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Improving antimicrobial prescribing: a multinomial model identifying factors 1 

associated with first and secondline prescribing 2 

 3 

Abstract  4 

Background/objectives: Broad spectrum, second-line antimicrobials may be prescribed when initial first-line 5 

options prove ineffective. This study compares prescribing practices and identifies potential influencing factors for 6 

first and secondline antimicrobials in long-term care facilities.  7 

Design: Point prevalence survey of healthcare-associated infections and antimicrobial use in long-term care 8 

facilities (HALT), expanded by additional data collection. 9 

Setting: Long-term care facilities in Ireland  10 

Participants: Of long-term care facilities that participated in HALT study 2016, additional data provided by 77 11 

facilities with a record of 3,677 residents.  12 

Measurement: On the survey date, an institutional questionnaire was completed by each participating long-term 13 

care facility and resident questionnaires were completed only for those residents who met a healthcare-associated 14 

infection surveillance definition and/or were prescribed a systemic antimicrobial. All participating long-term care 15 

facilities were contacted at a later time point to provide limited anonymised data (age, sex, urinary catheterisation 16 

and disorientation) on all current residents. This additional data was matched to the original dataset, facilitating 17 

multilevel multi-nominal logistic regression (first-line/secondline/no antimicrobial).  18 

Results: Of 3,677 residents in 77 long-term care facilities, 381 (10%) were prescribed systemic antimicrobials on 19 

the survey day. Of those, 46% were categorised as second-line choices, with substantial inter-facility variation 20 

observed with regard to prescription of first versus second-line antimicrobials. The odds of a second-line 21 

antimicrobial prescription for a resident doubled when comparing the highest with the lowest prescribing long-term 22 

care facilities (median odds ratio (mOR) = 2.0 (CrI=1.5-2.9). Male residents were less often prescribed first-line 23 

antimicrobials (OR=0.6, 95%CI=0.4-0.9, p=0.02). Long-term care facilities that reported the provision of education 24 

on antimicrobial prescribing use significantly less second-line antimicrobials (OR= 0.2, 95%CI= 0.1-0.7, p=0.02). 25 

Females and residents with a urinary catheter were more likely to receive first-line antimicrobials. 26 

Conclusion/Implications: The use of second-line antimicrobials is common practice in long-term care facilities, 27 

but appropriate education and training on antimicrobial use can potentially reduce second-line antimicrobial 28 

prescribing. 29 

Key words: Antimicrobials, multinomial-multilevel, first-line, second-line, long-term care facilities, HALT 30 

 31 
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Introduction 32 

Long-term care facilities (LTCFs) accommodate 2-5% of the older population in developed countries.1 In 33 

2016, 3.6% of the population aged over 65 years in Ireland resided in LTCFs.2 LTCF residents are at 34 

higher risk of infection, with annual estimates of at least 2.6 million healthcare-associated infections  in 35 

European Union/ European Economic Area  countries3 and between 1.6 and 3.8 million in the United 36 

States.4 Increased healthcare-associated infection risk potentially accelerates antimicrobial misuse and 37 

antimicrobial resistance.5 There is substantial variation in antimicrobial prescribing, with 47- 79% of LTCF 38 

residents receiving antimicrobials each year and a high proportion of these are considered inappropriate.6 39 

A European point prevalence survey of antimicrobial use in LTCFs performed in 2013 found variation in 40 

national antimicrobial use prevalence from 1% in Hungary to 12% in Greece, with a mean of 4.4%3. At 41 

9.8% antimicrobial use in LTCFs in Ireland was double the European Union/European Economic Area 42 

average.7 43 

The association between antimicrobial use and the development of antimicrobial resistance has been 44 

reported in various studies.8,9 Infection control measures and antimicrobial stewardship programmes are 45 

two key strategies to reduce antimicrobial resistance in LTCFs.6 Antimicrobial stewardship is 46 

recommended to optimise the use of antimicrobials through effective implementation and appropriate use 47 

of antimicrobial prescribing guidelines.10 Non-compliant antimicrobial prescribing in LTCF is 48 

commonplace, estimated in excess of 20%11, particularly broad spectrum prescribing and excessive 49 

treatment duration.1 For example, fluoroquinolones, broad spectrum antimicrobials, were the most 50 

commonly prescribed antimicrobials in LTCF in the US (38%)12, Canada (23%) and European countries  51 

(16%)3, with the majority prescribed for the treatment of urinary tract infections (UTIs), respiratory tract 52 

infections (RTIs) and skin and wound infections, even though fluoroquinolones  are considered second-53 

line agents for these common infections.13,14 Similarly, antimicrobials prophylaxis use was much higher 54 

than could be expected according to prescribing guidelines.15  55 
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To explore adherence to guidelines in Irish LTCF and identify potential associated risk factors, this study 56 

analysed first and second-line antimicrobial prescribing.   57 

Methods 58 

1. Study setting and participants 59 

Analysis of data from the point prevalence survey on healthcare associated infections and antimicrobial 60 

use (HALT) conducted in 224 LTCF in Ireland in May  2016 was performed.16 The HALT survey was 61 

undertaken according to a standard protocol, devised by the European Centre for Disease Prevention 62 

and Control. The participation of long-term care facilities were voluntary. 63 

2. Data collection 64 

For each LTCF, two sets of questionnaires were filled. An institutional questionnaire recorded aggregate 65 

data on the overall resident population and risk factors such as age above 85 years, indwelling devices, 66 

size of long-term care facility, medical co-ordination, antimicrobial stewardship activities and resources 67 

from each participating long-term care facilities. While resident questionnaire recorded demographic and 68 

risk factor information (presence of vascular or urethral catheters, incontinence, disorientation and 69 

impaired mobility, hospitalisation in past three months) of only those residents meeting the surveillance 70 

case definition of active HAI and/or prescribed antimicrobials on the day of survey.  Therefore, the 71 

availability of aggregate data collected on May 2016 reduced the potential to identify associations. To 72 

increase the power, all the LTCFs that participated initially in May 2016 survey were contacted 73 

retrospectively on January 2017 with a request to provide current resident level data on age, gender, 74 

urinary catheterisation and disorientation which would allow for analysis at LTCF level, adjusting for 75 

individual factors (a multilevel approach). The decision to go back 8 months (January 2017) after the 76 

original survey (May 2016)  was to request current resident data assuming  little changes in the overall 77 

resident population since the original PPS date and to limit the additional workload requested of the LTCF 78 

staff. The retrospectively-collected information was matched to the original database (HALT survey 79 

2016), replacing each resident of the same sex and closest in age, considering urinary catheterisation 80 
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and disorientation. The resultant database was used for data analysis. The matching criteria was defined 81 

prior to the additional data collection.   82 

3. Variables in the analysis  83 

The outcome variable was resident’s current antimicrobial status: first-line or second-line or no 84 

antimicrobial. Antimicrobials were categorised as either first-line or second-line according to the 85 

recommendations of the Irish national antimicrobial prescribing guidelines for primary care.14 First-line 86 

according to indication were: 87 

 Urinary tract infection (UTI): nitrofurantoin, trimethoprim, sulfamethoxazole-88 

trimethoprim, fosfomycin 89 

 Respiratory tract infection (RTI): Amoxicillin, doxycycline, clarithromycin, 90 

phenoxymethylpenicillin 91 

 Skin infections: Doxycycline, tetracycline, lymecycline, flucloxacillin, clarithromycin 92 

Included predictor variables at resident level were: age, sex and presence of urinary catheter and at LTCF 93 

level were: medical care provider (general practitioner versus medical staff employed by the facility), 94 

prescriber education on antimicrobial use, availability of a therapeutic formulary and LTCF care type: 95 

further stratified into general nursing homes, intellectual disability facilities, mixed care, psychiatric care, 96 

palliative care, rehabilitation, physical disability care and other LTCFs. Provision of annual regular training 97 

on appropriate antimicrobial prescribing in LTCFs was an indicator for prescriber education. Institutional 98 

level variables were information on annual regular training on antimicrobial use and the availability of a 99 

therapeutic formulary which was collected as part of an antimicrobial stewardship activities list either 100 

present or absent in a LTCF.    101 

4. Data analysis  102 

The outcome variable ‘antimicrobial use’ is nominal and has three categories. The most commonly used 103 

nominal choice modelling is a multinomial logit. However, as our data was hierarchical in structure 104 
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(individual residents nested within LTCFs) a multilevel multinomial logit modelling was applied. The 105 

primary interest was to compare variation in first-line vs. second-line antimicrobial use in LTCFs which 106 

requires the creation of two contrasts: first versus second-line antimicrobials (k=1) and first-line versus 107 

no antimicrobial (k=2), with first-line antimicrobials the reference category (see equation below).  108 

Contrast 1 =  𝑙𝑜𝑔
𝜋2𝑗

𝜋1𝑗
=  𝛽𝜊𝑘 𝑐𝑜𝑛𝑠. 𝑠𝑒𝑐𝑜𝑛𝑑 𝑙𝑖𝑛𝑒 𝑎𝑛𝑡𝑖𝑚𝑖𝑐𝑟𝑜𝑏𝑖𝑎𝑙𝑠𝑖𝑗 –-----------------------equation 1 109 

Contrast 2 =  𝑙𝑜𝑔
𝜋3𝑗

𝜋1𝑗
=  𝛽1𝑘 𝑐𝑜𝑛𝑠.  𝑁𝑜 𝑎𝑛𝑡𝑖𝑚𝑖𝑐𝑟𝑜𝑏𝑖𝑎𝑙𝑠𝑖𝑗--------------------------------------equation 2  110 

Where, 1= first-line antimicrobials, 2= second-line antimicrobials, 3= no antimicrobial, 𝛽𝜊𝑘 = intercept 111 

for first-line versus second-line, 𝛽1𝑘 = intercept for first-line versus no antimicrobials, i = each category 112 

2 and 3 and j=individual residents. The intercept represents the LTCF element of the equation. 113 

A forward stepwise selection process was used to build the model, by introducing resident (individual 114 

level) variables followed by LTCF level variables. The selection of facility  level variables was based on 115 

their relative contribution in the antimicrobial prescribing model conducted previously17.  We used a p 116 

value of < 0.25 as threshold value for variable retention in the model.18 Parameters for both fixed effects 117 

and random effects (measure of variations) are presented as estimates with standard error and p-value. 118 

A p-value of <0.05 was considered statistically significant. The predicted probabilities of the events of 119 

interest (e.g. being prescribed second-line antimicrobials compared to first-line was  calculated as;19 120 

 Pr(𝑠𝑒𝑐𝑜𝑛𝑑𝑙𝑖𝑛𝑒 𝑎𝑛𝑡𝑖𝑚𝑖𝑐𝑟𝑜𝑏𝑖𝑎𝑙𝑠) =
exp (𝛽𝜊𝑘)

1+exp(𝛽𝜊𝑘)+exp (𝛽1𝑘)
 ----------------------------equation 3 121 

Where, Pr = predicted probabilities, 𝛽𝜊𝑘 = intercept for first-line versus second-line, 𝛽1𝑘 = intercept 122 

for first-line versus no antimicrobials. Odds ratios were calculated and presented with their 95% 123 

confidence interval.  124 

Bayesian Markov Chain Monte Carlo (MCMC) estimation method with burn-in length 500 and monitoring 125 

chain length 5000 was used to develop a multilevel multinomial model in MLwiN (version 3.01). 126 
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Results  127 

Of 224 long-term care facilities that participated in the survey in May 2016 in Ireland, 93 provided 128 

additional information when contacted in January 2017. After matching, 77 LTCFs were included in the 129 

multilevel multinomial logit model; three were excluded because of missing values, two reported only two 130 

residents each and 11 LTCFs showed a large discrepancy (>75%) with the number of residents reported 131 

in January 2017 when compared to the residents reported in May 2016 survey.  132 

In the included 77 LTCFs, 3,677 residents were recorded, of whom 381(10.4%) were prescribed 133 

antimicrobials and of those, 46.5% were categorised as second-line (not shown in table).  134 

Overall, 5.6% of residents were prescribed first-line and 4.8% second-line antimicrobials. The median 135 

age of the residents on firstline antimicrobial was 83 and secondline was 81 years and the majority were 136 

female (Table 1). Nearly half of the residents were accommodated in a general nursing home. Residents 137 

on firstline antimicrobials 12.3% and secondline 14.7% had a urinary catheter. Of the 77 LTCFs, more 138 

than half reported that resident medical care was provided by the resident’s own general practitioner, 18 139 

had a therapeutic formulary comprising a list of antimicrobials available in the LTCF and six facilities 140 

provided prescriber education/training on antimicrobial prescribing (Table1).  141 

The caterpillar plot based on the random model showed substantial inter-facility variation in first and 142 

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 143 

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), 144 

p= 0.00] (Figure 1 & Table 2). Converting the probabilities to odds ratios, the figure shows that the median 145 

odds ratio (mOR) for second-line versus first-line doubled if an imagined  ‘median resident’ would move 146 

from the highest to the lowest prescribing LTCF (mOR= 2.0, Crl= 1.5 - 2.9) (Table 2). A moderate positive 147 

correlation was observed between LTCFs level variance and co-variance estimates (final model 0.6) 148 

indicating that LTCFs with more residents on second-line antimicrobials also had more residents not 149 

prescribed any antimicrobials (Table 2). 150 
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Male residents were less often prescribed first-line antimicrobials (OR=0.6, 95% CI=0.4 - 0.9, p=0.02). 151 

LTCFs providing education/training to prescribers on antimicrobials were significantly less likely to 152 

prescribe second-line compared to first-line antimicrobials (OR= 0.2, 95% CI= 0.1 - 0.7, p=0.02). When 153 

comparing first-line with no antimicrobial prescribed, female residents and residents with a urinary 154 

catheter were more likely to receive a first-line antimicrobial (Table 2).  155 

Discussion  156 

Nearly half of antimicrobials prescribed in Irish LTCFs in May 2016 were second-line agents, based on 157 

national prescribing guidelines which do not recommend broad-spectrum, second-line antimicrobials, 158 

unless first-line antimicrobials are ineffective.13,14 This study showed significant inter-facility variation in 159 

first and second-line antimicrobial prescribing. The use of secondline antimicrobial agent may be driven 160 

by resistance patterns which can show significant geographical variation. 20,21 Compared to first-line, the 161 

probability of second-line antimicrobials being prescribed was nearly double in LTCFs with higher 162 

prescribing compared to lower prescribing. A study from Piccirillo in the United States comparing patients 163 

treated with first or second-line antimicrobials showed no differences in clinical outcomes, but a significant 164 

increase in cost of care was associated with higher use of second-line antimicrobial use.22  165 

Prescribers’ training on antimicrobial prescribing is one of the primary objectives of the World Health 166 

Organisation’s  Global Action Plan on antimicrobial resistance and shown to be important when provided 167 

as part of an antimicrobial stewardship intervention.23,24 In this study, irrespective of any interventions, a 168 

significant association between LTCFs reporting the provision of training on antimicrobial prescribing and 169 

a preference for first-line prescribing, but not with no prescribing. Second-line antimicrobials were more 170 

often prescribed in the LTCFs without antimicrobial training. Lack of training and limited knowledge on 171 

prescribing among healthcare workers is an important factor in antimicrobial misuse.25 Various 172 

intervention studies have shown to improve prescribing through staff competency and educational 173 

programmes, as part of antimicrobial stewardship programmes.26,27 In LTCFs in particular, examples from 174 

Ontario, Canada and hospital-based nursing homes in Chicago, Illinois demonstrated increased 175 
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adherence to prescribing guidelines and reduced antimicrobial prescribing after an educational 176 

intervention.28 177 

Our study again highlights the high level of prescribing of both first and second-line antimicrobials for 178 

residents with urinary catheters. In general, urinary catheter use is not a sufficient indication for 179 

antimicrobial prescribing, as asymptomatic bacteriuria is almost universal in catheterised patients.14 Any 180 

stewardship or educational programme to improve the use of antimicrobials especially in the LTCF setting 181 

should re-emphasise this as a part of the training. 182 

While the power of this analysis was increased through the later additional data collection, a selection 183 

bias may have been introduced. However, we have shown previously that no differences could be 184 

observed between the LTCFs that did and did not provide the additional information.17 Additionally, the 185 

survey on healthcare associated infection and antimicrobial use in long-term care facilities (HALT) did 186 

not aim to determine the appropriateness of antimicrobial prescribing for an individual resident, nor to 187 

correlate each resident’s antimicrobial exposure history with relevant microbiology results where 188 

available and the systemic antimicrobial prescribed at the time of the PPS.   189 

Conclusion 190 

Significant variation between Irish LTCFs in first and second-line antimicrobial prescribing was observed. 191 

Prescriber training on appropriate antimicrobial use, as well as evidence to reduce antimicrobial 192 

prescribing for catheterised residents were identified as key messages for antimicrobial stewardship 193 

programmes. 194 
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Figure 1: Caterpillar plot showing LTCFs level residual on antimicrobial prescribing, with no explanatory 

variables in the model  

 

Table 1: Descriptive characteristics of residents (N=3677) by antimicrobial prescribing types and LTCFs 

(N=77) included 

  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) 
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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)  

LTCFs level Predictors (N=77) # Frequency 
(n) 

Percentage 
(%) 

 

LTCFs 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  

# refers to number of LTCFs and their percentages, *other infections refers to systemic infections, gastrointestinal infection, surgical site 

infections and ear, nose, and mouth infections 
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        Table 2: Random intercept multilevel multinomial logit model for antimicrobial prescribing 

 First-line vs. Second-line (K=1) First-line vs. No antimicrobial (k=2) 

 Estimate St. Error OR (95% CI) P- value Estimate St. Error 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* 

LTCFs 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(σ2uk ) - 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(σ2uk ) - 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 

*significant at p-value <0.05, St. Error= Standard error, K=1 refers to contrast 1(first-linefirst-line vs. second-line) and K= 2 refers to contrast 2 (ffirst-line vs. no antimicrobials), 

β0 = Intercept for first-line vs. second-line, β1 = Intercepts for first-line vs. no antimicrobials, OR= odds ratio, Crl= Credibility interval, CI= Confidence interval
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