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a b s t r a c t 

Objectives: There are scant primary clinical data on antimicrobial resistance (AMR) burden from low- and 

middle-income countries (LMICs). We adapted recent World Health Organization methodology to measure 

the effect of third-generation cephalosporin resistance (3GC-R) on mortality and excess length of hospital 

stay in Fiji. 

Methods: We conducted a prospective cohort study of inpatients with Enterobacterales bloodstream in- 

fections (BSIs) at Colonial War Memorial Hospital, Suva. We used cause-specific Cox proportional haz- 

ards models to estimate the effect of 3GC-R on the daily risk (hazard) of in-hospital mortality and being 

discharged alive (competing risks), and we used multistate modelling to estimate the excess length of 

hospital stay. 

Results: From July 2020 to February 2021 we identified 162 consecutive Enterobacterales BSIs; 3GC-R 

was present in 66 (40.7%). Crude mortality for patients with 3GC-susceptible and 3GC-R BSIs was 16.7% 

(16/96) and 30.3% (20/66), respectively. 3GC-R was not associated with the in-hospital mortality hazard 

rate (adjusted hazard ratio [aHR] 1.13, 95% confidence interval [CI] 0.51–2.53) or being discharged alive 

(aHR 0.99, 95% CI 0.65–1.50), whereas Charlson comorbidity index score (aHR 1.62, 95% CI 1.36–1.93) and 

Pitt bacteraemia score (aHR 3.57, 95% CI 1.31–9.71) were both associated with an increased hazard rate 

of in-hospital mortality. 3GC-R was associated with an increased length of stay of 2.6 days (95% CI 2.5–

2.8). 3GC-R was more common among hospital-associated infections, but genomics did not identify clonal 

transmission. 

Conclusion: Patients with Enterobacterales BSIs in Fiji had high mortality. There were high rates of 3GC-R, 

which was associated with increased hospital length of stay but not with in-hospital mortality. 

© 2022 The Authors. Published by Elsevier Ltd on behalf of International Society for Antimicrobial 

Chemotherapy. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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. Introduction 

Antimicrobial resistance (AMR) represents a serious threat to 

ublic health worldwide, as patients with AMR infections experi- 

nce higher crude mortality and increased length of hospital stay 

nd also incur greater healthcare costs compared to patients with 

usceptible infections [1] . Extended-spectrum beta-lactamases (ES- 

Ls), enzymes conferring resistance to most beta-lactam antibiotics 

ncluding third-generation cephalosporins (3GC), are of particular 

oncern given their increasing frequency globally [2] and their abil- 

ty to easily transmit between organisms via plasmids [3] . 

The greatest burden of infectious diseases (including AMR) falls 

isproportionately on low- and middle-income countries (LMICs). 

his is driven by factors relating to sanitation, reduced access to 

ealthcare, lower availability of diagnostic testing, and fewer regu- 

ations of antimicrobial use [4–6] . Despite a pressing need, there is 

resently little high-quality data on the burden of AMR from LMICs 

7] , including from the Pacific Islands region [8] . Precisely quanti- 

ying the effect of AMR in LMICs is important to allow appropriate 

nvestment in strategies to address AMR amongst numerous com- 

eting budget priorities. 

To assist global effort s to monitor the burden of AMR, especially 

ithin LMICs, the World Health Organization (WHO) recently es- 

ablished standardised methodology for assessing the attributable 

ortality of AMR bloodstream infections (BSIs) [9] . BSIs were cho- 

en as they are the most life-threatening infections, are unam- 

iguously clinically significant, and have been shown to be re- 

ponsible for the majority of the burden of AMR [10] . The WHO 

ocument focuses only on methicillin-resistant Staphylococcus au- 

eus and ESBL-producing Escherichia coli but anticipates researchers 

ay also incorporate other AMR pathogens relevant to their local 

ontext. 

We report on our adaptation of this WHO methodology in Fiji, 

 tropical middle-income country in the Pacific Islands region, to 

ssess the attributable mortality of 3GC resistant (3GC-R) Enter- 

bacterales BSIs at a tertiary hospital. We have also calculated the 

xcess length of hospital stay attributable to AMR, as another key 

arker of the burden posed by resistant infections. 

. Methods 

.1. Study design 

We conducted a prospective cohort study of consecutive En- 

erobacterales BSIs among inpatients at the Colonial War Memo- 

ial Hospital (CWMH) in Suva, over eight months from July 2020 

hrough February 2021. The primary exposure of interest was 3GC- 

, and the primary outcomes were in-hospital mortality and length 

f hospital stay. As dying in hospital and being discharged alive are 

ompeting outcomes, we modelled the effect of 3GC-R on both. 

.2. Setting 

CWMH is a 500-bed tertiary hospital and the largest health- 

are facility in Fiji. It serves a local catchment population of al- 

ost 400 000 people and is the national referral centre for Fiji’s 

ther two divisional hospitals. It has adult, paediatric, and neona- 

al intensive care units (ICUs) and offers specialty services includ- 

ng cardiology, nephrology, orthopaedics, plastic surgery, urology, 

nd neurosurgery. 

.3. Population 

Patients with an Enterobacterales BSI were eligible if they were 

dmitted to CWMH at the time of or up to 48 hours after collec- 

ion of their index blood culture. Patients were to be excluded if 
287 
hey were not being treated with curative intent for the entire cal- 

ndar day on which the index blood culture was collected. Patients 

ould be included in the study multiple times if they met inclusion 

riteria during separate admissions. 

.4. Patient identification 

We identified potential patients by screening new positive 

lood culture results each day. Ward-based data collectors then de- 

ermined whether patients with Enterobacterales BSI were eligible. 

he medical records of eligible patients were reviewed as soon as 

racticable. 

.5. Data collection 

Study data were collected and managed using REDCap elec- 

ronic data capture tools hosted at Monash University, Australia 

11] . Data collection occurred at two time-points: on inclusion 

nd after discharge. Clinical and antibiotic data were collected 

t the initial chart review. We used WHO definitions [9] unless 

pecified otherwise below and outlined in greater detail in the 

upplementary Table S1. Clinical data included patient age, sex, 

dmission date, admission source, admission diagnosis, admitting 

pecialty, age-adjusted Charlson comorbidity index score, Pitt 

acteraemia score and high-risk quick Sequential Organ Failure 

ssessment (qSOFA) score at bacteraemia onset, and whether 

he patient had any immunosuppression, ICU admission, surgical 

rocedure, or antibiotic exposure preceding their bacteraemia. 

e augmented the WHO GLASS protocol to also collect the likely 

natomical source of infection and the epidemiological attribution 

f their bacteraemia, categorised as hospital acquired, community 

cquired, or healthcare associated [12] . 

We recorded all antibiotics received from day 0 to 2 inclusive 

‘initial antibiotic therapy’; day 0 = day of index positive blood 

ulture) and the antibiotic susceptibility testing (AST) results as 

eported by the Suva lab. We determined whether patients had 

eceived ‘active’ initial antibiotic therapy. ‘Active’ therapy was de- 

ned as receiving at least one antimicrobial to which the organism 

as susceptible according to confirmatory AST. Inactive therapy 

as defined as receipt of antimicrobials that tested nonsusceptible 

r would be expected to not have activity against Enterobacterales 

e.g., cloxacillin or vancomycin). A patient’s therapy status was 

ecorded as ‘unknown’ if AST data were missing for at least one 

otentially effective antimicrobial they received. Ceftriaxone was 

eemed to be ineffective against both Enterobacter spp. and Kleb- 

iella aerogenes , regardless of phenotypic susceptibility, because of 

heir propensity to express chromosomal AmpC [13] . 

Data on patients’ discharge date and status were collected ret- 

ospectively after they had either been discharged or died. Patients’ 

linical management was entirely at the discretion of their CWMH 

linicians, with no input from the research team. 

.6. Laboratory testing 

Initial culture, identification, and AST of bacterial isolates were 

erformed by the CWMH laboratory as per their standard proce- 

ures. Blood cultures were incubated using the BACT/ALERT system 

bioMérieux, Marcy-Étoile, France). Positive cultures with Gram- 

egative organisms were plated onto 5% sheep blood agar, choco- 

ate agar, and MacConkey agar. Identification and AST (including 

ssessment of ESBL production) was performed using the VITEK- 

 GP ID and VITEK-2 AST cards (bioMérieux, Marcy-Étoile, France; 

ersion 9.01), respectively. In the rare instance when VITEK was 

navailable, the Microbact Gram-negative system (Oxoid) was used 

or identification, disc diffusion was used for AST, and cefotaxime 

nd ceftazidime discs with clavulanate were used to assess for 
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SBL production. Clinical and Laboratory Standards Institute (CLSI) 

reakpoints were used [13] . 

Where possible, the index isolate from each patient was 

ubcultured, stored at −80 °C, and shipped to Melbourne, Aus- 

ralia for confirmatory identification using MALDI-TOF MS (Bruker, 

anau, Germany) and confirmatory AST using VITEK-2 AST cards 

bioMérieux, version 8.01). Repeat testing was performed on any 

solates with discrepant results, and if a difference remained, the 

elbourne result was used. 

Isolates were classified as 3GC-R if there was evidence of ei- 

her ESBL production or nonsusceptibility to at least one third- 

eneration (ceftriaxone, ceftazidime) or fourth-generation (ce- 

epime) cephalosporin. As mentioned above, all Enterobacter spp. 

nd K. aerogenes isolates were deemed 3GC-R regardless of re- 

orted phenotype. The remaining isolates were classified as 3GC 

usceptible (3GC-S). 

.7. Genomic analyses 

We performed whole genome sequencing (WGS) on a represen- 

ative subset of bacterial isolates, stratified by bacterial species and 

onth of isolation. All bacterial isolates were routinely grown on 

eart Infusion agar (Oxoid) for 16 h at 37 °C, inoculated into 3 mL 

eart Infusion broth (Oxoid), and grown for a further 16 h at 37 °C 

ith orbital shaking at 150 rpm. Genomic DNA was extracted from 

00 μL of liquid bacterial culture using the GenFind V3 Reagent 

it (Beckman Coulter) as per manufacturer’s instructions. Libraries 

ere prepared using the Nextera Flex DNA Library Prep Kit (Illu- 

ina), and 150 bp paired-end sequencing was performed on the 

ovaSeq 60 0 0 system (Illumina). Genomes were assembled us- 

ng Unicycler (v.0.4.9) [14] . Multi-locus sequence types (STs) were 

dentified using mlst ( https://github.com/tseemann/mlst ). 

For the genomes of the most prevalent ST, we determined re- 

atedness by calculating pairwise single nucleotide variation (SNV) 

istances between all isolates. Genomes were assembled using 

KESA v.2.3 [15] using default parameters. Each pair of genome as- 

emblies was compared using Catpac ( https://github.com/rrwick/ 

atpac ) to determine the number of SNVs between pairs. Pairs 

ith ≤5 SNVs per mbp between them were considered likely can- 

idates for strain transmission, as defined by Gorrie et al. [16] . 

.8. Statistical analysis 

Our sample size estimate was based on an expected in-hospital 

ortality rate of 45% among patients with 3GC-R Enterobacterales 

SIs, and 20% among those with susceptible infections. In the ab- 

ence of known mortality rates from Fiji, we used published mor- 

ality rates for 3GC-S and 3GC-R Enterobacterales BSIs from an- 

ther tropical LMIC [17] . Assuming an alpha value of .05 and 80% 

ower, we required 52 patients in each group to test the hypothe- 

is that mortality is higher among 3GC-R BSIs than among suscep- 

ible ones. 

We used Cox proportional hazards models to quantify the ef- 

ect of antimicrobial resistance on mortality. To account for the 

act that in-hospital mortality and being discharged alive are com- 

eting events, we performed cause-specific Cox proportional haz- 

rds models for both of these outcomes [ 9 , 18 ]. Infections, rather

han patients, were used as the unit of analysis. In addition to 3GC 

usceptibility status, multivariable models included three variables 

elected using a directed acyclic graph created with DAGitty [19] : 

harlson comorbidity index score, Pitt bacteraemia score, and re- 

ent hospitalisation (within 90 days) (Supplementary Fig. S1). Pitt 

acteraemia score was included as a categorical variable (scores of 

–1, 2–3, and ≥4) [20] . All models used BSI onset as time zero and

ere adjusted for time from admission to infection. We checked 

he proportional hazards assumption using Schoenfeld residuals 
288 
nd visual inspection of log-log plots. Nonproportional hazards 

ere corrected using stratification. To assess the effect of initial 

reatment on mortality, we created another set of Cox proportional 

azards models but with receipt of active initial therapy as the ex- 

osure of interest. 

We estimated the excess length of stay attributable to 3GC- 

 using a multistate model with four states (admission, resistant, 

usceptible, and discharged/died) [21] . The expected length of stay 

as estimated for each day in the resistant and susceptible states 

sing Aalen-Johansen estimators for transition probabilities. Differ- 

nce in the length of stay was calculated between those with 3GC- 

 infections and those with 3GC-S infections, and then a weighted 

verage was estimated using the observed distribution of time to 

nfection. Standard errors and 95% confidence intervals were de- 

ived by bootstrapping. In parallel, we also estimated the effect 

f 3GC-R on length of stay using Cox proportional hazards regres- 

ion as above, but in this case with a composite all-cause end-of- 

tay endpoint (either death or discharge alive). This could be inter- 

reted as an indication of the daily hazard of a patient’s admission 

nding. 

. Results 

.1. Patient characteristics 

We included 159 patients with 162 BSI episodes; three patients 

et inclusion criteria on two separate CWMH admissions. 3GC-R 

rganisms were responsible for 66 BSIs (40.7%). Median patient 

ge was 55 years. We included 20 children (age < 18 years) and 

0 neonates (age < 28 days) ( Table 1 ). The prevalence of diabetes

mong adults was 62/142 (43.7%). No paediatric patients had dia- 

etes. 

Paediatric cases had a slightly lower proportion of community- 

cquired infections (11/20, 55.0%) and 3GC-R infections (8/20, 

0.0%) while also experiencing lower crude in-patient mortality 

2/20, 10.0%) when compared with adults. A full comparison of the 

aediatric and adult cohorts can be found in Supplementary Table 

2. 

.2. Mortality 

All-cause in-hospital mortality was higher among patients with 

GC-R infections (20/66, 30.3%) compared to those with 3GC-S in- 

ections (16/96, 16.7%). While the univariable cause-specific Cox 

odel was consistent with 3GC-R being associated with an ele- 

ated hazard of in-hospital mortality, there was substantial uncer- 

ainty (aHR 1.67, 95% confidence interval [CI] 0.80–3.49). After ad- 

usting for confounders, the magnitude of this effect diminished 

ubstantially (aHR 1.13, 95% CI 0.51–2.53). 3GC-R was not associ- 

ted with a large change in the hazard of discharge alive, on either 

nivariable or multivariable models ( Table 2 ). 

In the multivariable models, higher Charlson comorbidity in- 

ex score, higher Pitt bacteraemia score, and recent hospitalisa- 

ion were all associated with an increased hazard (daily risk) of 

n-hospital mortality, and higher Pitt bacteraemia score with a re- 

uced hazard of discharge alive ( Table 2 ). 

.3. Excess length of stay 

In the multistate model, 3GC-R was associated with an excess 

ength of hospital stay of 2.6 days (95% CI 2.5–2.8). The proportion 

f patients occupying each state, according to their day of hospital 

dmission, is presented in Fig. 1 . 

However, in the composite Cox proportional hazards models 

assessing the combined endpoint of either in-hospital mortality or 

https://github.com/tseemann/mlst
https://github.com/rrwick/Catpac
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Table 1 

Characteristics of patient cohort 

Overall (n = 162) 3GC-S (n = 96) 3GC-R (n = 66) 

Demographics 

Male, n (%) 71 (43.8%) 39 (40.6%) 32 (48.5%) 

Median age (IQR) 55.4 (38.1, 67.7) 54.3 (36.1, 65.8) 56.1 (40.3, 70.0) 

Paediatric ( < 18 y), n (%) 20 (12.3%) 12 (12.5%) 8 (12.1%) 

Source of admission (n = 161), n (%) 

Home 114 (70.8%) 67 (70.5%) 47 (71.2%) 

Transfer from another facility 39 (24.2%) 24 (25.3%) 15 (22.7%) 

Birth 8 (5.0%) 4 (4.2%) 4 (6.1%) 

Ward (when index BC collected), n (%) 

Emergency department 78 (48.1%) 57 (59.4%) 21 (31.8%) 

Medical or surgical ward 29 (17.9%) 7 (7.3%) 22 (33.3%) 

Inpatient at another facility 21 (13.0%) 14 (14.6%) 7 (10.6%) 

Intensive care unit a 16 (9.8%) 3 (3.1%) 13 (19.7%) 

Maternity ward 10 (6.2%) 10 (10.4%) 0 (0.0%) 

Paediatric ward 5 (3.1%) 3 (3.1%) 2 (3.0%) 

Other ward 3 (1.9%) 2 (2.1%) 1 (1.5%) 

Acquisition of BSI (n = 161) 

Community acquired 107 (66.5%) 79 (83.2%) 28 (42.4%) 

Hospital acquired 39 (24.2%) 9 (9.5%) 30 (45.5%) 

Healthcare-associated community onset 15 (9.3%) 7 (7.4%) 8 (12.1%) 

Healthcare exposures 

Antibiotics in 30 days prior (n = 157), n (%) 58 (36.9%) 26 (28.0%) 32 (50.0%) 

Hospitalised in 90 days prior, n (%) 36 (22.2%) 17 (17.7%) 19 (28.8%) 

Surgery since admission (n = 160), n (%) 17 (10.6%) 5 (5.3%) 12 (18.5%) 

Immunosuppressed (n = 159), n (%) 18 (11.3%) 6 (6.5%) 12 (18.2%) 

ICU stay prior to BSI (n = 161), n (%) 15 (9.3%) 1 (1.0%) 14 (21.2%) 

Median LoS prior to BSI (IQR) 0 (0, 2) 0 (0, 0) 0 (0, 8) 

Clinical risk scores 

Median age-adjusted Charlson Comorbidity Index score (IQR) 2 (0, 4) 2 (0, 3) 2 (1, 5) 

Median Pitt bacteraemia score (IQR) 1 (0, 2) 1 (0, 2) 1 (1, 4) 

High-risk qSOFA score (n = 156), n (%) 36 (23.1%) 16 (17.0%) 20 (32.3%) 

Microbiology 

Organism grown 

E. coli 85 (52.5%) 56 (58.3%) 29 (43.9%) 

K. pneumoniae 48 (29.6%) 25 (26.0%) 23 (34.8%) 

Other Enterobacterales b 29 (17.9%) 15 (15.6%) 14 (21.2%) 

Presumed source of infection 

Primary 98 (60.5%) 64 (66.7%) 34 (51.5%) 

Central line associated 7 (4.3%) 0 (0.0%) 7 (10.6%) 

Secondary 57 (35.2%) 32 (33.3%) 25 (37.9%) 

Anatomic origin of infection (for secondary infections only) 

Urinary tract infection 27 (47%) 15 (47%) 12 (48%) 

Skin and soft tissue infection 12 (21%) 8 (25%) 4 (16%) 

Other 18 (31%) 9 (28%) 9 (36%) 

Active empiric antibiotics 

Yes 92 (56.8%) 79 (82.3%) 13 (19.7%) 

No 61 (37.7%) 14 (14.6%) 47 (71.2%) 

Unknown 9 (5.6%) 3 (3.1%) 6 (9.1%) 

Outcomes 

Died, n (%) 36 (22.2%) 16 (16.7%) 20 (30.3%) 

Median overall LoS (IQR) 10 (6, 17) 8 (5.5, 13) 13 (8, 22) 

Median LoS following BSI (IQR) 9 (5, 16) 8 (5.5, 13) 11 (5, 17) 

Among survivors (n = 126); 10 (7, 16) 9 (6, 11.5) 13 (8, 17) 

Among those who died (n = 36) 4 (1, 12.5) 5 (1, 12.5) 4 (1.5, 12.5) 

BC, blood culture; BSI, bloodstream infection; ICU, intensive care unit; IQR, interquartile range; LoS, length of stay; qSOFA, quick Sequen- 

tial Organ Failure Assessment. 
a The ward ‘intensive care unit’ includes patients from any of the adult, paediatric, or neonatal ICUs. 
b These 29 ‘Other’ Enterobacterales consisted of: 8 Proteus mirabilis ; 6 Enterobacter cloacae , 4 Citrobacter koseri , 3 Serratia marcescens , 2 

Morganella morganii , 2 Klebsiella aerogenes , 1 Enterobacter agglomerans , 1 Enterobacter bugandensis , 1 Klebsiella variicola , and 1 Providencia 

rettgeri. 

d

a

0

3

d

a

i

a

T

t

a

t

l

o

1

T

t

i

ischarge alive), 3GC-R was not associated with the daily risk (haz- 

rd) of end of admission in either the univariable (HR 0.89, 95% CI 

.63–1.27) or multivariable (aHR 0.90, 95% CI 0.63–1.30) models. 

.4. Bacterial identification and antimicrobial susceptibility testing 

Of the 162 episodes of Enterobacterales bacteraemia identified 

uring the study period, 127 (78.4%) had bacterial isolates frozen 

nd shipped to Australia for confirmatory testing. Confirmatory 

dentification using MALDI-TOF MS was performed in Australia on 

ll available isolates, and all were confirmed as Enterobacterales. 
289 
wo discrepancies were identified at the genus level and five at 

he species level (Supplementary Table S3). AST was confirmed on 

ll 127 isolates using VITEK-2 except one isolate (0.8%, M. morganii ) 

hat was incorrectly classified in Suva as 3GC-R instead of 3GC-S. 

In the overall cohort, 3GC-R was lower among E. coli iso- 

ates (34.1%, 29/85) compared to K. pneumoniae (47.9%, 23/48) or 

ther Enterobacterales (48.3%, 14/29) ( Table 1 ). AST results for the 

27 bacterial isolates with confirmatory testing are summarised in 

able 3 . Within this subset, all 45 3GC-R isolates remained suscep- 

ible to meropenem except for one, a Providencia rettgeri possess- 

ng a New Delhi metallo- β-lactamase (NDM-1). Among 3GC-R iso- 
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Table 2 

Effect of third generation cephalosporin resistance and patient factors on in-hospital mortality and dis- 

charge alive, using Cox proportional hazards models a 

In-hospital mortality Discharge alive 

Hazard ratio (95% CI) Hazard ratio (95% CI) 

Univariable model 

3GC resistance 1.67 (0.80–3.49) 0.75 (0.50–1.12) 

Multivariable model 

3GC resistance 1.13 (0.51–2.53) 0.99 (0.65–1.50) 

Age-adjusted Charlson comorbidity index score 1.62 (1.36–1.93) 0.93 (0.84–1.03) 

Pitt bacteraemia score 

0–1 Reference Reference 

2–3 3.57 (1.31–9.71) 0.91 (0.58–1.44) 

4 + 13.0 (5.21–32.6) 0.15 (0.06–0.37) 

Recent hospitalisation 2.34 (1.18–4.65) 0.97 (0.59–1.61) 

3GC, third-generation cephalosporin, CI, confidence interval. 
a Both models included adjustment for pre-BSI hospital length of stay (days). 

Table 3 

Antimicrobial susceptibility of isolates with confirmatory testing (n = 127) 

3GC resistant (n = 48) 3GC susceptible (n = 79) 

E. coli (n = 22) K. pneumoniae (n = 17) Other (n = 9) E. coli (n = 43) K. pneumoniae (n = 23) Other (n = 13) 

Ceftriaxone 0 (0%) 0 (0%) 0 (0%) a 43 (100%) 23 (100%) 13 (100%) 

Amoxycillin-clavulanate 5 (22.7%) 5 (29.4%) 0 (0%) 40 (93%) 23 (100%) 7 (53.8%) 

Ciprofloxacin 6 (27.3%) 5 (29.4%) 4 (44.4%) 42 (97.7%) 23 (100%) 13 (100%) 

Gentamicin 6 (27.3%) 5 (29.4%) 4 (44.4%) 41 (95.3%) 23 (100%) 10 (76.9%) 

Meropenem 22 (100%) 17 (100%) 8 (88.9%) 43 (100%) 23 (100%) 13 (100%) 

TMP-SMX 3 (13.6%) 7 (41.2%) 4 (44.4%) 29 (67.4%) 22 (95.7%) 11 (84.6%) 

TMP-SMX, trimethoprim-sulfamethoxazole. 
a Includes six isolates (three E. cloacae , two K. aerogenes , and one E. bugandensis ) that tested phenotypically susceptible to ceftriaxone but were reassigned 

as 3GC-R because of expression of chromosomal AmpC [13] . 
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ates, susceptibility was reduced against other antimicrobials—the 

ext most effective agents were ciprofloxacin and gentamicin (both 

5/48, 31.2%) and trimethoprim-sulfamethoxazole (14/48, 29.1%); 

owever, there was variability between species. All 3GC-S isolates 

ere susceptible to meropenem, and overall susceptibility rates 

 90% were also noted for ciprofloxacin (78/79, 98.7%) and gentam- 

cin (74/79, 93.7%). Including the 35 further isolates that only had 

ST performed in Suva—where a combination of VITEK and disc 

iffusion testing was used—did not significantly change the AST re- 

ults presented above or in Table 3 . 

.5. Antimicrobial treatment 

The most common agents prescribed as part of patients’ initial 

ntibiotic therapy—a time when culture and susceptibility results 

ypically remained unknown—were gentamicin (82/162 patients, 

0.6%), cloxacillin (76/162, 46.9%), ceftriaxone (68/162, 42.0%), and 

mpicillin (51/162, 31.5%). Just two patients received meropenem 

s part of their initial treatment. Patients with 3GC-R BSIs were 

ess likely to receive active initial therapy (13/66, 19.7%) compared 

o those with susceptible infections (79/96, 82.3%). Active initial 

herapy was associated with a significantly reduced hazard of 

n-hospital mortality on univariable analysis (aHR 0.49, 95% CI 

.24–0.99), but this was no longer significant after adjusting for 

itt bacteraemia score, Charlson comorbidity index score, and 

ecent hospitalisation on multivariable analysis (aHR 0.63, 95% CI 

.28–1.38) (Supplementary Table S4). 

.6. Molecular epidemiology 

A representative subset of 68 bacterial isolates underwent WGS. 

mong 29 E. coli isolates, we found 13 sequence types (STs) (Sup- 

lementary Table S5). Two sequence types, ST131 (n = 7) and ST69 

n = 5), made up more than 40% of the samples. All ST131 were

GC-R, and only one remained susceptible to ciprofloxacin. These 
290 
ere seen across a mixture of inpatient wards (n = 3), ICU (n = 1),

he emergency department (n = 2), and outpatients (n = 1). On 

airwise analysis of all ST131 isolates, no evidence of strain trans- 

ission was found. All observed ST69 E. coli isolates were 3GC-S 

nd were collected from patients who were either in the emer- 

ency department (n = 2) or were outpatients (n = 3). The most 

requently detected 3GC-R genes among E. coli were CTX-M-15 

n = 7), OXA-1 (n = 7), and CTX-M-27 (n = 4) (Supplementary 

able S6). Of the 32 K. pneumoniae isolates sequenced, we found a 

ariety of STs (n = 21), each of which consisted of three or fewer 

enomes, with no dominant ST observed. The most frequently de- 

ected 3GC-R genes among K. pneumoniae were CTX-M-15 (n = 14) 

nd OXA-1 (n = 5). 

. Discussion 

Our analysis of Enterobacterales bloodstream infections in 

iji demonstrated an unexpectedly high rate of third-generation 

ephalosporin resistance, as well as high all-cause mortality (re- 

ardless of resistance profile) of nearly 1 in 4 patients (22.2%). In 

his setting, we were unable to detect an association between 3GC- 

 and mortality after correcting for relevant factors, including pa- 

ient comorbidities, Pitt bacteraemia score, and length of stay prior 

o bacteraemia. On multistate modelling, 3GC-R infections were as- 

ociated with an increased length of hospital stay of 2.6 days; how- 

ver, this finding was not supported by Cox proportional hazards 

odelling. 

Over the study period, 40.7% of Enterobacterales BSIs at CWMH 

ere 3GC-R, approximately double the previous estimate of 12% 

o 25% among mixed sample types reported by Fiji to WHO in 

014 [22] . This difference could be partly explained by the later pe- 

iod of our study, with AMR rising globally among Gram-negative 

athogens over time [23] . Our reported prevalence of 3GC-R is far 

igher than recent estimates from other Pacific Island countries, 

ith rates between 4% and 16% reported in neighbouring Samoa, 
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Fig. 1. Stacked area charts of patients’ status relative to day of bloodstream infection onset, for 3GC resistant (A) and 3GC susceptible (B) bloodstream infections. Note: 

Vertical dashed line indicates date of BSI onset (day 0). Patients in hospital (light grey) to the left of the dashed line have not yet experienced BSI, whereas those to the 

right have. Figures have been restricted to Days -28 to 42 as only one patient changed status before that period (one 3GC-R patient admitted > 28 days prior to BSI) and 

seven patients changed status after that period (five from the 3GC-R group and two from the 3GC-S group). 

C

o

P  

3

(

S

t

8  

3

a

d

f

i

ook Islands, and Kiribati [24–26] . Fiji also has a high prevalence 

f 3GC-R compared to high-income countries (HICs) in the Asia- 

acific region, with just 13.4% ( E. coli ) and 8.6% ( K. pneumoniae )

GC-R reported among BSIs in Australia in 2020 [27] , and 12.6% 

all Enterobacterales) among hospitalised patients in the United 

tates in 2017 [28] . However, resistance remains far lower than 

hat seen in regional AMR ‘hot-spots’ such as India, where up to 
291 
0% ( E. coli ) or 90% ( K. pneumoniae ) of bloodstream isolates are

GC-R [29] . 

We observed an all-cause in-hospital mortality rate of 16.7% 

mong 3GC-S infections vs. 30.3% among 3GC-R infections, almost 

ouble the in-hospital mortality rates (10.1% vs. 16.1%) reported 

rom an equivalent multi-centre study in Europe [30] . Our find- 

ngs are more comparable to other estimates from LMICs, including 
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1%–34% vs. 37%–43% from a multi-centre African study [31] , and 

2% vs. 29% from Thailand [32] . While AMR remains important as 

 potential and growing contributor to health inequality between 

ICs and LMICs [4] , it is noteworthy that the mortality even for 

usceptible BSIs in LMICs remains worse than equivalent resistant 

nfections in HICs. While the high prevalence of AMR in Fiji may 

uggest a need to curb antimicrobial excess, the high mortality rate 

s a reminder of the enduring importance of antimicrobial access 

or those with severe infections . Efforts to reduce global health in- 

qualities in sepsis outcomes must also focus on non-AMR factors, 

uch as early recognition of at-risk patients, early source control 

hen relevant, early antibiotic therapy, and careful fluid therapy 

33] . 

Despite the difference in all-cause mortality between the two 

roups, we did not identify an association between AMR and the 

azard of in-hospital mortality after correcting for relevant con- 

ounders (aHR 1.13, 95% CI 0.51–2.53). We note a recent system- 

tic review by Shamsrizi et al. suggesting that ESBL-producing En- 

erobacterales BSIs have an increased risk of death (RR 1.70, 95% 

I 1.52–1.90); however, in contrast to our research the studies in- 

luded in this review were largely from HICs, and mostly provided 

nadjusted estimates [34] . Our findings are more consistent with 

he results of two recent studies from LMICs. A 2020 matched par- 

llel cohort study across six African hospitals, analysing more than 

500 E. coli and K. pneumoniae BSIs, found no relationship between 

GC-R and mortality when compared to 3GC-S infections [31] . A 

016 Thai study of more than 60 0 0 BSIs reported multi-drug resis- 

ance was associated with increased mortality only for E. coli , but 

ot K. pneumoniae ; however, this study made no adjustment for 

isease severity or comorbidities and so may represent an overes- 

imate [35] . 

There are several possible reasons contributing to the absence 

f an association between 3GC-R and mortality in our study. First, 

onsistent with many of the studies above, no true relationship 

ay exist once patient factors are corrected for. Second, a small 

rue mortality difference may exist that our study was unable to 

etect. Although we exceeded our target study size, we observed a 

ower mortality rate in the 3GC-R group than we had anticipated 

rom the literature (30%, vs. an expected 45%), and there is uncer- 

ainty around our point estimate. This lower-than-expected mor- 

ality rate from 3GC-R infections may be because of CWMH be- 

ng one of the few healthcare facilities in Fiji with a microbiology 

aboratory on-site, meaning that clinicians have relatively swift ac- 

ess to culture and susceptibility results. It is possible that if the 

tudy was conducted in nontertiary healthcare settings in Fiji—

here there may be longer delays in detecting AMR and initiating 

ffective antimicrobials—3CG-R would have had a larger effect on 

ortality. Finally, while AMR itself may not have been associated 

ith an increased mortality hazard (i.e., daily risk), by prolonging 

atients’ length of hospital stay it could increase their cumulative 

isk of dying in hospital. 

Our two models assessing the effect of 3GC-R on excess length 

f stay reached slightly different conclusions. The multistate model, 

roviding output in the more easily interpreted format of ‘excess 

ays’, found 3GC-R BSIs were associated with a significantly in- 

reased length of stay of 2.6 days (95% CI 2.5–2.8). In contrast, 

he Cox proportional hazards model estimates the effect of 3GC- 

 on the daily risk (hazard) of an all-cause end-of-stay endpoint 

either death or discharge alive). Using this method, we did not 

etect an association between 3GC-R and patients’ daily risk of 

nding their hospital stay (aHR 0.90, 95% CI 0.63–1.30). It is im- 

ortant to emphasise that while the multistate model provides a 

umulative estimate for excess length of stay, the Cox model is es- 

imating the daily effect (hazard) of 3GC-R on length of stay. This 

s one potential explanation for the discrepancy: that the study 

as not powered to detect a small change in daily hazard (Cox 
292 
odel) but could detect the larger overall effect of 3GC-R on ex- 

ess length of stay (multistate model). Second, while both models 

ccount for time-dependent bias, only the Cox model was adjusted 

or confounders. Although it is possible that the output from the 

ultistate model is biased because of confounding, previous stud- 

es have suggested that time-dependent bias is the most impor- 

ant factor in length-of-stay analysis [ 36 , 37 ]. Furthermore, to our 

nowledge there is only one study that has used an adjusted mul- 

istate model (using pseudo-value regression) to estimate the ef- 

ect of antimicrobial resistance on excess length of stay [30] . In 

hat case, the adjusted excess length of stay estimate was actually 

reater than the unadjusted estimate. 

There are a number of key strengths to this study. These 

nclude prospective data collection with detailed information 

ncluding severity of illness at bacteraemia (absent from many 

arge retrospective studies), correction for time-dependent bias 

hen assessing excess length of stay, confirmatory microbiological 

esting of most isolates, and the inclusion of all age groups. Addi- 

ionally, although the research was conducted during the COVID-19 

andemic, throughout the study period there was no community 

ransmission of SARS-CoV-2 in Fiji and very few restrictions be- 

ond the closure of the international border. Limitations of this 

tudy include it potentially being underpowered to detect a small 

rue difference in mortality, and reduced generalisability as a 

ingle-centre study from a tertiary centre. For pragmatic reasons, 

onsistent with the WHO GLASS protocol, only in-hospital mortal- 

ty was assessed; however, this may have missed an association 

etween AMR and increased mortality at later timepoints. Finally, 

e did not include an uninfected comparison group, so we cannot 

ssess the effect of BSI on mortality and hospital length of stay 

ompared to no infection. 

. Conclusion 

Our analysis of Enterobacterales BSIs at Fiji’s largest hospital 

emonstrated a high prevalence of 3GC-R and also a high overall 

ortality rate, regardless of susceptibility profile. 3GC-R infections 

ere associated with an increased length of hospital stay on multi- 

tate modelling, but we were unable to detect increased in-hospital 

ortality after correcting for relevant factors. Accurate estimates 

f the true burden of AMR are important, especially from LMICs, 

hich are under-represented in the literature. Such knowledge can 

nform policy decisions, guide allocation of limited resources, and 

ssist the evaluation of future interventions to address AMR. 

unding 

MJL, NM, AJS, and AYP are supported by Australian National 

ealth and Medical Research Council Postgraduate Scholarship 

 APP1169220 ), Emerging Leader 1 Fellowship ( APP1176324 ), Early 

areer Fellowship ( GNT1141398 ), and Practitioner Fellowship 

 APP1117940 ), respectively. The GRAM (Global Research on Antimi- 

robial Resistance) Project at Oxford University provided funding 

o support data collection in Suva. The GRAM project has been 

unded by the United Kingdom’s Department of Health and Social 

are, Fleming Fund, the Wellcome Trust (209142/Z/17/Z), and the 

ill and Melinda Gates Foundation ( OPP1176062 ). 

ompeting interests 

None declared. 

thics approval 

Ethics approval was provided by the Alfred Hospital Ethics 

ommittee (593/19) and the Fiji National Health Research Ethics 

https://doi.org/10.13039/501100000925


M.J. Loftus, T.E.M.W. Young-Sharma, S.J. Lee et al. Journal of Global Antimicrobial Resistance 30 (2022) 286–293 

R

o

S

f

R

 

 

 

[

 

[

[

[

[

[

[

[

[  

[  

[

[

[

[

[

[  

[

[

[

eview Committee (88/2019). Both committees granted a waiver 

f patient consent. 

upplementary materials 

Supplementary material associated with this article can be 

ound, in the online version, at doi: 10.1016/j.jgar.2022.06.016 . 

eferences 

[1] Hay SI, Rao PC, Dolecek C, Day NPJ, Stergachis A, Lopez AD, et al. Measur-

ing and mapping the global burden of antimicrobial resistance. BMC medicine 
2018;16(1):78. doi: 10.1186/s12916-018-1073-z . 

[2] Bezabih YM, Sabiiti W, Alamneh E, Bezabih A, Peterson GM, Bezabhe WM, 
et al. The global prevalence and trend of human intestinal carriage of 

ESBL-producing Escherichia coli in the community. J Antimicrob Chemother 

2021;76(1):22–9. doi: 10.1093/jac/dkaa399 . 
[3] Carattoli A. Plasmids and the spread of resistance. Int J Med Microbiol 

2013;303(6-7):298–304. doi: 10.1016/j.ijmm.2013.02.001 . 
[4] Pokharel S, Raut S, Adhikari B. Tackling antimicrobial resistance in low-income 

and middle-income countries. BMJ global health 2019;4(6):e002104. doi: 10. 
1136/bmjgh- 2019- 002104 . 

[5] Klein EY, Tseng KK, Pant S, Laxminarayan R. Tracking global trends in the ef- 

fectiveness of antibiotic therapy using the Drug Resistance Index. BMJ global 
health 2019;4(2):e001315. doi: 10.1136/bmjgh- 2018- 001315 . 

[6] Wilson ML, Fleming KA, Kuti MA, Looi LM, Lago N, Ru K. Access to pathol-
ogy and laboratory medicine services: a crucial gap. Lancet (London, England) 

2018;391(10133):1927–38. doi: 10.1016/s0140- 6736(18)30458- 6 . 
[7] Pezzani MD, Tornimbene B, Pessoa-Silva C, de Kraker M, Rizzardo S, 

Salerno ND, et al. Methodological quality of studies evaluating the burden of 
drug-resistant infections in humans due to the WHO Global Antimicrobial Re- 

sistance Surveillance System target bacteria. Clinical microbiology and infec- 

tion : the official publication of the European Society of Clinical Microbiology 
and Infectious Diseases 2021;27(5):687–96. doi: 10.1016/j.cmi.2021.01.004 . 

[8] Loftus M, Stewardson A, Naidu R, Coghlan B, Jenney A, Kepas J, et al. An-
timicrobial resistance in the Pacific Island countries and territories. BMJ global 

health 2020;5(4). doi: 10.1136/bmjgh- 2020- 002418 . 
[9] World Health Organization GLASS method for estimating attributable mortality 

of antimicrobial resistant bloodstream infections. Geneva: World Health Orga- 

nization; 2020 . 
[10] Cassini A, Högberg LD, Plachouras D, Quattrocchi A, Hoxha A, Simonsen GS, 

et al. Attributable deaths and disability-adjusted life-years caused by infections 
with antibiotic-resistant bacteria in the EU and the European Economic Area 

in 2015: a population-level modelling analysis. The Lancet Infectious diseases 
2019;19(1):56–66. doi: 10.1016/s1473- 3099(18)30605- 4 . 

[11] Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research elec- 

tronic data capture (REDCap)–a metadata-driven methodology and workflow 

process for providing translational research informatics support. Journal of 

biomedical informatics 2009;42(2):377–81. doi: 10.1016/j.jbi.2008.08.010 . 
12] Friedman ND, Kaye KS, Stout JE, McGarry SA, Trivette SL, Briggs JP, et al. 

Health care–associated bloodstream infections in adults: a reason to change 
the accepted definition of community-acquired infections. Ann Intern Med 

2002;137(10):791–7. doi: 10.7326/0 0 03- 4819- 137- 10- 200211190-00007 . 

[13] CLSI Performance Standards for Antimicrobial Susceptibility Testing. 31st ed. 
CLSI supplement M100.: Clinical and Laboratory Standards Institute; 2021. DOI . 

[14] Wick RR, Judd LM, Gorrie CL, Holt KE. Unicycler: Resolving bacterial 
genome assemblies from short and long sequencing reads. PLoS Comput Biol 

2017;13(6):e1005595. doi: 10.1371/journal.pcbi.1005595 . 
[15] Souvorov A, Agarwala R, Lipman DJ. SKESA: strategic k-mer exten- 

sion for scrupulous assemblies. Genome Biol 2018;19(1):153. doi: 10.1186/ 

s13059- 018- 1540- z . 
[16] Gorrie CL, Mirceta M, Wick RR, Edwards DJ, Thomson NR, Strugnell RA, et al. 

Gastrointestinal Carriage Is a Major Reservoir of Klebsiella pneumoniae In- 
fection in Intensive Care Patients. Clinical infectious diseases : an official 

publication of the Infectious Diseases Society of America 2017;65(2):208–15. 
doi: 10.1093/cid/cix270 . 

[17] Ndir A, Diop A, Ka R, Faye PM, Dia-Badiane NM, Ndoye B, et al. Infections

caused by extended-spectrum beta-lactamases producing Enterobacteriaceae: 
clinical and economic impact in patients hospitalized in 2 teaching hospi- 

tals in Dakar, Senegal. Antimicrobial resistance and infection control 2016;5:13. 
doi: 10.1186/s13756- 016- 0114- 7 . 
293
[18] Wolkewitz M, Cooper BS, Bonten MJ, Barnett AG, Schumacher M. Inter- 
preting and comparing risks in the presence of competing events. Bmj 

2014;349:g5060. doi: 10.1136/bmj.g5060 . 
[19] Textor J, van der Zander B, Gilthorpe MS, Liskiewicz M, Ellison GT. Robust 

causal inference using directed acyclic graphs: the R package ’dagitty’. Int J 
Epidemiol 2016;45(6):1887–94. doi: 10.1093/ije/dyw341 . 

20] Al-Hasan MN, Lahr BD, Eckel-Passow JE, Baddour LM. Predictive scoring model 
of mortality in Gram-negative bloodstream infection. Clinical microbiology and 

infection : the official publication of the European Society of Clinical Mi- 

crobiology and Infectious Diseases 2013;19(10):948–54. doi: 10.1111/1469-0691. 
12085 . 

21] Allignol A, Schumacher M, Beyersmann J. Estimating summary functional in 
multistate models with an application to hospital infection data. Computa- 

tional Statistics 2010;26:181–97. doi: 10.10 07/s0 0180-010- 0200- x . 
22] World Health Organization Antimicrobial resistance: global report on surveil- 

lance. Geneva: World Health Organization; 2014 . 

23] Castanheira M, Simner PJ, Bradford PA. Extended-spectrum β-lactamases: an 
update on their characteristics, epidemiology and detection. JAC Antimicrob 

Resist 2021;3(3):dlab092. doi: 10.1093/jacamr/dlab092 . 
24] Samoa Ministry of Health, Everts R Antibiotic Guidelines Samoa 2016: Guide- 

lines for Empiric and Targeted Antibiotic Treatment, Prophylaxis, Dosing and 
Allergies. Apia: Ministry of Health; 2016 . 

25] Cook Islands Ministry of Health. Antibiotic Guidelines Cook Islands. Guidelines 

for Empiric and Targeted Antibiotic Treatment, Prophylaxis, Dosing and Aller- 
gies. Rarotonga: Cook Islands Ministry of Health; 2018. p. 2018 . 

26] Kiribati Ministry of Health and Medical Services, Everts R Antibiotic Guide- 
lines Kiribati 2017: Guidelines for Empiric and Targeted Antibiotic Treatment, 

Prophylaxis, Dosing and Allergies. Tarawa: Ministry of Health and Medical Ser- 
vices; 2017 . 

27] Coombs G, Bell JM, Daley D, Collignon P, Cooley L, Gottlieb T, et al. Australian

Group on Antimicrobial Resistance Sepsis Outcomes Programs: 2020 Report. 
Sydney: ACSQHC; 2021 . 

28] Gupta V, Ye G, Olesky M, Lawrence K, Murray J, Yu K. National prevalence es-
timates for resistant Enterobacteriaceae and Acinetobacter species in hospital- 

ized patients in the United States. Int J Infect Dis 2019;85:203–11. doi: 10.1016/ 
j.ijid.2019.06.017 . 

29] National Antimicrobial Resistance Surveillance Network (NARS-Net India). An- 

nual Report; 2021. [Available from: https://ncdc.gov.in/showfile.php?lid=811 4 
February 2022 . 

30] Stewardson AJ, Allignol A, Beyersmann J, Graves N, Schumacher M, Meyer R, 
et al. The health and economic burden of bloodstream infections caused by 

antimicrobial-susceptible and non-susceptible Enterobacteriaceae and Staphy- 
lococcus aureus in European hospitals, 2010 and 2011: a multicentre ret- 

rospective cohort study. Euro surveillance : bulletin Europeen sur les mal- 

adies transmissibles = European communicable disease bulletin 2016;21(33). 
doi: 10.2807/1560-7917.Es.2016.21.33.30319 . 

31] Dramowski A, Ong’ayo G, Rehman AM, Whitelaw A, Labi AK, Obeng- 
Nkrumah N, et al. Mortality attributable to third-generation cephalosporin re- 

sistance in Gram-negative bloodstream infections in African hospitals: a multi- 
site retrospective study. JAC Antimicrob Resist 2021;3(1):dlaa130. doi: 10.1093/ 

jacamr/dlaa130 . 
32] Anunnatsiri S, Towiwat P, Chaimanee P. Risk factors and clinical outcomes 

of extended spectrum beta-lactamase (ESBL)-producing Escherichia coli sep- 

ticemia at Srinagarind University Hospital, Thailand. Southeast Asian J Trop 
Med Public Health. 2012;43(5):1169–77 . 

33] Kwizera A, Baelani I, Mer M, Kissoon N, Schultz MJ, Patterson AJ, et al. 
The long sepsis journey in low- and middle-income countries begins 

with a first step..but on which road? Crit Care 2018;22(1):64. doi: 10.1186/ 
s13054- 018- 1987- z . 

34] Shamsrizi P, Gladstone BP, Carrara E, Luise D, Cona A, Bovo C, et al. Vari-

ation of effect estimates in the analysis of mortality and length of hospi- 
tal stay in patients with infections caused by bacteria-producing extended- 

spectrum beta-lactamases: a systematic review and meta-analysis. BMJ open 
2020;10(1):e030266. doi: 10.1136/bmjopen- 2019- 030266 . 

35] Lim C, Takahashi E, Hongsuwan M, Wuthiekanun V, Thamlikitkul V, Hinjoy S, 
et al. Epidemiology and burden of multidrug-resistant bacterial infection in a 

developing country. eLife 2016;5. doi: 10.7554/eLife.18082 . 

36] Wolkewitz M, Schumacher M, Rücker G, Harbarth S, Beyersmann J. Estimands 
to quantify prolonged hospital stay associated with nosocomial infections. BMC 

Med Res Methodol 2019;19(1):111. doi: 10.1186/s12874- 019- 0752- 6 . 
37] Beyersmann J, Kneib T, Schumacher M, Gastmeier P. Nosocomial infection, 

length of stay, and time-dependent bias. Infection control and hospital epi- 
demiology 2009;30(3):273–6. doi: 10.1086/596020 . 

https://doi.org/10.1016/j.jgar.2022.06.016
https://doi.org/10.1186/s12916-018-1073-z
https://doi.org/10.1093/jac/dkaa399
https://doi.org/10.1016/j.ijmm.2013.02.001
https://doi.org/10.1136/bmjgh-2019-002104
https://doi.org/10.1136/bmjgh-2018-001315
https://doi.org/10.1016/s0140-6736(18)30458-6
https://doi.org/10.1016/j.cmi.2021.01.004
https://doi.org/10.1136/bmjgh-2020-002418
http://refhub.elsevier.com/S2213-7165(22)00151-5/sbref0009
https://doi.org/10.1016/s1473-3099(18)30605-4
https://doi.org/10.1016/j.jbi.2008.08.010
https://doi.org/10.7326/0003-4819-137-10-200211190-00007
http://refhub.elsevier.com/S2213-7165(22)00151-5/sbref0013
https://doi.org/10.1371/journal.pcbi.1005595
https://doi.org/10.1186/s13059-018-1540-z
https://doi.org/10.1093/cid/cix270
https://doi.org/10.1186/s13756-016-0114-7
https://doi.org/10.1136/bmj.g5060
https://doi.org/10.1093/ije/dyw341
https://doi.org/10.1111/1469-0691.12085
https://doi.org/10.1007/s00180-010-0200-x
http://refhub.elsevier.com/S2213-7165(22)00151-5/sbref0022
https://doi.org/10.1093/jacamr/dlab092
http://refhub.elsevier.com/S2213-7165(22)00151-5/sbref0024
http://refhub.elsevier.com/S2213-7165(22)00151-5/sbref0025
http://refhub.elsevier.com/S2213-7165(22)00151-5/sbref0026
http://refhub.elsevier.com/S2213-7165(22)00151-5/sbref0027
https://doi.org/10.1016/j.ijid.2019.06.017
https://ncdc.gov.in/showfile.php?lid=811
https://doi.org/10.2807/1560-7917.Es.2016.21.33.30319
https://doi.org/10.1093/jacamr/dlaa130
http://refhub.elsevier.com/S2213-7165(22)00151-5/sbref0032
https://doi.org/10.1186/s13054-018-1987-z
https://doi.org/10.1136/bmjopen-2019-030266
https://doi.org/10.7554/eLife.18082
https://doi.org/10.1186/s12874-019-0752-6
https://doi.org/10.1086/596020

	Attributable mortality and excess length of stay associated with third-generation cephalosporin-resistant Enterobacterales bloodstream infections: a prospective cohort study in Suva, Fiji
	1 Introduction
	2 Methods
	2.1 Study design
	2.2 Setting
	2.3 Population
	2.4 Patient identification
	2.5 Data collection
	2.6 Laboratory testing
	2.7 Genomic analyses
	2.8 Statistical analysis

	3 Results
	3.1 Patient characteristics
	3.2 Mortality
	3.3 Excess length of stay
	3.4 Bacterial identification and antimicrobial susceptibility testing
	3.5 Antimicrobial treatment
	3.6 Molecular epidemiology

	4 Discussion
	5 Conclusion
	Funding
	Competing interests
	Ethics approval
	Supplementary materials
	References


