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1. INTRODUCTION 

1.1 Background 

There is limited scientific literature on the health and economic impact of antimicrobial resistance 
(AMR) globally (WHO, 2014). In European hospitals, blood steam infections (BSIs) caused by 
antimicrobial-susceptible and non-susceptible Enterobacteriaceae and Staphylococcus aureus have a 
substantial health and economic burden, which prolong length of stay (LOS), increase the daily risk of 
hospital death and increase costs (Stewardson et al., 2016). The situation in Australia cannot necessarily 
be extrapolated from international studies given difference in local epidemiology. For example, 
vancomycin-resistant enterococci (VRE) has emerged as a major healthcare problem in Australia; the 
incidence of VRE is higher in Australia than in all European countries (ACSQHC, 2017). 

1.2 Rationale 

There is a scarcity of data regarding the relative burden of BSIs caused by antimicrobial-susceptible 
and non-susceptible isolates of common bacterial groups in Australian hospitals. Accurate 
epidemiologic data will allow for informed infection prevention policy and clinical decision making, 
such as guidelines for empiric antibiotic treatment of patients with presumed bloodstream infection. 

1.3 Aim 

We aim to estimate the burden of BSIs caused by Enterobacteriaceae, Pseudomonas aeruginosa, 
Acinetobacter species, enterococci and S. aureus at the Alfred Hospital. Burden will be expressed as 
incidence and attributable outcomes (excess LOS and mortality) for each of these bacterial groups. 
Infections will be stratified by location of onset (community versus hospital) and multidrug resistance.   

2. OBJECTIVES 

2.1 Primary objective 

• To determine the incidence and outcomes (excess LOS and in-hospital mortality) of BSIs caused 
by Enterobacteriaceae, P. aeruginosa, Acinetobacter spp., enterococci and S. aureus among acute 
inpatients at a tertiary care hospital in Australia, stratified by location of onset (community/hospital) 
and multidrug resistance. 

2.2 Secondary objectives 

• To estimate the number of BSIs needed to prevent to avoid one death for each BSI phenotype i.e. 
number needed to harm (NNH); 

• To pilot and establish the feasibility of a scaled-up multi-site study involving the Australian Group 
on Antimicrobial Resistance (AGAR) participating hospitals throughout Australia to investigating 
the health-economic burden of BSIs from the hospital perspective. 

3. STUDY DESIGN 

3.1 Type of study 

Retrospective cohort study.  

3.2 Setting 
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The Alfred Hospital. The catchment for the Alfred Hospital is from the local government areas of 
Bayside, Stonnington, Glen Eira, Kingston, Port Phillip and Melbourne (greater than 700,000 people) 
as well as patients who access state wide services. 

3.3 Study period 

1 January 2015 to 31 December 2018 

4. PARTICIPANTS 
 
We will include acute-care admitted episodes at the Alfred Hospital. No age restriction will be applied. 
For patients with multiple admissions during the study period, the primary analyses will include only 
the first admission. 

4.1 Inclusion criteria 

• Inpatient acute-care episodes lasting more than one calendar day 
• Admission date during the study period 

4.2 Exclusion criteria 

• Ambulatory, hospital-in-the-home and non-acute care episodes 
• Emergency consultations without consequent hospital admission 

5. VARIABLES 

5.1 Exposures 

The primary exposure is BSIs caused by Enterobacteriaceae (E. coli, Klebsiella spp., and other), P. 
aeruginosa, Acinetobacter spp., enterococci and S. aureus. These BSIs will be defined as per the AGAR 
Sepsis Outcome Program definitions. In summary, BSIs are defined by one or more blood cultures with 
growth of the relevant bacteria. Subsequent positive blood cultures with the same organism will be 
regarded as a new BSI using the time periods as per AGAR definitions.  
 
All BSIs will be stratified by onset location and antibiotic susceptibility (see table below). Onset 
location will be defined as community- or hospital-onset. BSI will be categorised as hospital-onset if 
detected after the first three inpatient calendar days, if the patient was transferred from a non-acute ward 
or another hospital, if the patient was born during the current admission, or if they had a separation 
from Alfred Health during the 28 days prior to BSI onset. All others will be categorised as community-
onset. Antimicrobial susceptibility is classified as susceptible or resistant to key antibiotic relevant to 
each bacterial species or group. 
 

Cause of BSI Key antibiotic Source 
E. coli Third generation cephalosporin GNSOP 
Klebsiella spp. Third generation cephalosporin 
Other Enterobacteriaceae Third generation cephalosporin 
P. aeruginosa Multidrug resistant* 
Acinetobacter spp. Multidrug resistant* 
S. aureus Methicillin ASSOP 
Enterococci Vancomycin (vanA, vanB or both) AESOP 
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*Multidrug resistance will be defined as per AGAR. 

5.2 Outcomes 

The two primary outcomes are in-hospital mortality and excess LOS in hospital (days). 

5.3 Covariates 

The following baseline variables which are considered potential confounders will be collected: age, sex 
(Male, Female), admission type (Emergency, Elective), provenance (Home, Transfer from other 
hospital, Transfer from non-acute ward, Born this episode), nights hospitalised in the previous 12 
months in the same institution (two or more nights hospitalised), date of last separation prior to the 
current admission, primary diagnosis category* and comorbidities#. Comorbidities will be included in 
the analyses as individual covariates; however the Charlson Comorbidity Index will be computed for 
descriptive purposes. Two time-varying binary covariates will be considered while patients were at risk 
for BSI: admission to an intensive care unit (ICU) and surgical procedure. 

6. DATA SOURCES  
This project will link data from two sources using patient unique identifiers; administrative data from 
the Alfred Hospital and BSI surveillance data from the AGAR. 

6.1 Alfred Hospital administrative records 

The patient cohort will be identified from Alfred Hospital administrative data. Outcomes and covariates 
will be extracted from hospital databases by information technicians. All inpatient episodes meeting the 
eligibility criteria will be extracted with admission and separation dates, source of admission, primary 
diagnosis and additional diagnoses (International Classification of Diseases (ICD) codes), dates of first 
admission to ICU and first surgical procedure, mortality status at end of admission (alive/deceased), 
and details about previous admissions. Comorbidities will be derived using a validated algorithm based 
on ICD-9-CM and ICD-10 codes. 

6.2 AGAR Sepsis Outcome Programs 

The time-varying primary exposure, BSIs, will be identified from the three Sepsis Outcome Programs 
performed by the AGAR. AGAR conducts ongoing surveillance programmes on antibiotic 
susceptibility of bacteria. The AGAR sepsis outcome programs conduct surveillance on blood culture 
isolates with Enterobacteriaceae, P. aeruginosa and Acinetobacter spp. (GNSOP), enterococci 
(AESOP) and S. aureus (ASSOP). The Alfred Hospital is one of 38 member laboratories across 
Australia which provide data on antimicrobial susceptibility from all episodes of bloodstream infection. 
This network provides a rich source of data that can be linked to inpatient records to assess the impact 
and associations of BSIs caused by antimicrobial-susceptible and non-susceptible bacteria. This dataset 
includes bacterial species, antimicrobial susceptibility testing, and limited clinical information 
(including 30-day mortality).  

6.3 Data Linkage 

The AGAR datasets include a laboratory number that identifies the bacterial isolate in the laboratory 
information system. In order to link these two datasets, we will need to extract patient identifiers (Unit 
Record (UR) number, age, sex) that correspond to the laboratory number. We can then link to the 
hospital record extract on the basis of UR number and BSI date (ensuring that the date of BSI falls 
between the date of admission and separation). 
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7. STATISTICAL METHODS 

7.1 Sample size 

The sample size for this pilot study will be determined pragmatically by the number of patients with 
admissions and BSI during the study period. The output from this study will inform a sample size 
estimate for a future multisite study. From Alfred Health Annual Reports, we estimate that over 300,000 
acute care episodes will be eligible during the study period. 

7.2 Descriptive statistics 

Descriptive analysis will summarise covariates and estimate BSI incidence. Continuous variables will 
be summarised as median with 25%–75% percentile and ordinal variables as count with percentage. 
BSIs will be categorised as hospital-onset if detected after the first 48 hours of admission, if the patient 
was transferred from a non-acute ward or another hospital, if the represented to hospital after being 
discharged from a hospital, or if the patient was born during the current admission. All others BSI 
incidences will be categorised as community-onset.  

7.3 Estimation of incidence 

For hospital-onset BSIs, incidence rate will be computed by dividing the number of events by the 
number of patient-days at risk (expressed as episodes per 1,000 patient days). For community-onset 
BSIs, incidence rate will be computed by dividing the number of events by an approximation of the 
population served by Alfred Hospital (expressed as annual episodes per 100,000 population). 

7.4 Estimation of mortality and excess length-of-stay 

Two important characteristics of this dataset are the inclusion of time-varying exposures (BSI, surgery 
and ICU admission) and competing risks (death and discharge alive). To account for this, we will adopt 
a multistate model in the estimation of hospital morality and excess LOS (figure 1). Patients will enter 
the model on admission to acute care and exit by entering one of two competing absorbing states 
(hospital death or discharge alive), with or without passing through one of two intermediate states 
(susceptible or non-susceptible BSI). Admissions will be artificially right-censored at day 45 to reduce 
the influence of outliers.  
 

Figure 1. Multistate model adopted for the analysis of the  
burden of bloodstream infections caused by antimicrobial susceptibility 

 
Source: Stewardson et al., 2016 
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Cox proportional hazards models will be used to compare the daily risk (hazard) of reaching the 
endpoint, i.e. hospital death, discharge alive, and the combined end-of-stay endpoint (hospital death or 
discharge alive), between the three groups of patients (non-susceptible BSI, susceptible BSI and 
uninfected subjects). We will fit three models for each possible pairwise comparison between these 
three groups. Model 1 will only include infection status as time-dependent variable. Model 2 will be 
adjusted for age, sex, emergent/elective admission, nights hospitalised in the previous 12 months and 
comorbidities. Age will be centred at the cohort mean and divided by 10. Each comorbidity will be 
included as a separate indicator variable. Model 3 will be additionally adjusted for two time-dependent 
variables while patients were at risk for BSI; ICU admission and surgical procedure. We will check the 
proportional hazards assumption by inspection of the Schoenfeld residuals. 
 
Multistate models describe the instantaneous (in this case, daily) risk of transition between health states. 
The excess LOS associated with an infection will be derived as a function of these transition 
probabilities. We will use the Aalen-Johansen estimators as a nonparametric estimator for the matrix of 
transition probabilities for all observed transition times. The expected LOS (in days) will then be 
computed by a function of the Aalen-Johansen estimator for the matrix of transition probabilities. The 
expected change in LOS for each of the BSI phenotypes will be computed for each day of admission as 
the difference between the estimated LOS, given that BSI (the intermediate state) had or had not 
occurred up to that day. The overall change in LOS will be computed as a weighted average of these 
quantities, with weighting determined by the observed distribution of time to BSI onset. The expected 
difference in LOS between susceptible and resistant infections will be produced similarly, by computing 
for each day the difference between the estimated LOS, given that the susceptible or resistant BSI had 
occurred up to that day, then computing a weighted average of these quantities determined by the 
observed distribution of day of BSI onset. Standard errors and confidence intervals will be derived by 
bootstrap re-sampling runs. 

7.5 Estimation of number needed to harm (NNH) 

We will build a simulation model, informed by baseline hazards and hazard ratios estimated above, in 
order to empirically derive the NNH for each bacteria/onset/resistance phenotype. We will use a 
probabilistic sensitive analysis approach with 10,000 samples to propagate uncertainty around these 
parameters through to the output and express this as 95% credible intervals. 

7.6 Missing data 

If there is a significant amount of missing data then we will use multiple imputation. 

8. ETHICAL CONSIDERATIONS 

8.1 Good clinical practice 

This study will be conducted in accordance with the ethical principles stated in the most recent version 
of the Declaration of Helsinki (2013), the ICH Guideline for Good Clinical Practice (E6), the STROBE 
statement, and the relevant local legislations. 

8.2 Research ethics approval 

The present protocol and accompanying documents will be submitted to the HREC at Alfred Health. 
Approval will be obtained prior to study commencement. Any subsequent protocol amendments will 
be submitted to the HREC for consideration and approval. The investigators will be responsible for 
adhering to ethics committee requirements throughout the study. 
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8.3 Informed consent 

Being a non-interventional, retrospective epidemiological study, we will request a waiver of informed 
consent.  

8.4 Protocol amendments 

Any important protocol modifications will be communicated to relevant parties.  

8.5 Declaration of interests 

The investigators have no financial or other competing interests. The coordinating investigators commit 
to implement the study in a reliable and transparent manner, and according to best practices in disclosure 
and management of potential conflicts arising from financial arrangements. 

8.6 Access to data 

Only investigators will have access to final study data set. 

8.7 Retention of records 

Data will be destroyed 7 years after completion of research project in accordance to the Alfred Health 
Guidelines on Archiving/Storage of Research Record. 

9. PUBLICATION POLICY 
Criteria for authorship will be in keeping with the International Committee of Medical Journal Editors. 
(http://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-
authors-and-contributors.html).   

10. TIMETABLE 

 
	  

Task Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Preparation 
Ethics & governance 
approval 

            

Finalisation of study 
materials 

            

Data collection 
Establishment of dataset             
Analysis & reporting 
Analysis             
Reporting             
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NOTES 
 
* Primary diagnosis category= Certain infectious and parasitic diseases Neoplasms Blood and blood-
forming organs and certain disorders involving the immune mechanism Endocrine, nutritional and 
metabolic diseases Mental and behavioural disorders Nervous system, eye and adnexa, ear and mastoid 
process Circulatory system Respiratory system Digestive system Skin and subcutaneous tissue 
Musculoskeletal system and connective tissue Genitourinary system Pregnancy, childbirth and the 
puerperium Certain conditions originating in the perinatal period Congenital malformations, 
deformations and chromosomal abnormalities Symptoms, signs and abnormal clinical and laboratory 
findings, not elsewhere classified Injury, poisoning and certain other consequences of external causes 
External causes of morbidity and mortality Factors influencing health status and contact with health 
services 
 
# Comorbidities = Cardiovascular disease Congestive heart failure Peripheral vascular disease 
Cerebrovascular disease Dementia COPD Connective tissue disease Peptic ulcer disease Mild liver 
disease Diabetes without end-organ damage Diabetes with end-organ damage Haemiplegia or 
paraplegia Renal disease Neoplasia Metastatic cancer Liver diseases HIV 
 


