analysis showed a higher occurrence of total 

AEs for FQs compared to cefuroxime axetil (OR 1.31 (1.06-1.61) p= 0.01, 

I2=61%) and placebo (OR 1.85 (1.21-2.83) p=0.004, I2=87%) but significantly 

lower for co-amoxiclav (OR 0.70 (0.54-0.90) p=0.006, I2=78%) compared to 

FQ (Figure 5.3). 
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 Figure 5. 3 Meta-analysis of total AEs. 
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The risk of GI-related AEs (OR 1.20 (1.06-1.36) p=0.005, I2=80%) was 

significantly higher among FQs users compared to other antimicrobials and 

specifically when compared to macrolides (OR 1.39 (1.14 -1.70) p= 0.001, 

I2=71%) and cefuroxime axetil (OR 1.45 (1.14-1.85), p= 0.003, I2=72%) (Figure 

5.4). GI-related AEs were significantly lower for FQ when compared to co-

amoxiclav (OR 0.69(0.52-0.91) p=0.008, I2=94%). 

 

Figure 5. 4 Meta-analysis of gastrointestinal (GI)-related AEs. 
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The risk of CNS-related AEs was significantly higher among FQs users 

compared to other comparator antimicrobial (OR 1.40 (1.12-1.75) p= 0.003, 

I2= 0%) and specifically when compared to macrolides (OR 1.49 (1.02-2.17) 

p=0.04, I2=0%), cefuroxime axetil (OR 1.77(1.01-3.12) p=0.05, I2=0%) and co-

amoxiclav (OR 1.90(1.03-3.51) p= 0.04, I2=0%) (Figure 5.5). 

 

Figure 5. 5 Meta-analysis of central nervous system (CNS)-related AEs. 
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Skin-related 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 (0.10-0.63) p=0.003, I2 =0%) (Figure 5.6).  

 

Figure 5. 6 Meta-analysis of skin-related AEs. 

 

5.5.4 Meta-analysis of withdrawal/discontinuity due to AEs  

The meta-analysis included 17 of the 24 studies that reported on withdrawal 

or discontinuation due to study drugs and 7 were excluded 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 (1.00-1.42), p=0.05, I2=5%) (Figure 5.7). Subgroup 

analysis did not indicate significant results. 

 

Figure 5. 7 Meta-analysis of withdraw/discontinuity due to drug-related AEs. 

 

5.5.5 Risk of bias  

Nearly 40% of the studies had a higher risk of bias in blinding of outcome 

assessment and random sequence generation (Supplementary Figure 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 small number of studies 

suffered from publication bias except for those studies included in the meta-

analysis of skin-related AEs (Supplementary Figure 5.2: funnel plot). 

5.5.6 Heterogeneity 

A high level of heterogeneity was observed in total AEs, GI-related 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 bias (292, 306, 307, 311, 312, 316, 318, 

323, 324, 328) were excluded. Subgroup analysis by FQ agents did not 

change heterogeneity. Sensitivity analysis excluding high bias studies (292, 

310, 314, 327) and placebo controlled trials (299, 320) reduced the 

heterogeneity score (I2) from 69% to 21% and increased the probability of 

total AEs from 1.07 to 1.12. For GI-related AEs, the sensitivity analysis 

decreased heterogeneity slightly and increased the estimated probability 

from 1.20 to 1.33. Heterogeneity in the included studies was not observed 

for CNS-related studies. For skin-related AEs, removing highly biased studies 

(311, 316, 324) decreased heterogeneity from 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 GI-

related and CNS-related AEs were significantly higher with FQs compared to 

any other antimicrobial. Both GI- and CNS-related AEs were significantly 

more often observed with FQs compared to macrolides or cefuroxime axetil. 

AEs are generally less often observed with the use of FQs compared to 

TMP/SMX and fosfomycin.  

Skin-related 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 groups of 

antimicrobials (282).  

In consultations, when prescribing a FQ, consideration should be given to 

the increased risk of AEs compared to cefuroxime axetil and the lower risk 

compared to co-amoxiclav. If there is particular concern regarding GI-related 

AEs, prescribers may prefer the use of macrolides and cefuroxime axetil over 

FQ but prefer FQs over co-amoxiclav. Similarly, when there is a particular 

concern about any of the CNS-related AEs, cefuroxime 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 well documented by RCTs, to our 

knowledge, there have been no meta-analyses 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 placebo which may not reflect routine practice (329). This 

systematic review and meta-analysis is the first review that compares FQ-

related AEs from RCTs in primary care with other antimicrobials, which can 

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 this review. The 

reported AEs in every study depended on the definition used and how 

information was obtained (330). Recording of AEs was not consistent. Some 

of the studies recorded AEs based on 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 these studies from 

analysis. Some of the studies were not explicit about the name and types of 
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AEs. If explicit, only drug-related AEs that account for more than 1% of the 

total events were reported. This implies that less common AEs (below 1%) 

were missing from the 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 provide an explanation for this 

heterogeneity. Subgroup analyses are observational in nature and might be 

confounded by other study level characteristics (331). The presence of 

heterogeneity as well as some high biased trials and few studies 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 COPD. Therefore, 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 women, who are typically excluded from trials, is 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 GI and CNS-related AEs compared to comparator 

antimicrobials. The presented results can provide useful information on the 

common harms of FQs during a consultation when considering the 

prescription of antimicrobials and may support the choice of appropriate 

antimicrobial.   
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5.12 Supplementary materials  

 

Supplementary figure 5.1 risk of bias summary: review author’s judgement about 

each methodological quality item for each included study. 

 

 

Supplementary figure 5.2 funnel plot of publication bias for AEs. 
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 Amoxicillin is the most commonly used broad-spectrum antimicrobial 

and is recommended as first-line treatment for lower respiratory tract 

infections (LRTI). 

  A European placebo-controlled trial identified more adverse event 

(AEs) in the amoxicillin treatment group compared to the placebo 

group. 

 No subgroups of patients were at higher risk of any AEs or specific AEs, 

except rash among the males in the amoxicillin group. However, this 

may be due to multiple testing.   

 All LRTI patients have an equal chance of getting AEs. Hence, every 

doctor patient’s consultation must include discussion on the potential 

benefits and harms of prescribed antimicrobials. This could be part of 

the AMS intervention programme for patient safety. 
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6.2 Abstract 

Background: A European placebo-controlled 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 (AEs) occurred more often in patients 

prescribed amoxicillin compared to placebo. This 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 amoxicillin for the treatment of LRTI 

from a RCT from a GRACE study (Genomics to combat Resistance against 

Antibiotics in Community-acquired LRTI in Europe). 

Results: A total of 2061 patients were randomly assigned to amoxicillin 

(1038) and placebo (1023); 595 (28%) were 60 and older. A significantly 

higher proportion of any AEs (diarrhoea or nausea or rash) (OR = 1.31, 95% 

CI 1.05–1.64, number needed to harm (NNH) = 24) and of diarrhoea (OR 1.43 

95% CI 1.08–1.90, NNH = 29) was reported in the amoxicillin group during 

the first week after randomisation. Subgroup analysis showed rash was 

significantly more often reported in males prescribed amoxicillin (interaction 

term 3.72 95% CI 1.22–11.36; OR of amoxicillin in males 2.79 (95% CI 1.08–

7.22).  

Conclusion: None of the subgroups were 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 respiratory tract infection (LRTI) is the most common reason for 

consulting a general practitioner (GP) (332, 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 prescribed, amoxicillin is the recommended first-line 

treatment for LRTI (339). Amoxicillin is the most commonly used broad-

spectrum penicillin accounting for an average 40% of the total outpatient 

antibiotic use in Europe (339-341). 

All medications have known adverse events (AEs) and antibiotics are no 

exception (342). Although most antibiotics are generally considered safe, 

and most AEs are moderate to mild, some antibiotics have been associated 

with life-threatening AEs (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 (antibiotic) treatment prescribed 

(344). 

The European multicentre randomised placebo-controlled trial (RCT) of 

amoxicillin for LRTI in adults in primary care was performed by the GRACE 

(Genomics to combat Resistance against Antibiotics in Community-acquired 

LRTI in Europe; www.grace-lrti.org) Network of Excellence. The GRACE trial 

identified significantly more AEs (diarrhoea or nausea or rash) in the 

amoxicillin group compared to the placebo group (AEs in week one and week 

two after antibiotic administration) (114). However, it was not clear whether 

this applies to each specific AE, or whether particular subgroups of patients 

suffer more AEs than others. To better inform 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 risk for any 
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or a specific AE. 

6.4 Methods  

6.4.1 Study design and patients 

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 published (114, 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 7 days. 

6.4.2 Data collection 

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 participants 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/diuretics, 

benzodiazepines/antidepressant, oral non-steroidal anti-inflammatory 

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 and inclusion, until resolution of symptoms, up 

to a maximum of 28 days. This diary has previously been validated, is 

sensitive to change, and internally reliable (346). Specific AEs, such as 

diarrhoea, nausea, and rash, were recorded at the end of week one and 

week two, and over-the-counter (OTC) treatment was recorded on day one. 

Anxiety and depression related questionnaires were 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. All data collection forms were translated into relevant local 
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languages and back-translated 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 dichotomous outcome variable 

for the presence of “any reported AE” for those who had reported either 

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 in the primary outcome. Subsequent reported AEs were 

excluded from the analysis. 

6.4.4 Sample size calculation 

As this is a secondary analysis of previously collected data, sample size 

calculations are no longer relevant. Considering the proportion of any AEs 

caused by amoxicillin (114), a subgroup sample size of 136 patients allows 

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

power, α = 0.05 (G* power Version 3.1.9.2). Similarly, 302 patients would 

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 not pre-specified. For any and each 

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, males) and 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 statistical 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 
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specific subgroups were gender (male/female), age (60 years and older/less 

than 60 years), and yes/no groups for current and ever smoking, 

depression/anxiety on the day of the consultation, over-the-counter (OTC) 

treatment before consultation, antibiotics used in previous six months, use 

of any medication other than study medication, use of oral bronchodilators, 

on regular oral or inhaled steroids, on antihypertensive/diuretics, on 

antidepressant or benzodiazepams, on non-steroidal anti-inflammatory 

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 Participants’ distribution 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 60 years and 

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%) reported over-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%) non-steroidal anti-inflammatory 

drugs, and 451 (22%) influenza vaccines. 

6.5.2 Subgroup analysis of adverse events 

For the whole cohort, at the end of week one, a significantly higher 

proportion of any AE (diarrhoea or nausea or rash) was reported in the 

amoxicillin group compared to placebo (OR = 1.31, 95% CI 1.05–1.64) (Table 

6.1). The number needed to harm (NNH) was 24, i.e., on average, for every 

24 patients receiving amoxicillin, one additional patient had reported any AE 

due to the antibiotic at the end of week one. Any AE was reported 
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significantly more often in patients ever being a smoker (OR = 1.41, 95% CI 

1.04–1.90), and patients using OTC treatment before the consultation (OR = 

1.44, 95% CI 1.09–1.91), but the interaction terms were not statistically 

significant. In patients with depression/anxiety on the day of consultation 

(OR = 1.49, 95% CI 0.99–2.22) and in those on any medication other than 

study medication (OR = 1.29, 95% CI 0.98–1.69) 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 nausea or rash) due to amoxicillin. 

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 CI 1.08–1.90, Table 6.2) (NNH: 29). Diarrhoea was 

significantly more often reported by patients 60 years and over (OR 1.97, 

95% CI 1.09–3.54), current smokers (OR 2.07, 95% CI 1.15–3.76), ever being 

a smoker (OR 1.79, 95% CI 1.21–2.65), on OTC treatment before their 

consultation (OR 1.76 95% CI 1.23–2.53), and on antihypertensive/diuretics 

(OR 2.27, 95% CI 1.27–4.05). 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 males (interaction term 3.72, p = 0.021; odds ratio 

in males 2.79 (95% CI 1.08–7.22) (Table 6.4).
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Table 6. 1 Any adverse event (diarrhoea or nausea or rash) in the whole cohort, and in subgroups of adult patients in the first week after 

presenting to primary care with a LRTI and allocation to amoxicillin or placebo. 

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

CI) 

Whole cohort 219/1038 173/1023  1.31 (1.05–1.64) * 

Aged 60 years and older 57/292 42/303 1.21 (0.72–2.00) 1.50 (0.97–2.33) 

Male 78/413 63/423 1.02 (0.64–1.62) 1.33 (0.92–1.91) 

Current smoking 60/307 38/272 1.18 (0.70–1.96) 1.49 (0.95–2.33) 

Ever being a smoker 123/559 90/539 1.16 (0.74–1.81) 1.41 (1.04–1.90) * 

Depression/anxiety on the day of consultation 77/231 60/239 1.17 (0.72–1.90) 1.49 (0.99–2.22) 

OTC treatment before consultation 152/535 112/521 1.28 (0.79–2.07) 1.44 (1.09–1.91) * 

Antibiotic used in previous six months 26/143 27/140 0.66 (0.35–1.27) 0.93 (0.51–1.69) 

Any medication other than study medication 145/679 115/663 0.94 (0.59–1.51) 1.29 (0.98–1.69) 

Oral bronchodilators 20/96 20/108 0.86 (0.41–1.79) 1.16 (0.57–2.31) 

On regular oral or inhaled steroids 17/84 18/87 0.71 (0.32–1.56) 0.97 (0.46–2.04) 

Antihypertensive/Diuretics 52/239 43/240 0.95 (0.57–1.60) 1.27 (0.81–1.99) 

Antidepressant/benzodiazepams 24/98 21/104 0.96 (0.48–1.96) 1.28 (0.65–2.49) 

Non-steroidal anti-inflamatory drugs 18/77 16/97 1.19 (0.54–2.61) 1.54 (0.72–3.27) 

Influenza vaccine 42/226 31/225 1.10 (0.63–1.95) 1.43 (0.86–2.36) 

* Significant at p-value < 0.05 and OTC = over-the-counter. 
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Table 6. 2 Diarrhoea in the whole cohort and in subgroups of adult patients in the first week after presenting to primary care with a LRTI 

and allocation to amoxicillin or placebo. 

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

Whole cohort 129/1038 92/1023  1.43 (1.08–1.90) * 

Age 60 years and older 33/242 20/270 1.50 (0.77–2.94) 1.97 (1.09–3.54) * 

Male 49/335 37/343 0.94 (0.53–1.69) 1.42 (0.98–2.24) 

Current smoking 38/237 18/214 1.57 (0.79–3.11) 2.07 (1.15–3.76) * 

Ever being a smoker 76/443 46/443 1.54 (0.86–2.74) 1.79 (1.21 –2.65) * 

Depression/anxiety on the day of 

consultation 
39/224 32/239 0.89 (0.48–1.65) 1.36 (0.82–2.26) 

OTC treatment before consultation 91/523 55/516 1.63 (0.89–2.99) 1.76 (1.23–2.53) * 

Antibiotics in previous six months 15/117 12/110 0.79 (0.33–1.88) 1.20 (0.53–2.69) 

Any medication other than study medication 82/551 63/544 0.75 (0.41–1.38) 1.33 (0.94–1.89) 

Oral bronchodilators 12/82 10/89 0.91 (0.35–2.36) 1.35 (0.55–3.33) 

On regular oral or inhaled steroids # 10/71 9/75 0.80 (0.29–2.21) 1.20 (0.46–3.16) 

Antihypertensive/Diuretics 38/198 20/211 1.79 (0.92–3.49) 2.27 (1.27–4.05) * 

Antidepressant/benzodiazepams 13/81 8/87 1.32 (0.49–3.54) 1.89 (0.74–4.82) 

Non-steroidal anti-inflamatory drugs # 13/60 4/81 4.02 (1.19–13.55) * 5.32 (1.64–17.29) * 

Influenza vaccine 29/184 17/194 1.43 (0.70–2.92) 1.95 (1.03–3.68) * 

* Significant at p-value < 0.05 and OTC = over-the-counter; # variables underpowered. 
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Table 6. 3 Nausea in the whole cohort and in subgroups of adult patients in the first week after presenting to primary care with a LRTI 

and allocation to amoxicillin or placebo. 

 Amoxicillin Placebo 
Interaction Term (95% 

CI) 
OR for Subgroups (95% CI) 

Whole cohort 99/1038 82/1023  1.21 (0.89–1.64) 

Age 60 years and older 26/243 24/270 1.01 (0.51–2.02) 1.22 (0.68–2.20) 

Male 26/336 26/342 0.77 (0.39–1.52) 1.02 (0.58–1.79) 

Current smoking 25/237 20/213 0.90 (0.44–1.85) 1.14 (0.61–2.11) 

Ever being a smoker 48/444 43/441 0.84 (0.45–1.56) 1.12 (0.73–1.73) 

Depression/anxiety on the day of consultation 37/224 31/237 0.09(0.57–2.09) 1.31 (0.78–2.20) 

OTC treatment before consultation 68/523 57/514 0.93 (0.47–1.82) 1.19 (0.82–1.74) 

Antibiotics in previous six months 14/117 13/110 0.80 (0.33–1.92) 1.01 (0.45–2.26) 

Any medication other than study medication 66/552 54/542 1.00 (0.52–1.93) 1.23 (0.84–1.79) 

Oral bronchodilators 13/82 8/89 1.65 (0.61–4.45) 1.91 (0.75–4.87) 

On regular oral or inhaled steriods # 10/71 9/75 0.98 (0.35–2.71) 1.20 (0.46–3.16) 

Antihypertensive/Diuretics 21/198 20/211 0.91 (0.43–1.89) 1.13 (0.59–2.16) 

Antidepressant/benzodiazepams 13/81 13/87 0.87 (0.35–2.14) 1.09 (0.47–2.51) 

Non-steroidal anti-inflamatory drugs # 9/60 9/81 1.16 (0.41–3.30) 1.41 (0.52–3.80) 

Influenza vaccine 18/185 14/194 1.17 (0.52–2.62) 1.38 (0.67–2.87) 

* Significant at p-value < 0.05 and OTC = over-the-counter; # variables underpowered. 
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Table 6. 4 Rash in the whole cohort and in subgroups of adult patients in the first week after presenting to primary care with a LRTI and 

allocation to amoxicillin or placebo. 

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

CI) 

Whole cohort 37/1038 33/1023  1.11 (0.69–1.79) 

Age 60 years and older 14/242 7/269 2.77 (0.93–8.23) 2.29 (0.91–5.79) 

Male 16/336 6/341 3.72 (1.22–11.36) * 2.79 (1.08–7.22) * 

Current smoking 8/237 5/213 1.36 (0.39–4.75) 1.45 (0.47–4.51) 

Ever being a smoker 22/444 14/442 2.06 (0.78–5.46) 1.59 (0.80–3.16) 

Depression/ anxiety on the day of consultation 19/224 11/238 2.44 (0.90–6.58) 1.91 (0.89–4.11) 

OTC treatment before consultation 25/522 25/514 0.64 (0.22–1.87) 0.98 (0.56–1.74) 

Antibiotics in previous six months 7/117 6/110 0.98 (0.28–3.42) 1.10 (0.36–3.39) 

Any medication other than study medication 25/551 20/543 1.33 (0.49–3.64) 1.24 (0.68–2.26) 

Oral bronchodilators 2/81 4/89 0.45 (0.07–2.72) 0.54 (0.09–3.02) 

On regular oral or inhaled steriods # 2/71 2/75 0.94 (0.12–7.32) 1.06 (0.14–7.72) 

Antihypertensive/Diuretics 9/197 7/210 1.33 (0.42–4.17) 1.39 (0.50–3.80) 

Antidepressant/benzodiazepams 6/80 6/87 0.96 (0.27–3.49) 1.09 (0.34–3.54) 

Non-steroidal anti-inflamatory drugs # 2/60 6/81 0.34 (0.06–1.89) 0.43 (0.08–2.21) 

Influenza vaccine 6/184 4/194 1.53 (0.38–6.11) 1.60 (0.44–5.77) 

* Significant at p-value < 0.05 and OTC = over-the-counter; # variables underpowered. 
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6.6 Discussion  

6.6.1 Summary 

To the authors’ knowledge, this is the first subgroup analysis of any and 

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 

specific AE due to amoxicillin, apart from males in the amoxicillin group 

reporting rash significantly more often. 

6.6.2 Strengths and limitations 

Our results are based on data from the largest RCT of antibiotics for acute 

LRTI in general practice to date (114). 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 AEs (345). Accordingly, 

subgroup analyses with multiple comparisons are often underpowered, with 

a greater risk of the false negative results (type II error). Large sample sizes 

are needed for robust subgroup analysis, which may only be possible by 

combining trial results in a meta-analysis (207). 

6.6.3 Comparison with existing literature 

Reporting guidelines on RCTs indicate that more details on AEs of medication 

should be documented and reported to the concerned authority (347). 

However, AEs occurring during a trial are often underreported, in particular, 

when reporting results in trial publications. Underreporting may be a result 

of poor monitoring, missing data, or unclear case definitions (348). An 

important consequence of underreporting of AEs is a misinterpretation of 

the intervention’s effects, particularly its harms (349). Although the GRACE 

trial captured AEs from the study medication, the reported AEs were limited 

to diarrhoea, nausea, and rash. A review paper identified that candidiasis 

was significantly associated with amoxicillin use (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 more AEs (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 non-steroidal anti-inflammatory drugs and those who 

received an influenza vaccine, no particular subgroup was at higher risk of 

AEs. 

The presented analysis showed that males in the amoxicillin group reported 

rash significantly more often compared to males in the placebo group. Skin 

reactions were also associated with amoxicillin use (350). A borderline 

significant interaction term was observed for patients reporting 

anxiety/depression on the day of the consultation. These (borderline) 

significant results may be due to multiple testing, and with more 

conservative p-values, 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 specific, or more 

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 suggest 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 7: FINAL OVERARCHING DISCUSSION  

“Nothing can dim the light that shines from within” - Maya Angelou 

7.1 Key Findings  

7.1.1 HAI and AMU  

 Significant variation in the occurrence of HAI and the use of antimicrobials 

was observed between Irish LTCF. Some LTCF had double the occurrence of 

HAI and/or antimicrobial prescribing compared to other LTCF (Chapter 2). 

 Institutional risk factors associated with less AMU in LTCF identified by 

statistical analysis were (Chapter 2): 

o Medical care provided by personal GP. 

o A higher number of healthcare assistants (in Whole Time 

Equivalents). 

o Presence of an internal coordinating physician. 

o An antimicrobial stewardship (AMS) committee in the LTCF. 

o Feedback to GPs on AMU. 

 An institutional factor associated with less HAI in LTCF identified by 

statistical analysis was (Chapter 2): 

o Feedback system on IPC practice to LTCF staff. 

 An individual (resident) factor associated with more HAI and AMU was 

(Chapter 2): 

o Urinary catheter use (this was highest in IDFs, followed by NHs and 

then mixed care facilities). 

 Of the total number of residents on antimicrobials in Irish LTCF, more than 

40% were on prophylaxis. Prophylactic prescribing was substantially more 

common in IDFs (above 50%) when compared to other types of LTCF 

(Chapter 3).  

 No change (neither increase nor decrease) was observed in prophylactic 

AMU among the LTCF that participated in both the 2013 and 2016 surveys. 

Prophylactic AMU was 1.6 times higher in newly participating LTCF in HALT 

2016 compared to those who only participated in HALT 2013 (Chapter 3).   
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 Prophylactic AMU was most commonly used for conditions relating to the 

urinary tract, followed by respiratory tract and skin/wound (Chapter 3). 

 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 relation to prophylactic 

prescribing included (Chapter 3): 

o 80% of prophylactic antimicrobials prescribed without an end date. 

o Residents simultaneously taking/prescribed multiple 

antimicrobials for prophylaxis. 

 The factors associated with increased prophylactic AMU in LTCF were 

(Chapter 3): 

o Female. 

o Living in LTCF for more than a year. 

o Urinary catheter use. 

 Of the total antimicrobials prescribed, 46% were second-line antimicrobials 

in LTCF (Chapter 4).  

 Significant variation in the first-line and second-line AMU was observed 

between Irish LTCF. Second-line AMU compared to first-line was double in 

some LTCF (Chapter 4).  

 An institutional factor associated with less second-line AMU in LTCF was 

(Chapter 4)   

o The provision of training to staff on appropriate antimicrobial 

prescribing. 

 Individual (resident) factors associated with less second-line AMU in LTCF 

were (Chapter 4) 

o Female.  

o Urinary catheter use. 
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7.1.2 Adverse drug events (ADEs) 

 The most commonly reported ADEs of FQs were nausea, vomiting, 

diarrhoea, abdominal pain, headache, dizziness, insomnia, 

drowsiness, pruritus, vaginal itching, and rash (Chapter 5). 

 FQs use was associated with (Chapter 5) 

o CNS-related ADEs (1.4 times more often with FQs than other 

antimicrobials group studied).  

o GI-related ADEs (1.2 times more often with FQs than other 

antimicrobials group studied). 

 FQs use was NOT associated with (Chapter 5) 

o Skin-related ADEs. 

 Higher risk of drug-related withdrawal/discontinuation was observed 

among the FQs user group compared to other antimicrobial groups 

studied (Chapter 5). 

 Amoxicillin treatment for acute lower RTI showed that (Chapter 6) 

o One in every 24 patients had an ADE.   

o Diarrhoea was more often reported in the amoxicillin group 

compared to the placebo.   

o No subgroup of patients were at higher risk of any ADEs 

(diarrhoea or nausea or rash). 

o Rash was reported significantly more among the males in the 

amoxicillin group than those in the placebo group. 

7.1.3 Methodological finding 

 Analysis of aggregated LTCF data identified only a resident level risk 

factor associated with HAI and AMU (Chapter 2). 

 However, the analysis of additional collected information on age, 

sex, urinary catheter and disorientation from all residents in LTCF 

allowed (Chapter 2 and 4): 

o More powerful analysis. 
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o Demonstration of variation in HAI and AMU between LTCF.   

o Identification of risk factors for HAI and AMU at both 

institutional and resident level.  

7.2 Discussion 

The rapidly emerging threat of AMR globally (352) indicates how important 

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 within 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 for improving 

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 HAI and AMU and 

ADEs were identified. These findings can be used to inform policymakers of 

ways to improve AMU and care of the elderly and residents in LTCF and to 

support the development of AMS programmes.   

7.2.1 HAI and AMU- institutional and individual risk factors 

One of the important factors that influence AMU in LTCF is the care provided 

by a resident’s personal GP. Service provision in LTCF varies; some LTCF have 

their own-employed medical staff, while others include the residents’ 

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

and appropriate prescribing is physicians’ compliance and their effective 

communication with patients (234). Previous studies showed an association 

of AMS activities with physician adherence to evidence-based guidelines and 

the care process (353, 354). A study conducted in residential homes in 

Northern Ireland found that a GP visiting and examining patients 

significantly improved antimicrobial prescribing (235). This is similar to the 

finding of our study (Chapter 2), wherein care provided by the residents’ 



Chapter 7: Final Overarching discussion 

140 
 

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 without any physical examination, specifically for the 

treatment of suspected UTI (235-238). GPs often rely on nurses’ assessment 

of residents and may not personally visit to confirm the diagnosis (237). 

Studies have documented that nurses can drive AMU in LTCF (235, 237, 238). 

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

with increased nursing staff WTEs, but showed a decrease in AMU with 

increased numbers of HCA. In LTCF, nurses are often the first point of contact 

and responsible for residents’ care, supported by HCA. In a situation of 

providing personal care to residents, HCAs may be closer and in direct 

contact. However, the HCAs’ and nurses’ roles and their impact on 

antimicrobial prescribing and HAI require further investigation.   

Similarly, analysis in chapter 2 identified a positive impact of a coordinating 

physician in reducing AMU. Leadership commitment is an important 

component of the AMS programme because it involves many departments 

and key personnel (e.g. infectious disease specialists, geriatricians, nurses) 

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 the survey. However, the analysis 

showed that 25% of LTCF had internal coordinating physicians, which was 

associated with a 70% reduction in AMU. This indicates that a coordinating 

physician could improve prescribing and the appropriate use of available 

guidelines in the LTCF.  A previous study conducted in Ireland in 2010 

showed similar results, where 45% of LTCF with a coordinating physician had 

used antimicrobial prescribing guidelines available in their facility, compared 

with those that do not have a coordinating physician (355). A coordinating 

physician may improve prescribing and reduce the practice of telephone 

prescribing without physical examination in LTCF (356, 357). As personal GP 



Chapter 7: Final Overarching discussion 

141 
 

care had a positive role in reducing AMU, a care model combining personal 

GP care and a coordinating physician could improve AMU in LTCF. Specific 

roles, responsibilities and working durations of the coordinating physicians 

and personal GPs in LTCF require further research and exploration for their 

effective implementation. 

The presence of an AMS committee in the LTCF is another factor that 

influences AMU. An AMS committee is one of the components of the AMS 

programme, and it  acts as a advisory committe within the LTCF (233).  LTCF 

in European countries are regulated by law and they are required to meet 

the national standard of care (221). HIQA is responsible for regulating care in 

Ireland (72). The AMS committee serves as a monitoring and coordinating 

body with different units and departments within the LTCF to improve 

antimicrobial prescribing and elderly care and to reduce AMR. According to 

the HALT PPS, there were fewer AMS committees in Irish LTCF in 2016 

compared to 2010 (2% versus 16%) (71, 85), with similar trends in Europe 

(8% versus 5%) (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 and nurses in LTCF. It is well known that a lack of regular 

training and limited knowledge amongst medical staff contributed to 

antimicrobial misuse (275). Education and training in Irish LTCF are mostly 

limited to IPC practices. Of the total, 76% of LTCF had trained staff on IPC 

practices but only 6% of LTCF had trained staff in AMU in 2016 (71). Specific 

to AMU, online prescribing guidelines are the most up-to-date and freely 

available for use in Irish LTCF (134). In this thesis, the 6% of LTCF that had 

staff trained on AMU showed 80% less second-line AMU. This may suggest 

that staff training on AMU could reduce second-line AMU and contribute to 

better AMS practices in Irish LTCF. However, good coordination between 

LTCF and regional/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 confidence and motivation of staff 

working in LTCF for rational AMU. Previous studies (163, 276, 358, 359) have 

shown that education and training interventions in LTCF have led to 

improvements in guideline adherence (277). Similarly, educational 

interventions of staff in LTCF have improved overall treatment of 

asymptomatic bacteriuria and inappropriate urine culture (237). This is of 

particular importance as microbiological analysis request of a urine culture 

is associated with overprescribing of antimicrobials in LTCF (169).  

Feedback on antimicrobial consumption to prescriber 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 HAI (360, 361). This thesis reports a 70% 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 interventions in AMU, 

whereby feedback mechanisms increased appropriate AMU by up to 17% 

(362, 363). However, these studies were intervention studies, not 

prevalence studies. From HALT 2010 to 2016, the proportion of LTCF 

providing feedback on AMU increased from 10% to 14% and in IPC practices 

from 38% to 65% (71, 85). This is a positive 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. This is a potential area to improve AMU and 

reduce AMU as part of an AMS programme. Implementation of 

interventions, such as the establishment of feedback mechanisms in the 

LTCF, is 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 results (364). 

Sending a urine sample for culture to diagnose UTI is not recommended due 

to the high prevalence of asymptomatic bacteriuria in LTCF (134, 365, 366). 
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In LTCF, 78% of the urine cultures ordered did not the meet the Loeb criteria 

(169, 367) and over-ordering of the urine samples for culture was associated 

with the overuse of antimicrobials (14). An analysis (chapter 2) showed that 

LTCF collecting microbiological samples before antimicrobials were 

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 2009 (221). The association 

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 

participating LTCF performed urine dipstick for UTI diagnosis and more than 

60% do so routinely  (HALT report 2016). This practice has not changed in 

the last two consecutive PPS in Irish LTCF (71, 90). Therefore, this is the 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 catheter (134). A multilevel 

analysis (Chapter 2) in this 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 first- or 

second-line) according to multinomial analysis (chapter 4). Similarly, the 

analysis of prophylactic 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 bacteriuria (233, 

368) and antimicrobial prescribing is often associated with it. Antimicrobial 

treatment of asymptomatic bacteriuria does not improve outcomes, but 

instead promotes AMR (237). Prescribing linked to catheter use should be 

part of efforts to improve antimicrobial prescribing and reduce AMR. This is 

achievable and practical in the current 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 resident was residing for more than a year in the LTCF 

and was higher for female residents. The residents who live for a long time 

in LTCF may be more likely to have a urinary catheter. Both prophylactic and 

therapeutic AMU were associated with the 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 who were residing for more than six 

months in LTCF (75). In contrast, 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 stopped during 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 HSE in Ireland updated antimicrobial prescribing guidelines for Irish LTCF 

in November 2017 (134). The guidelines do not recommend prophylactic 

prescribing or broad-spectrum/second-line antimicrobial unless first-line 

antimicrobials are not likely to be effective. In this thesis, out of all residents 

prescribed antimicrobials, more than 40% were on prophylaxis and 46% 

were on second-line antimicrobials. This indicates that antimicrobial 

prescribing guidelines are poorly adhered to in Irish LTCF. Inappropriate use 

or non-adherence to prescribing guidelines may be because of limited 

knowledge among staff about the availability of antimicrobial prescribing 

guidelines in their facility or their lack of experience.  A qualitative study in 

Ireland reported that many healthcare workers were unaware of the 

existence of antimicrobial prescribing guidelines in the LTCF (369). Even if 

aware, most of them were passive; they disregarded guidelines and often 

did not adhere to them (369). Therefore, as reported in this thesis, educating 

staff on appropriate AMU and guidelines use can be a useful strategy in 

improving prescribing, guideline adherence, and AMS programme 

implementation in LTCF. 
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The prophylactic analysis (Chapter 3) found that broad-spectrum 

antimicrobials, mainly FQs, accounted for 2-5% and cephalosporin 

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

proportion of use was relatively small, their use is of great concern because 

of documented ADEs and AMR issues (259, 272, 370). A review (Chapter 5) 

in this thesis identified increased ADEs due to FQ use, mainly related to GI 

and CNS (see section 7.2.4 for detail discussion). Particular to FQs, a “black 

box” warning label has been added to warn doctors and patients of the risk 

associated with these drugs (371). Similarly, cephalosporins were the most 

inappropriately used antimicrobial agents in LTCF. These antimicrobials are 

more often associated with the rapid spread of multiple resistance 

microorganisms (such as Clostridium difficile, MRSA, and VRE, etc.) and 

especially in a closed environment such as LTCF (259, 372, 373). The 

association of cephalosporins with ADEs suggest careful use, in particular as 

prophylaxis or for the treatment of common infections in LTCF (374). 

Therefore, the use of these broad-spectrum antimicrobial agents should be 

discouraged in the LTCF. Prescribers’ reinforcement and motivation are also 

crucial for the appropriate use of antimicrobial prescribing guidelines, which 

can be done through training and education programmes.   

Prophylactic AMU was 1.6 times higher in HALT 2016 compared to HALT 

2013. However, no significant changes were observed in the LTCF that 

participated in both PPS (2013 and 2016). Participation in HALT does not 

necessarily change practice or improve prophylactic AMU. Coordination 

between HSE and healthcare regulating authorities is essential for proper 

utilisation of the findings from HALT and to make them into actionable 

knowledge as a basis for AMS programmes. 

7.2.3 LTCF variation in HAI and AMU 

The LTCF variation in HAI and AMU was demonstrated using different 

approaches. Firstly, the likelihood ratio test showed significant variation 

between the LTCF in both HAI and AMU with a p-value < 0.05. Secondly, 

caterpillar plots (Chapter 2, Figure 2.2) showed the same between-LTCF 
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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 HAI and AMU would 

double. Fourthly, LTCF variation was estimated in variance and covariance 

and the result showed variation in AMU (either general or second-line) 

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 programme designed should consider LTCF 

level difference for its effective implementation and patients’ outcomes.  

7.2.4 ADEs of antimicrobials –a patient safety issue 

The benefits of antimicrobial agents should always outweigh the harms. The 

consultation between patient and prescriber should include a discussion of 

the risks and safety measures of prescribed antimicrobials in order to 

minimise the risk of ADE and AMR. As discussed in 7.2.2, broad-spectrum 

AMU was a major issue in LTCF due to their long-lasting ADEs and increased 

risk of AMR. Thus, in this thesis, we explored and discussed ADEs of two 

important broad-spectrum antimicrobial agents, i.e. FQs and amoxicillin.  

Nausea, diarrhoea, headache, vomiting, and dizziness were the most 

commonly reported ADEs of FQ and the meta-analysis of specific ADEs 

showed 1.2 times the risk of GI-related and 1.4 times the risk of CNS-related 

ADEs in FQ groups when compared to other antimicrobial groups. 

Withdrawal and discontinuation of drug-related ADEs were more often 

associated with FQ use than other antimicrobials included in the study and 

is consistent with previous literature (265). Though the FQs were reported 

to be associated with more frequent and severe ADEs, 38% of the residents 

were still on FQs in LTCF (146). The most common use was as a first-line 

treatment of acute cystitis (135). FQs are prescribed in LTCF for common 

infections even if they are recommended as second-line treatment options 

and already proven to be antimicrobial agents with higher toxicity.  

Similarly, this thesis (Chapter 6) 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 with placebo in LRTI patients. 

Amoxicillin is a broad-spectrum antimicrobial that is recommended as a first-

line treatment for lower RTIs (339-341). 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 higher 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 patients during 

consultations.  

Overall, the two ADE studies (Chapter 5 and 6) in this thesis emphasise the 

risk of AMU, either in acute or severe form. Therefore, their use should be 

limited as much as possible, considering patient safety. In general, 

antimicrobial prescription should always be guided by physicians’ clinical 

judgment. However, there is evidence that prescribing results from the 

demands or pressure from patients or patients parties (375-377). During a 

consultation visit, possible risks and benefits of antimicrobials should be 

discussed with the patient to limit the use of antimicrobials. This would 

definitely decrease the patient’s demands for antimicrobials. A review study 

reported a reduction in AMU among patients who received information 

leaflets on delayed antimicrobial use (378). Hence, shared decision making 

is crucial in the LTCF to ensure patients’ safety and should be included as an 

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 studies was collected 

independently. Collection of information on residents 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 

sufficiently powered to perform detailed analysis. This limits the chances of 
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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 collection included only 40% of LTCF, which may have 

introduced a bias because 60% of the LTCF are not represented. Similarly, 

the 8-month gap between the original HALT data collection (May 2016) and 

additional data collection (January 2017) may have an impact on the 

outcome of the study, even 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 in the 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 matched (Chapter 2, Figure 2.1) The matching was done on 

sex, closest value for age, urinary catheter and disorientation. The matching 

has its own limitation; however, the collection of all residents’ information 

from the participating LTCF in the future HALT study will eliminate the 

matching as well as the possible bias that may potentially arise due to this 

process.  

Multilevel analysis performed with additional limited data on important and 

powerful variables in the HALT study revealed very useful findings compared 

to the analysis from aggregated level HALT 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 predictors, as well as a resident 

level predictor significantly associated with reduced AMU and HAI. Equally, 

the multilevel analysis provided us with the variability in HAI and AMU 

between the Irish LTCF, which could be considered in designing AMS 

intervention in LTCF.   



Chapter 7: Final Overarching discussion 

149 
 

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 questionnaire, 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 bedridden, aged 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 the institutional 

questionnaire. For example, residents aged over 85 years can be easily 

pulled out from the age record of all residents and number of males from 

the sex record. The additional data collection on a limited number of 

variables (age, sex, the presence of urinary catheter and disorientation) 

could replace the aggregated data collection and provide a robust form of 

data that can be used for more detailed analyses, including multilevel 

analysis.  

It also helps to eradicate the issue of repeated variable collection 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 

HALT PPS itself is voluntary, which 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 may have 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 monitoring visits 
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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 decrease in the numbers LTCF with AMS 

committees (16% in 2010 to 2 % in 2016).  In 2010, the figure of 16% LTCF 

with AMS committees was surprising, as 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 

committees in 2016. Another example of recording bias is in relation to oral 

vancomycin as a prophylaxis from a single LTCF in 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 publications from 

RCTs are, however, more focused on reporting clinical efficacy rather than 

ADEs. The RCTs included in the systematic review 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 

estimation and bias interpretation of the interventions’ real effect, 

particularly its harm. Underreporting may be a result of poor monitoring, 

missing data, or unclear case definitions in the RCTs. Similarly, other issues 

include the variation in the recording and reporting of ADEs in different RCTs 

included in the systematic review. Variations or inconsistencies observed in 

reporting were mostly due to ADE reporting based on patient-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 ADEs, because the information collected in most of the RCTs were 

patient-reported. However, the risk of bias assessed using the Cochrane 
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guideline in the review (Chapter 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 Strengths and limitations  

The HALT PPS in Ireland is a high-quality survey because it uses a standard 

protocol devised by the EU HALT coordinating team, which included 

validated tools and techniques. In Ireland, since 2010, a number of HALT 

studies have been done and their reports have been published. In this thesis, 

extended data analysis was done with the HALT dataset. The additional 

collection of limited demographic information enriched the HALT data and 

allowed more in-depth multilevel analysis. The multilevel analysis 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 improve elderly care in LTCF. This is one of 

the important and major strengths of this thesis. Collecting information from 

all residents from participating LTCF in future HALT surveys would avoid the 

extra work and improve analysis.   

The use of only secondary analysis of data might have limited the author’s 

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 of the HALT coordinating 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 this thesis, the risks of ADE of FQs and amoxicillin as a patient 

safety concern are presented, and we recommend that these be included as 

part of shared decision making.  
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FQs are reserved antimicrobials with severe toxicity. In most of the RCTs 

included, different types of antimicrobials were used to treat infections 

rather than placebo. Therefore, the systematic review and meta-analysis 

compares the risk of common ADEs of FQs with other antimicrobials that are 

prescribed in primary care.  

The subgroup analysis of ADEs of amoxicillin in a large RCT conducted for 

acute LRTI showed that anyone can suffer from ADEs and no particular 

groups are at higher risk. However, it too had some limitations, as sub-group 

analysis of ADEs was not predefined. 

The inclusion of studies from primary care to investigate ADEs in chapter 5 

and 6 has limited authors to draw conclusions for the LTCF setting. However, 

based on the findings from primary care, we can speculate that these 

conclusions could also be used to design and implement the AMS 

programme for LTCF. In general, drug efficacy trials are conducted in primary 

care, rather than in the LTCF and in elderly people. In addition, the RTI (such 

as AECB and COPD) reported in the included trials in FQ study (chapter 5) 

most importantly imply elderly patients. The other important concern is a 

meta-analysis of the small number of ADEs reported in the included trials in 

the FQ study. This small number may have caused difficulty in distinguishing 

FQs’ real effect from other antimicrobials. However, POR was calculated to 

overcome this problem (198). 

7.4  Recommendations  

 Participation of LTCF in the consecutive HALT PPS from 2010 did not 

show any significant improvement in the HAI and AMU in Ireland. 

However, the results from our analyses provide information on focus 

areas for interventions.  

o Medical care provided by residents’ personal GP. 

o The involvement of the coordinating physicians. 

o Setting up AMS committees in the LTCF.  



Chapter 7: Final Overarching discussion 

153 
 

o Provide education and training on appropriate AMU (with 

specific aim to limit the use of prophylactic and broad-spectrum 

AMU).  

o 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 Development (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 real-time feedback on HAI and AMU.   

 The presence of a urinary catheter is a risk factor for increased AMU 

(either therapeutic or, prophylactic or second-line use), which should be 

an integral part of any intervention or education in LTCF.  

 To reduce AMU for UTI, provide information to discourage prescribing 

based on dipstick analyses.  

 Patient safety issues in relation to ADEs of AMU should be explored to 

allow discussion on the harms and benefits of the AMU as part of shared 

decision making. Information leaflets designed with user-friendly key 

messages targeting patients, family, friends, and the general public 

should also be considered.  

 Limited additionally collected information on age, sex, the presence of 

a urinary catheter and, disorientation increased the power of the study 

and should be considered for any future HALT studies. The inclusion of 

all residents in the survey prevents unnecessary collection of duplicate 

information. This will also allow 12 variables to be dropped from the 

institutional questionnaire to save time and resources: (the presence of 

a urinary catheter, 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). 

 Further research is necessary 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 dataset, for 

instance, in relation to the collected AST information. This area was not 

explored in this thesis and could further identify if and where AMU, HAI 

and risk factors have a knock-on effect on AMR. 
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Appendix 1 

Media coverage of the study (chapter 3, Appendix 5) 
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APPENDIX 2 

Institutional Questionnaire HALT 2016 
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APPENDIX 3 

Resident Questionnaire HALT 2016 
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APPENDIX 4 

Additional Data Collection Form 
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APPENDIX 5 

Antimicrobial Prescribing and Infections in Long-Term Care Facilities 

(LTCF): A Multilevel Analysis of the HALT 2016 Study, Ireland, 2017.  

Tandan M, Burns K, Murphy H, Hennessy S, Cormican M, Vellinga A. 

Eurosurveillance. 2018; 23(46):1800278.  
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