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Attributable Length of Stay, Mortality Risk, and Costs of 
Bacterial Health Care�Associated Infections in Australia: 
A�Retrospective Case-cohort�Study
X.�J. Lee1, A.�J. Stewardson2,3, L.�J. Worth4,5, N. Graves6, and T.�M. Wozniak7,

1Australian Centre for Health Services Innovation, Queensland University of Technology, Queensland, Australia, 2Department of Infectious Diseases, The Alfred and Central Clinical School, 
3Monash University, Victoria, Australia, 4Victorian Healthcare Associated Infection Surveillance System Coordinating Centre, Doherty Institute, Victoria, Australia, 5National Centre for Infections 
in Cancer, Sir Peter MacCallum Department of Medicine, University of Melbourne, Victoria, Australia, 6Duke University and the National University of Singapore Medical School, Singapore, and 
7Charles Darwin University, Menzies School of Health Research, Global & Tropical Health Division, Northern Territory, Australia

Background. Unbiased estimates of the health and economic impacts of health care�associated infections (HAIs) are scarce and 
focus largely on patients with bloodstream infections (BSIs). We sought to estimate the hospital length of stay (LOS), mortality rate, 
and costs of HAIs and the di�erential e�ects on patients with an antimicrobial-resistant infection.

Methods. We conducted a multisite, retrospective case-cohort of all acute-care hospital admissions with a positive culture of 1 of 
the 5 organisms of interest (Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Staphylococcus aureus, or Enterococcus 
faecium) from 1 January 2012 through 30 December 2016. Data linkage was used to generate a data set of statewide hospital ad-
missions and pathology data. Patients with bloodstream, urinary, or respiratory tract infections were included in the analysis and 
matched to a sample of uninfected patients. We used multistate survival models to generate LOS, and logistic regression to derive 
mortality estimates.

Results. We matched 20�390 cases to 75�635 uninfected control patients. �e overall incidence of infections due to the 5 studied 
organisms was 116.9 cases per 100�000 patient days, with E.�coli urinary tract infections (UTIs) contributing the largest propor-
tion (51 cases per 100 000 patient days). �e impact of a UTI on LOS was moderate across the 5 studied pathogens. Resistance 
signi�cantly increased LOS for patients with third-generation cephalosporin-resistant K.� pneumoniae BSIs (extra 4.6� days) and 
methicillin-resistant S.�aureus BSIs (extra 2.9�days). Consequently, the health-care costs of these infections were higher, compared 
to corresponding drug-sensitive strains.

Conclusions. �e health burden remains highest for BSIs; however, UTIs and respiratory tract infections contributed most to 
the health-care system expenditure.

Keywords.  antimicrobial resistance; length of stay; hospital-associated infections; mortality; cost.

Health care�associated infections (HAIs) are often preventable 
[1], but continue to pose a significant burden on patients� health 
and the economy [2]. On any given day, 1 in 18 patients in a 
European hospital [3] and 1 in 10 Australian inpatients [4] has a 
HAI. Impacts of HAI include prolonged hospital stays, readmis-
sions, disability, and increased risk of treatment failure [1, 5�7]. 
Antimicrobial resistance (AMR) is a recognized global public 
health emergency that poses a fundamental threat to human 
health, development, and security [8].

While the burden of HAIs is well described, many studies ei-
ther do not appropriately adjust for time-dependent bias [9] or 
focus on bloodstream infections (BSIs) only [6, 10, 11], omitting 
other highly prevalent HAIs, such as urinary tract infections 
(UTIs) [12]. Few have focused on a comprehensive assessment 
of the AMR burden [10, 11, 13]. Hence, the current evidence 
base for the impact of HAIs is likely to be overestimated, be-
cause of time-dependent bias and its e�ect on hospital length 
of stay (LOS) estimates [14, 15], or be narrowed in scope. �is 
creates a gap in our ability to assess the health bene�ts and cost 
e�ectiveness that (new) infection control strategies may o�er in 
reducing HAIs and�AMR.

�e objective of this study was to provide robust estimates 
of the health burden of 5 bacterial HAIs and the additional im-
pact of AMR, using multistate modeling. We estimated the im-
pacts of Escherichia coli, Klebsiella pneumoniae, Pseudomonas 
aeruginosa, Staphylococcus aureus, and Enterococcus faecium 
from multiple sites (BSI, UTI, and respiratory tract infections 
[RTI]) on patient in-hospital stay and mortality. In addition, 
the economic cost impact of these infections to the Australian 
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health-care system was estimated, including the additional 
AMR cost�impact.

METHODS

Setting and Study�Design

This was a multi-site, retrospective case-cohort study of all 
acute-care hospital admissions in Queensland, Australia, from 
1 January 2012 through 30 December 2016. Patients with a 
positive culture of 1 of the 5 organisms of interest, including 
E.�coli, K.�pneumoniae, P.�aeruginosa, S. aureus, or E.�faecium, 
from multiple sites (BSI, UTI, and RTI) were matched with a 
sample of uninfected patients. Data linkage was used to gen-
erate a data set that matched Queensland Hospital Admitted 
Patients Data Collection [16] with Queensland Department of 
Health Pathology [17]. Linkage was done by matching the hos-
pital and hospital-level patient identifiers and by ensuring that 
sample collection dates fell within recorded admission and dis-
charge dates. Up to 3 uninfected patients were matched based 
on hospital, age group, sex, and separation date.

Definitions

Health care�associated (HA)-BSI was defined as a positive 
blood culture present >48 hours after admission. HA-UTI was 
defined as a patient having a urine culture >48 hours after ad-
mission with no more than 2 species of organisms identified 
and a count of >105 colony-forming units of bacteria per mil-
liliter in a urine specimen. HA-RTI was defined as a positive 
P.� aeruginosa smear or culture and a count of >104 colony-
forming units per milliliter from lung tissue or pleural fluid 
present >48 hours after admission. Only the first positive cul-
ture per patient was analyzed. These definitions are consistent 
with published and accepted criteria for defining HA-BSI [18], 
HA-UTI [12, 18, 19], and HA-RTI [20].

Antibiotic susceptibility results were provided as European 
Committee on Antimicrobial Susceptibility Testing interpreted 
values (resistant, intermediate, and susceptible). All resistant 
and intermediate results were regarded as �resistant� for the 
purpose of phenotype analysis. �ird-generation cephalosporin 
(3GC) resistance was inferred from ce�azidime and ce�riaxone 
resistance, and methicillin resistance in S.�aureus was inferred 
from resistance to �ucloxacillin.

�ere were 10 exposure�groups:

 1. 3GC-resistant K.�pneumoniae�
 2. 3GC-sensitive K.�pneumoniae�
 3. 3GC-resistant E.�coli�
 4. 3GC-sensitive E.�coli�
 5. Ceftazidime-resistant P.�aeruginosa
 6. Ceftazidime-sensitive P.�aeruginosa�
 7. Methicillin-resistant S.�aureus (MRSA)
 8. Methicillin-sensitive S.�aureus (MSSA)

 9. Vancomycin-resistant E.�faecium (VRE)
 10. Vancomycin-sensitive E.�faecium (VSE)

Statistical Analysis

A multistate survival model was used to estimate the differ-
ence in LOS between those with an infection and those without 
[21] using the etm-package in R [22] and adapting for the case-
cohort design [23] of our data. BSIs, UTIs, and RTI for the 5 
organisms were the time-varying exposure of interest, and sep-
arate analyses were performed for each organism and infec-
tion site, referred to subsequently as �infection groupings.� The 
multistate model has 4 states: uninfected, infected, discharged 
alive, and died in hospital (Figure�1).

Patients entered the model through the �uninfected� state. 
Transition between states was determined by transition haz-
ards (�), accounting for both time-dependent and competing 
risk natures of the events (Supplementary Material). Long hos-
pitalizations were censored at 90�days to remove any long-stay 
e�ects [10]. We estimated the excess LOS attributable to resist-
ance by simulating the estimated extra LOS for resistant and 
susceptible infections from the respective multistate models as 
separate gamma distributions, and computing the di�erence. 
We used 10�000 simulations from each �tted distribution to es-
timate the excess LOS attributable to resistance.

From logistic regressions, we estimated the e�ect of HAI on 
in-hospital death as the death odds ratio (OR), which was ap-
propriate for data sets with small amounts of administrative 
censoring [24]. �e death OR quanti�es the association between 
HAI and hospital mortality risk. Estimates were obtained from 4 
regression models, which di�ered by the level of grouping struc-
ture (ie, all S.�aureus versus MRSA versus S.�aureus BSI versus 
MRSA BSI). Death OR estimates of resistant and susceptible 

Figure 1. Multi-state model used to determine the length of stay. The alphas (�) 
represent the transition hazards. Abbreviations: A, patients discharged alive; D, pa-
tients who died in hospital; I, infected patients; U, uninfected patients.
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pairings were compared using the estimated marginal means 
(Supplementary Material, logistical regression). Results are pre-
sented as ORs and 95% con�dence intervals (CIs). We included 
potential confounding variables of age, sex, admission year, 
time from admission to infection, hospital peer-group and re-
moteness [25], and comorbidities as additional covariates in the 
logistic regression model. Comorbidities were identi�ed using 
a validated algorithm based on International Classi�cation of 
Disease, 10th Revision, Australian Modi�cation (ICD-10-AM) 
coding [26] and were converted to the Charlson comorbidity 
index [27].

Cost of Infection

The cost of infection was calculated as a product of the pro-
longation of LOS associated with infection and a monetary 
value of a bed day. First, we used an estimate per bed day 
($250.40 Australian dollars) [28] reported from a contin-
gent valuation study that elicited a hospital Chief Executive 
Officer�s �willingness to pay� to release a bed day from some 
infection-reducing intervention. This is akin to the opportu-
nity costs (and referred to hereafter as �opportunity costs�) 
of a bed day, and provides a valuation more likely to be used 
for decision-making under scarce resources. Second, we used 
the �accounting costs� per bed days, obtained by dividing the 
total annual hospital budget by the number of bed days sup-
plied during the same period ($2721.8 Australian dollars, es-
timated by adjusting 2016�17 estimates to 2020 prices) [29]. 
Cost of resistance was calculated as the additional costs of a 
resistant infection over the corresponding susceptible infec-
tion pairing. Annual costs for the infection groups were calcu-
lated by multiplying the cost per infection and the incidence 
density for each group. Results are presented as the average 
annual costs over the 5-year period of the data set, with 95% 
CIs. All costs were converted to 2020 US dollars (USD) using 
the XE Currency Converter, Live Rates [30].

Ethics

Ethical approval, including consent waiver, was granted by the 
Queensland University of Technology Human Research Ethics 
Committee (HREC1700000232).

RESULTS

Overall, data for 96�025 patients from 134 Queensland hospitals 
were analyzed. Studied hospitals included facilities located 
in major cities [31] (n�=�18), regional hospitals (n�=�74), and 
rural health-care services (n�=�42), with the majority of patient 
data collected from hospitals in major cities (62.3%). Evaluable 
data were comprised of 20 390 infected cases with 1 of the 5 
organisms of interest, and 75�635 uninfected controls. Patients 
with UTIs were older than those with BSIs, and females were 
overrepresented, except for in the S.�aureus UTI group, where 
the proportion of males was high (72%). The average age of the 

control group was 68�years old (standard deviation [SD], 23), 
whilst patients classified as cases had a similar overall age of 
68�years old (SD, 20), but a smaller proportion of females (59% 
in cases versus 66% in controls; see Table�1).

�e overall incidence of the 5 studied HAIs was 116.8 per 
100 000 patient days (Table�1). More HAIs were due to Gram-
negative bacteria than to Gram-positive bacteria. UTIs sec-
ondary to E.�coli were most common, with an incidence of 51.5 
cases per 100�000 patient days, whilst BSIs were most frequently 
due to S.�aureus (5.7 cases per 100�000 patient days). �e inci-
dence of P.�aeruginosa RTI was 11.6 cases per 100�000 patient 
days. Drug-sensitive strains were more prevalent than drug-
resistant strains (Table�1).

All-cause in-hospital mortality was highest in patients with a 
BSI, compared those with a UTI or RTI. Enterococcus faecium 
BSIs were associated with the greatest number of deaths, espe-
cially in those who were infected with a resistant strain (25.6%, 
n�=�43). �e all-cause mortality proportions for patients with 
E.�coli and P.�aeruginosa BSIs were 16.7% and 15.8% of patients, 
respectively.

Infection-attributable Excess Hospital Length of�Stay

HA-BSIs resulted in a greater excess LOS in hospital than UTIs 
or RTIs (Figure� 2). Staphylococcus aureus BSIs resulted in an 
additional 5.3� days (95% CI, 5.2�5.5) in hospital, followed 
by P.�aeruginosa and E.� faecium at 3.5�days (95% CI, 3.3�3.7) 
and 3.4� days (95% CI, 3.2�3.6), respectively (Figure� 2A). 
Patients with a MRSA BSI stayed in hospital for an additional 
7.9�days (95% CI, 7.8�8.1), which was 2.9�days (95% CI, 2.7�
3.1) longer than MSSA BSI patients. Similarly, patients with 
a 3GC-resistant K.� pneumoniae BSI stayed in hospital for an 
additional 7.3�days (95% CI, 7.1�7.4), whilst those with drug-
sensitive K.�pneumoniae had an excess LOS of 2.7�days, resulting 
in an additional 4.6�days (95% CI, 4.3�4.8) attributable to re-
sistance. There was no additional impact on hospital LOS for 
patients who had a E.� coli infection, either drug-sensitive or 
drug-resistant (Figure�2). Patients with a vancomycin-sensitive 
strain of E.�faecium BSI stayed in hospital an additional 2.5�days 
(95% CI, 2.1�2.9) compared with patients with VRE. The same 
effect was not seen in patients with a urinary E.�faecium infec-
tion (Figure�2B).

Across all 5 infections, the impact of a UTI on hospital LOS 
was moderate (Figure� 2B). �e additional impact on hospital 
LOS for patients with a drug-resistant infection was more no-
table in patients with a 3GC-resistant K.�pneumoniae UTI, who 
stayed in hospital an additional 2�days (95% CI, 1.7�2.2) com-
pared to patients infected with a drug-sensitive�strain.

Patients with a P.�aeruginosa RTI stayed in hospital for an addi-
tional 2.8�days (95% CI, 2.7�3.0) compared to uninfected controls 
(Figure�2C). Ce�azidime-resistant infections resulted in a LOS 
of 1.5�days, whilst patients with a ce�azidime-sensitive infection 
stayed in hospital for an estimated 3�days (95% CI, 2.9�3.2).
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Infection-attributable Mortality

All BSIs were associated with increased odds of death 
(Figure� 3A). Enterococcus faecium BSI patients were associ-
ated with a death OR of 4.5 (95% CI, 2.7�7.3) compared with 
uninfected patients. This was followed by K.�pneumoniae BSI 
(OR, 3.1; 95% CI, 2.3�4.3) and E.� coli BSI (OR, 2.9; 95% CI, 
2.3�3.7) patients, who had an additional 3-fold increased risk of 
death compared to control patients. The death OR was signifi-
cant only for E.�faecium UTI patients (OR, 1.4; 95% CI, 1.1�1.8; 
Figure� 3B) and P.� aeruginosa RTI patients (OR, 2.4; 95% CI, 
2.0�2.8; Figure�3C). Differences in death ORs between resistant 
and susceptible infections were not statistically significant, but 
were most notable in P.�aeruginosa (BSI OR, 1.6 [95% CI, �1.1 
to 4.2]; UTI OR, 1.6 [95% CI, .5�2.7]; and RTI OR, 1.6 [95% 
CI, .6�2.1]).

Infection-attributable�Cost

Staphylococcus aureus BSIs were associated with the highest 
cost. Opportunity costs were estimated as USD $909.1 (SD, 
$97.6) per infection, and hospital accounting costs were USD 
$9877.8 (SD, $999.8; Table�2).

Hospitalization of patients with a resistant infection was as-
sociated with higher costs than patients with a drug-sensitive 
strain across the 5 infections, except for patients with VRE bac-
teremia and ce�azidime-resistant P.�aeruginosa RTI (Table�2). 
Opportunity costs attributable to hospital LOS were lower in 
VRE BSI patients (USD $318) compared with VSE BSI patients 
(USD $760) and in patients with a P.�aeruginosa RTI (Table�2). 
For all remaining infections, resistance-attributable costs were 
higher or comparable to those in patients with drug-sensitive 
infections. We estimate an additional USD $753.5 (SD, 147.9) 

Table 1. Patient Characteristics for the Study Population, Queensland, 2012�2016

Number Age (SD) Female, % Died in hospital, % LOS, median (IQR) Incidence/100�000 

Controls, uninfected 75�635 67.7 (23.2) 65.6 5.7 4 (3�8)  
Cases, infected 20�390 67.6 (20.3) 59.4 7.2 21 (11�38) 116.88
S.�aureus BSIs 999 59.9 (23.1) 32.1 13.3 25 (16�43) 5.73
MRSA BSIs 140 56 (23.2) 35.7 12.9 34 (20�56) .80
MSSA BSIs 859 60.5 (23) 31.5 13.4 24 (15�41) 4.92
S.�aureus UTIs 497 67.3 (21) 28.2 8.2 21 (11�36) 2.85
MRSA UTIs 81 71.2 (17.4) 28.4 9.9 33 (17�49) .46
MSSA UTIs 416 66.5 (21.5) 28.1 7.9 19 (11�33) 2.38
E.�faecium BSIs 107 57.7 (18.3) 36.4 22.4 35 (20�53) .61
VRE BSIs 43 60.9 (14.9) 37.2 25.6 31 (21�49) .25
VSE BSIs 64 55.5 (20) 35.9 20.3 36 (20�55) .37
E.�faecium UTIs 727 70.3 (17.1) 67.1 8.7 24 (14�41) 4.17
VRE UTIs 323 70.6 (17.1) 65.6 7.7 27 (15�42) 1.85
VSE UTIs 404 70.1 (17.1) 68.3 9.4 22 (12�40) 2.32
E.�coli BSIs 588 62.2 (21.3) 39.3 16.7 22 (14�36) 3.37
REC BSIs 45 61.3 (20.6) 31.1 15.6 24 (17�36) .26
SEC BSIs 543 62.2 (21.4) 40 16.8 22 (13�36) 3.11
E.�coli UTIs 8952 69.2 (19.7) 75.4 4.9 18 (10�35) 51.32
REC UTIs 448 68.4 (20.1) 65.6 3.3 19 (10�37) 2.57
SEC UTIs 8504 69.3 (19.7) 75.9 5 18 (10�35) 48.75
K.�pneumoniae BSIs 354 58.1 (20.8) 35 15.5 27 (16�45) 2.03
RKP BSIs 14 53.4 (17.2) 28.6 14.3 24 (22�40) .08
SKP BSIs 340 58.3 (20.9) 35.3 15.6 27 (16�45) 1.95
K.�pneumoniae UTIs 2420 66.2 (20.4) 59.6 6.7 21 (11�37) 13.87
RKP UTIs 120 66.2 (18.8) 56.7 5.8 24 (14�46) .69
SKP UTIs 2300 66.2 (20.5) 59.8 6.7 21 (11�37) 13.18
P.�aeruginosa BSIs 285 61.4 (20.3) 31.2 15.8 28 (17�45) 1.63
RPA BSIs 23 54 (24.6) 34.8 17.4 34 (24�64) .13
SPA BSIs 262 62.1 (19.8) 30.9 15.6 26 (17�45) 1.50
P.�aeruginosa UTIs 3519 71.7 (18.5) 48.4 5.9 24 (12�43) 20.17
RPA UTIs 299 68.3 (19.5) 43.8 8 31 (18�52) 1.71
SPA UTIs 3220 72 (18.4) 48.9 5.7 23 (12�42) 18.46
P.�aeruginosa respiratory 1942 62 (21.6) 40 10.6 21 (12�38) 11.13
RPA respiratory infections 338 60 (21.9) 39.6 11.5 20 (12�43) 1.94
SPA respiratory infections 1604 62.4 (21.5) 40.1 10.4 21 (12�38) 9.19

Abbreviations: BSI, bloodstream infection; E.�coli, Escherichia coli; E.�faecium, Enterococcus faecium; IQR, interquartile range; K.�pneumoniae, Klebsiella pneumoniae; LOS, length of stay; 
MRSA, methicillin-resistant S.�aureus; MSSA, methicillin-sensitive S.�aureus; P.�aeruginosa, Pseudomonas aeruginosa; RPA, resistant P.�aeruginosa; REC, resistant E.�coli; RKP, resistant 
K.�pneumoniae; S.�aureus, Staphylococcus aureus; SD, standard deviation; SEC, sensitive E.�coli; SKP, sensitive K.�pneumoniae; SPA, sensitive P.�aeruginosa; UTI, urinary tract infection; VRE, 
vancomycin-resistant E.�faecium; VSE, vancomycin-sensitive E.�faecium.
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per 3GC-resistant K.�pneumoniae BSI; USD $503.2 (SD, 172.9) 
per MRSA BSI; and USD $342.6 (SD, 123.1) per ce�azidime-
resistant P.�aeruginosa BSI. UTIs were associated with increased 
bed-day costs for all organisms, but the increases were notably 
smaller than the corresponding BSI costs. �e accounting costs 
for each of the organisms are presented in Table�2.

Averaged over the 5-year study period, the annual costs es-
timated using accounting estimates of bed-day costs and in-
cidences were highest for P.�aeruginosa RTI (USD $2�056�492; 
95% CI, $1 658 763�2 489 062; Figure�4C) and S.�aureus BSI 
(USD $1�973�594; 95% CI, $1 600 910�2 375 414; Figure�4A), 
compared to uninfected patients. �is was followed by E.�coli 
UTI, with an estimated annual opportunity cost of USD$ 
1�699�756 per year (95% CI, $1 191 226�2 323 857; Figure�4B) 
that was over 3-fold higher than the corresponding BSI cost 
(USD $510�507; 95% CI, $408 993�622 654; Figure�4A). In con-
trast, S.�aureus BSI costs (USD $1�973�594) were 7 times the an-
nual S.�aureus UTI costs (USD $277�655; Figure�4B). For the 5 
organisms, the annual HA-UTI cost was USD $3.7 million and 

the annual HA-BSI cost was USD $3.4 million. �e annual cost 
of HA-RTI, which includes only P.� aeruginosa, was USD $2.1 
million (Figure�4C). �e combined accounting costs of patients 
with BSI, UTI, and RTI drug-sensitive infections were higher 
than the corresponding drug-resistant costs, and amounted to 
USD $7.8 million per year (USD $7�762�293) and USD $1.6 mil-
lion per year (USD $1�614�496), respectively.

DISCUSSION

We provide a comprehensive estimate of the impact of 
antibiotic-sensitive and -resistant bacterial HAIs in Australia. 
Our study expands upon the literature by more fully adjusting 
estimates of morbidity (excess LOS) and mortality in patients 
with drug-resistant UTIs and P.�aeruginosa RTI. We used data 
linkage to identify 20�469 patients infected with 1 of 5 clinically 
significant organisms; of these, 1693 patients� infections were 
due to antibiotic-resistant bacteria. The combined (BSI, UTI, 
and RTI) antibiotic-resistant infections accounted for 717 extra 
days of hospital stay annually; suggested total annual costs were 

Figure 2. Infection-attributable LOS for health care�associated infections in the (A) bloodstream, (B) urinary tract, and (C) respiratory tract, Queensland, 2012�2016. 
Abbreviations: 3GC, third-generation cephalosporin; CI, con�dence interval; E.�coli, Escherichia coli; E.�faecium, Enterococcus faecium; K.�pneumoniae, Klebsiella pneumoniae; 
LOS, length of stay; MRSA, methicillin-resistant S.�aureus; MSSA, methicillin-sensitive S.�aureus; P.�aeruginosa, Pseudomonas aeruginosa; S.�aureus, Staphylococcus aureus; 
VRE, vancomycin-resistant E.�faecium; VSE, vancomycin-sensitive E.�faecium. 
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