Supplementary Material
Quality Assessment Checklists
For the quantification of a quality score, one point was given for each * achieved in the below checklists, the total points awarded to a given manuscript was divided by the total number of points available for that checklist. For example, if a study achieved 7 checklist points for the Newcastle-Ottawa Quality Assessment Scales for case control studies [1] out of the available 8, it’s quality assessment score would be 0.88 (7/8).
i) Case control & Cohort studies
For case control and cohort studies the Newcastle-Ottawa Quality Assessment Scale was applied [1]. Assumptions that were made regarding the application of the scale to this review are within the Tables 1 and 2. 
Table 1: Quality Assessment Checklist for Case control Studies
	Domain
	Checklist Criteria
	Additional Information

	Selection
	1) Is the case definition adequate? 
a) yes, with independent validation *
b) yes, eg record linkage or based on self reports 
c) no description
	

	
	2) Representativeness of the cases
a) consecutive or obviously representative series of cases *
b) potential for selection biases or not stated
	Assumption: Given the nature of the review, studies received a star if they discuss representation (and reasons for their study being representative) or if they are multicentre/regional/national.

	
	3) Selection of Controls
a) community controls *
b) hospital controls
c) no description
	Assumption: It was assumed that if the study was in a hospital setting in which cases were hospital patients, hospital controls were accepted.

	
	4) Definition of Controls
a) no history of disease (endpoint) *
b) no description of source
	Assumption: History of disease/infection was used in this criteria even in studies looking at mortality or other burden outcomes [2]

	Comparability
	1) Comparability of cases and controls on the basis of the design or analysis 
a) study controls for age/sex/comorbidities *
b) study controls for any additional factor *
	2 * maximum allotted for this criteria.
Assumption: For studies in which hospital associated cases and LoS were being analysed, two stars were only given if time dependency was controlled for.

	Exposure
	1) Ascertainment of exposure
a) secure record (eg surgical records) *
b) structured interview where blind to case/control status *
c) interview not blinded to case/control status
d) written self report or medical record only
e) no description
	Assumption: Studies which utilised lab techniques were used to ascertain exposure received one star. 


	
	2) Same method of ascertainment for cases and controls
a) yes *
b) no
3) Non-Response rate
a) same rate for both groups *
b) non respondents described
c) rate different and no designation
	3) Assumption: No description of data cleaning or linkage and loss to missing data for retrospective studies was panelised by not awarding a star.



Table 2 Quality Assessment Checklist for Cohort Studies
	Domain
	Checklist Criteria
	Additional Information

	Selection
	1) Representativeness of the exposed cohort
a) truly representative of the average population in the community * 
b) somewhat representative of the average population in the community *
c) selected group of users eg nurses, volunteers
d) no description of the derivation of the cohort
	1 * maximum allotted for this criteria.
Assumption: Given the nature of the review, studies received a star if they discuss representation (and reasons for their study being representative) or if they are multicentre/regional/national.

	
	2) Selection of the non exposed cohort
a) drawn from the same community as the exposed cohort *
b) drawn from a different source
c) no description of the derivation of the non-exposed cohort	
	

	
	3) Ascertainment of exposure
a) secure record (eg surgical records) *
b) structured interview *
c) written self report
d) no description
	

	
	4) Demonstration that outcome of interest was not present at start of study
a) yes *
b) no
	Assumption: This was taken to mean whether there was discussion of history of disease prior to/at start of study. If there was a star was given.

	Comparability
	1) Comparability of cohorts on the basis of the design or analysis
a) study controls for age/sex/comorbidity *
b) study controls for any additional factor *
	2 * maximum allotted for this criteria.
Assumption: For studies in which hospital associated cases and LoS were being analysed, two stars were only given if time dependency and other potential covariates was controlled for.
If age and sex were excluded for a specific justified reason and other factors included, then this was also awarded a star. If time dependency was not an issue and there were justifications for included factor then the study could be awarded two stars also.

	Outcome
	1) Assessment of outcome 
a) independent blind assessment *
b) record linkage *
c) self report	
d) no description
	

	
	2)Was follow-up long enough for outcomes to occur
a) yes (select an adequate follow up period for outcome of interest) *
b) no
	Assumption: This was placed at >=30 days for mortality. 

	
	3) Adequacy of follow up of cohorts
a) complete follow up - all subjects accounted for * 
b) subjects lost to follow up unlikely to introduce bias, small number lost (<20%) or description provided of those lost  *
c) follow up rate < 80 % and no description of those lost 
d) no statement
	Assumption: No description of data cleaning, patient exclusion, sample derivation, or loss to missing data for retrospective studies was not awarding a star.



ii) Economic Modelling Studies
A recent systematic review on the quality assessment tools that can be used when assessing health economic evaluations stated that where it is not a cost-effectiveness study being assessed, but rather economic modelling in general the Philips checklist [3] can be employed. Note that this method has also been recommended by Cochrane for modelling studies [4]. Table 3 represents the Philips checklist utilised in this systematic review [3].

Table 3: Quality Assessment for Modelling Studies
	Domains & Dimension of Quality
	Questions for critical appraisal

	Structure (S)
	S1
	Is there a clear statement of the decision problem? *

	
	
	Is the objective of the evaluation and model specified and consistent with the stated decision problem? *

	
	
	Is the primary decision maker specified? *

	
	S2
	Is the perspective of the model stated clearly? * 

	
	
	Are the model inputs consistent with the stated perspective? *

	
	
	Has the scope of the model been stated and justified? *

	
	
	Are the outcomes of the model consistent with the perspective, scope and overall objective of the model? *

	
	S3
	Has the evidence regarding the model structure been described? *

	
	
	Is the structure of the model consistent with a coherent of the health condition under evaluation? *

	
	
	Have any competing theories regarding model structure been considered? *

	
	
	Are the sources of data used to develop the structure of the model specified? *

	
	
	Are the causal relationships described by the model structure justified appropriately * 

	
	S4
	Are the structural assumptions transparent and justified? *

	
	
	Are the structural assumptions reasonable given the overall objective, perspective and scope of the model? *

	
	S5
	Is there a clear definition of the options under evaluation? *

	
	
	Have all feasible and practical options been evaluated? *

	
	
	Is there justification for the exclusion of feasible options? *

	
	S6
	Is the chosen model type appropriate given decision problem and specified causal relationships within the model? *

	
	S7
	Is the time horizon of the model sufficient to reflect all important differences between options? Is the time horizon of the model, and the duration of treatment and treatment effect described and justified? *

	
	
	Has a lifetime horizon been used? If not, has a shorter time horizon been justified? *

	
	S8
	Do the disease states (state transition model) or the pathways (decision tree model) reflect the underlying biological process of the disease in question and the impact of interventions? *

	
	S9
	Is the cycle length defined and justified in term of the natural history of disease? *

	Data (D)
	D1
	Are the data identification methods transparent and appropriate given the objectives of the model? *

	
	
	Where choices have been made between data sources, are these justified appropriately? *

	
	
	Has particular attention been paid to identifying data for the important parameters in the model? *

	
	
	Has the process of selecting key parameters been justified and systematic methods used to identify the most appropriate data? *

	
	
	Has the quality of the data been assessed appropriately? *

	
	
	Where epert opinion has been used are the methods described and justified? *

	
	D2
	Are the pre-model data analysis methodology based on justifiable statistical and epidemiological techniques? *

	
	D2a
	Is the choice of baseline data described and justified? *

	
	
	Are transition probabilities calculated appropriately? *

	
	
	Has a half cycle correction been applied to both cost and outcome? *

	
	
	If not, has this omission been justified? *

	
	D2b
	If relative treatment effects have been from trial data, have they been synthesised using appropriate techniques? *

	
	
	Have the methods and assumptions used to extrapolate short-term results to final outcomes been documented and justified? * Have alternative assumptions been explored through sensitivity analysis? *

	
	
	Have assumptions regarding the continuing effect of treatment once treatment is complete been documented and justified?*
Have alternative assumptions been explored through the sensitivity? *

	
	D2c
	Are the utilities incorporated into the model appropriate?  *

	
	
	Is the source for utility weights referenced? *

	
	
	Are the methods of derivation for the utility weights justified? *

	
	D3
	Have all data incorporated into the model been described and referenced in sufficient detail? *

	
	
	Has the use of mutually inconsistent data been justified (i.e. are assumptions and choices appropriate)? *

	
	
	Is the process of data incorporation transparent? *

	
	
	If data have been incorporated as distributions, has the choice of distribution for each parameter been described and justified? *

	
	
	If data have been incorporated as distributions, is it clear that second order uncertainty is reflected? *

	
	D4: Assessment of uncertainty
	Have the four principal type of uncertainty been addressed? *

	
	
	If not, has the omission been justified? *

	
	D4a: methodological
	Have methodological uncertainties been addressed by running alternative versions of the model with different methodological assumptions? *

	
	D4b: structural
	Is there evidence that structural uncertainties have been addressed via sensitivity analysis? *

	
	D4c:  heterogeneity
	Has heterogeneity been dealt with by running the model separately for different sub-groups? *

	
	D4d: parameter
	Are the methods of assessment of parameter uncertainty appropriate? *

	
	
	Has probabilistic sensitivity analysis been done, if not has this been justified? *

	
	
	If data are incorporated as point estimates, are the ranges used for sensitivity analysis stated clearly and justified? *

	Consistency (C)
	C1
	Is there evidence that the mathematical logic of the model has been tested thoroughly before use? *

	
	C2
	Are the conclusions valid given the data presented? *

	
	
	Are any counterintuitive results explained and justified? *

	
	
	If the model has been calibrated against independent data, have any differences been explained and justified? *

	
	
	Have the results of the model been compared with those of previous models and any differences in results explained? *












Table 4: Individual Study Characteristics & Quality Score 
Please note that the studies presented in this table are to be considered cohort studies unless “Case-Control Study:” or “Modelling Study:” have been added to the beginning of the “Methods” column. These classifications for each study were utilised using the relevant defined checklists in Tables 1-3 above. One study was labelled as a “Qualitative study” and was not quality assessed [5]. * Population of interest was assumed to be “All” of the patients in the study with the exposure/non-exposure of interest if a particular subgroup was not specified.† These studies either mentioned taking place during or near an outbreak.
	Study 
	Resistance Related Exposure(s) of Interest
	Non-exposure definition
	Outcome of Interest
	Country Setting
	Population of Interest*
	Data Setting
	Methods
	Sample Size (resistance related)
	Result (resistance-related)
	Stated Limitations
	Quality Score

	[6]
	Escherichia coli bacteremia (cephalosporin resistant and ciprofloxacin resistance separately)
	E. coli bacteremia (cephalosporin susceptible and ciprofloxacin susceptible separately)
	30-day all-cause mortality
	England
	All
	National surveillance database
	Multivariate logistic regression
	Out of 28,616 cases; 18 479, 18 256 and 20 475 patients had cephalosporin, carbapenem and ciprofloxacin susceptibility test results, of which 1838 (10.0%), 24 (0.13%) and 3647 (%) were non-susceptible respectively
	Ciprofloxacin non-susceptibility increased the odds of death [OR= 1.30 (95% CI 1.15–1.46)].  Carbapenem non-susceptibility was not included in the adjusted model. Cephalosporin non-susceptibility was not associated with mortality in the adjusted model [OR= 1.08 (95% CI 0.93–1.26)]
	Missing susceptibility data for many patients and missing data on potentially important factors
	0.89

	[7]
	Methicillin resistant Staphylococcus aureus bacteriuria (MRSA)
	Methicillin susceptible Staphylococcus aureus bacteriuria (MSSA)
	12-month mortality
	USA
	All
	1 medical centre
	Multivariate logistic regression 
	157 MRSA cases, 119 MSSA cases, 50 cases not tested
	MRSA was not associated with mortality (in the univariate analysis) with p=0.107

	Retrospective nature, missing data on resistance for some patients and not generalizable due to age and sex bias of population
	0.67

	[8]
	MRSA infections
	MSSA infections and no  Staphylococcus aureus infection
	All-cause mortality
	Global
	Post-cardiothoracic surgery patients
	Global
	Significance tests
	3712 patients without Staphylococcus aureus infection, 97 MSSA infections (MSSA) infections and 23 MRSA infections
	The all-cause mortality rate was 4.1% in patients without infection of interest, 7.2% in MSSA infections and 17.4% in MRSA infections (p< 0.01)
	Post hoc investigation of data previously collected for another study & missing data
	0.67

	[9]
	Vancomycin MIC >=2 in MRSA infections
	Vancomycin MIC of 1.5 - 2 and of <1.5 in MRSA infections
	Mortality
	Iran
	All
	1 hospital
	Descriptive statistics
	18 cases were MIC < 1.5, 17 were MIC 1.5 - 2 and 12 were MIC >2
	Mortality was not significantly associated with a higher MIC (p>0.05)
	Not clearly stated
	0.33

	[10]
	carbapenem resistant Klebsiella pneumoniae  Gram-negative rod BSI
	non-"carbapenem-resistant K. pneumoniae " Gram-negative rod BSI
	7-day case fatality rate
	Israel
	All
	1 hospital
	Significance test
	431 CRKP carriers, 19 CRKP BSI cases and 68 GNR BSI cases
	The 7-day case fatality rate was 24.4% for patients with GNR BSI excluding CRKP, and 38.9% for patients with CRKP bacteraemia (p = 0.26)
	Small power and the group was mainly severely ill patients
	0.56

	[11]
	General resistance 
	No resistance
	Secondary Effects; World GDP impact (and monetary GDP impact)
	International (Global)
	Caesarean, join replacement, cancer and organ transplant patients
	Not stated
	Modelling Study: Stepwise calculation (not clear)
	N/A
	It is estimated that caesarean sections, cancer drugs, organ transplants and joint replacements contribute to around 4% of GDP, worth around 120 trillion USD, some of this could be lost due to resistance.
	None clearly stated in relation to this finding in the report. 
	0.02

	[12]
	Carbapenem-resistant Gram-negative bacteremia
	Carbapenem-susceptible Gram-negative bacteremia
	14-day mortality and 1 year mortality
	Israel
	Haematological cancer patients
	1 hospital centre
	Logistic regression for 14 day mortality and cox regression analysis for 1 year survival
	320 carbapenem susceptible episodes and 103 carbapenem resistant episodes
	Carbapenem resistance was significantly associated with 14-day mortality [OR= 5.14 95% CI; 2.32–11.38 ,p <0.001] and 1-year mortality [HR = 1.48, 95% CI; 1–2.2, p=0.05]
	Potential missing factors in adjustment for other covariates
	0.78

	[13]
	Drug resistant Tuberculosis
	Drug susceptible Tuberculosis
	Mortality during treatment
	Thailand
	All
	National and regional surveillance data
	Cox regression
	7684 pan-susceptible cases, 358 Rifampicin resistant cases, 691 Isoniazid monoresistant cases and 785 Ethambutol/streptomycin resistant cases
	There was significantly higher mortality in rifampicin resistance [HR = 1.9, 95% CI; 1.5-2.5) and isoniazid monoresistance [HR 1.4 (95% CI; 1.1-1.7)] than in susceptible cases, in the adjusted models. Resistance was not significant in the adjusted models [HR = 1.0 (95% CI; 0.8-1.3)].
	Use of secondary data & heterogeneity in treatment of patients
	0.78

	[14]
	Carbapenem-resistant device associated healthcare acquired infections in an ICU
	No device associated healthcare acquired infections in an ICU
	Crude ICU mortality and crude-excess mortality
	Greece
	All
	3 hospital ICUs
	Significance tests
	 294 total included.
	Crude ICU mortality for ventilator associated pneumonia (VAP) due to carbapenem-resistant Acinetobacter baumannii and carbapenem-resistant K. pneumoniae was significantly higher than for patients without HAI in the ICU [RR= 2.50 (95% CI; 1.29-4.82), p = 0.006]. The respective results for catheter-associated BSI are as follows; only carbapenem-resistant A. baumannii [RR= 2.12 (95% CI, 1.21-3.70), 0.008] and for patients with only catheter-associated BSI due to carbapenem-resistant K. pneumoniae 3.7% [RR =2.50 (95% CI, 1.29-4.82) p =0.006]
	Generalisability issue
	0.44

	[15]
	Carbapenem resistant Gram-negative bloodstream infections
	Non-"Carbapenem resistant" Gram-negative bloodstream infections
	Excess mortality, length of stay and antibiotic cost
	Greece
	Adult patients
	2 ICUs
	Significance tests
	Not clear for resistance comparisons
	CR-Gram-negative cases had a relative risk of experiencing mortality of 2.32 [(95% CI; 1.43 - 3.73), p=0.0005], compared to "none infecting organisms". Non-CR-Gram-negative cases had a relative risk of experiencing mortality of 1.87 [(95% CI; 1.19 - 2.93), p=0.003], compared to "none infecting organisms". The medians' difference of length of stay for these comparisons were 14 [(95% CI; 9 - 19), p<0.001], and 10 [(7.5 - 12.5), p<0.001], respectively. The medians' difference in costs for these comparisons were 2,760 EUR (95% CI; 1,492 - 2,570 EUR), p<0.001, and 1,896 EUR (95% CI; 1,222 - 2,570 EUR), p<0.001. (cost date not specified but assumed 2010 EUR)
	Small sample size & generalisability
	0.22

	[16]
	Imipenem resistant MBL positive Pseudomonas aeruginosa nosocomial infections
	 Imipenem resistant MBL negative-P. aeruginosa  nosocomial infections
	Crude mortality and mean ICU duration
	India
	All patients
	1 hospital
	Significance tests
	24 Imipenem resistant MBL positive P. aeruginosa isolates and 10 Imipenem resistant MBL negative isolates
	Crude mortality was not significantly associated with MBL-positivity (42.86% [6/14] vs. 20% [2/10], p = 0.49), but mean ICU duration was (3.167 ± 0.98 days vs. 16 ± 2.82, p < 0.001)
	Potential issues with case definitions (and exclusion of polymicrobial infections)
	0.33

	[17]
	MDR sepsis and septic shock
	non-MDR sepsis and septic shock
	Mortality rate 
	Turkey
	All
	1 hospital ICU
	Significance tests
	34 MDR cases, 139 total cases
	MDR was significantly (p<0.01) associated with a higher mortality rate (70.6% vs 29.4% for non-MDR cases respectively)
	Retrospective nature, limited number of patients due to missing data
	0.44

	[18]
	MRSA Healthcare associated BSIs
	non-"MRSA" Healthcare associated BSIs
	In-hospital mortality and length of stay (LoS)
	Australia
	All
	9 hospitals
	Multistate modelling
	5847 total HAI BSIs (189 MRSA)
	Resistance (MRSA) was associated with increased mortality [HR=4.6 (95% CI; 2.7 to 7.6)], resistance was also associated with excess LoS if discharged alive [12.8 days (95% CI 6.2 to 26.1 days)]
	Missing data 
	0.67

	[19]
	Ampicilin resistant E. coli bloodstream infection
	Ampicilin susceptible E. coli bloodstream infection
	Main outcome is 30-day mortality and secondary outcomes include 7-day mortality and mortality at discharge
	USA
	Infants
	77 neonatal ICUs
	Multivariate logistic regression
	123 resistant cases, 135 controls
	Resistance was not significantly associated with 30-day mortality [OR= 1.37 (95% CI; 0.39,4.77)] and was not significantly associated with other outcomes including 7-day mortality [OR=1.25 (95% CI; 0.35, 4.39)] and in-hospital mortality [OR=1.74 (95% CI; 0.65, 4.67)]
	Missing data on potential factors and not powered for mortality analysis
	0.67

	[20]
	Carbapenem-Resistant Klebsiella bacteraemia
	Non-"Carbapenem-Resistant" Klebsiella bacteraemia
	30-day mortality
	USA
	Adult patients treated with carbapenems
	2 hospitals
	Logistic regression
	7 carbapenem resistance cases, 2017 total
	Carbapenem  non-susceptibility was significantly associated with 30-day mortality [OR = 9.08 (95% CI, 1.17–70.51) p = 0.04]
	Retrospective observational nature and small sample size
	0.78

	[21]
	 MDR-UTIs 
	 Non-MDR UTIs 
	Relapsing and recurring UTIs
	Spain
	All post-kidney transplant patients
	1 hospital
	Variable significance tests and multivariate logistic regression. Multivariate analysis for Odds Ratios
	119 non-recurrent UTIs, 55 recurrent UTIs (54 first or second episodes caused by MDR pathogens)
	MDR (associated with first or second UTI episodes) was associated with recurrent UTI [OR= 12(95 CI; 5 - 28)] and relapsing episodes [OR 3.8 (95% CI; 1.8 - 83)]
	Single centre and some data incomplete (no data for some major causative pathogens)
	0.67

	[22]
	ART pre-treatment resistant HIV
	Non-"ART pre-treatment resistant" HIV
	All-cause mortality
	Global (Pan-African)
	Adult
	International regional network
	Cox regression
	12 pre-treatment drug resistant cases, 176 non-pre-treatment drug resistant cases
	Pre-treatment resistance was not significantly associated with mortality [HR=0.75 (95% CI; 0.24–2.35) p = 0.617]
	Participation bias, attrition bias and misclassification of non-resistant cases
	0.89

	[23]
	Healthcare associated vancomycin-resistant Enterococcus (VRE)  and MRSA infections
	Non-"VRE " and non-"MRSA" infections
	In-hospital mortality
	Italy
	Adult patients staying in hospital longer than 48 hours
	1 hospital
	Significance tests
	There were 234 alive cases and 55 dead cases total, there were 41 MRSA cases and 11 VRE cases
	MRSA and vancomycin-resistant Enterococcus were not significantly more likely to be found in dead patients compared to alive patients (p>0.05)
	Missing information on potentially important factors
	0.44

	[24]
	MRSA post-partum breast abscess
	MSSA post-partum breast abscess
	Direct medical cost and healthcare utilization
	USA
	Post-partum women
	1 hospital
	Matching and Significance tests
	30 MRSA cases and 24 MSSA controls
	Health services utilization was similar among case patients with MRSA and MSSA, however, MRSA cases had significantly more
outpatient visits (median 6.0 versus 3.0). There was no significant cost difference
between patients with MRSA infection and those with MSSA. Attributable costs (in 2012 USD) were similar regardless of methodology used - Mean Attributable Hospital Direct Costs= $507 (95% CI;                   -818, 1842), p= 0.45 for MRSA vs MSSA. [Results also presented using a Medicare unit cost and partial costing, none significant]
	Single centre, large cluster of specific MRSA type during study, some lost to follow up
	0.78

	[25]
	Colistin resistant carbapenem-resistant K. pneumoniae 
	Non-"Colistin resistant" carbapenem-resistant K. pneumoniae 
	In-hospital mortality
	Italy
	All
	9 hospitals
	Binary Logistic regression
	97 CRKP cases
	Colistin resistance was found to be an independent risk factor of in-hospital mortality [OR=4.15 (95% CI; 1.17–14.74) p=0.02]
	Small sample size and heterogeneity of infections
	0.67

	[26]
	Heterogeneous vancomycin-intermediate MRSA bloodstream infection 
	Vancomycin susceptible MRSA bloodstream infection 
	30-day mortality, MRSA-infection related mortality and LoS (total and after onset)
	USA
	>=18 years old
	Multicentre (5 centres), National
	Matching, multivariate analysis (variables chosen from univariate analysis). Significance tests for LoS.
	61 cases (hVISA MRSA) and 61 controls (vancomycin susceptible MRSA)
	Thirty-day non-hVISA MRSA infection-related mortality was not significantly different to hVISA cases (p=0.081), also all-cause 30-day mortality was not significantly different (p=0.076). hVISA was significantly associated with longer total hospital LoS (median difference of 8 days, p = 0.022) and longer LoS after the onset of infection (median difference of 9 days, p=0.021)
	Potential case issues from testing methods, relatively small sample size and potential selection bias
	0.56

	[27]
	High vancomycin minimum inhibitory concentration MSSA bacteraemia
	Low vancomycin minimum inhibitory concentration MSSA bacteraemia
	30-day all-cause mortality
	Spain
	All
	1 hospital
	Logistic Regression analysis
	21 of 53 (39.6%) strains had vancomycin MICs= 2 μ g/ml.
	High vancomycin MIC [OR= 9.3 (95% CI; 1.31 – 63.20) p= 0.027] was associated with mortality
	Retrospective nature and missing data on a potentially important factor (genetic testing)
	0.67

	[28]
	Multiple species 
	Non-resistant infections
	Resistant infection related deaths
	USA
	All
	Surveillance, literature, expert opinion
	Modelling study: Synthesis of evidence from different sources on the pathogens and resistance and stepwise calculation
	N/A
	Estimates the minimum number of illnesses and deaths caused by antibiotic resistance to be 2,049,442 and 23,000 respectively annually
	The data presented in this report
are approximations, and totals as provided in the national summary tables can provide
only a rough estimate due to data limitations
	0.19

	[29]
	Oseltamivir-resistant seasonal A(H1N1) Influenza
	Susceptible seasonal A(H1N1) Influenza
	mortality and median length of stay
	Hong Kong
	>= 18 years
	2 hospitals
	Significance tests
	46 resistant cases and 31 non-resistant
	The two groups had similar mortality (11–13%) and duration of hospitalization (median 5–6 days) indicators (p=1.000 and p=0.224 respectively).
	Small sample size
	0.33

	[30]
	General resistance in bacteremia
	Susceptible bacteremia
	Hospital costs (including drug and laboratory cost), LoS, mortality, admissions and complication
	India
	All
	1 hospital
	Variable significance tests
	 133 resistant, 87 susceptible cases
	Resistance significantly impacted cost in the three main categories – overall cost (88,686 vs 47,380 INR, p=0.001), antibiotic cost (p<0.001), and total pharmacy cost (p<0.001)
Intensive care admissions (p<0.001), complications (p=0.006), and mortality (0.011) were significantly higher in the resistant group. Resistance also impacted median LoS (14 vs 11 median days for resistant compared to susceptible respectively, p=0.027).
	None stated clearly
	0.56

	[31]
	Third-generation cephalosporin-resistant Spontaneous bacterial peritonitis
	Non-"Third-generation cephalosporin-resistant" Spontaneous bacterial peritonitis
	30-day mortality
	Canada
	Adult cirrhosis patients
	1 hospital
	Logistic regression
	15 resistant cases, 192 cases total
	In multivariate analysis, resistance to third-generation cephalosporins was significantly associated with 30-day mortality [OR=5.3 (95 % CI; 1.3 to 22), p=0.02]
	Retrospective, small sample size & generalisability
	0.78

	[32]
	Vancomycin-resistant Enterococcus (VRE) Bacteremia
	Vancomycin-susceptible Enterococcus  (VSE) Bacteremia
	In-hospital mortality, LoS and hospital cost
	Australia
	Non-pregnant over 18 year olds
	2 hospitals
	Matched regression 
	116 cases, 116 controls
	Resistance was not an independent risk factor for mortality [OR= 1.21 (95% CI; 0.53–2.79)]. Vancomycin resistance increased LoS (4.89 days; 95% CI, 0.56–11.52) and hospitalization costs (AU$ 28 872; 95% CI, 734–70 667)
	Potential issues with independent factors in model
	0.56

	[33]
	Resistant ventilator-associated bacterial pneumonia
	Susceptible ventilator-associated bacterial pneumonia
	Mortality
	Thailand
	All
	1 hospital surgical ICU
	Cox regression
	150 total patients
	Resistance was found to be a significant factor for mortality; including 'resistant organisms' [HR = 1.93 (95% CI; 1.04–3.59) p= 0.04] and XDR [HR= 2.22 (95% CI; 1.16–4.27) p=0.02], but not MDR [HR=1.39 (95% CI; 0.59–3.31), p= 0.45]
	Potential external factors influencing result not accounted for (such as bundle intervention)
	0.67

	[34]
	VRE Bacteremia
	VSE Bacteremia
	Attributable mortality and 30-day crude mortality
	South Korea
	>=19 year old patients with neutropenia after chemotherapy or stem cell transplantation (SCT) for underlying hematologic diseases
	1 hospital
	Cox proportional hazards regression for mortality and Kaplan-Meier for survival analysis
	24 VRE bacteraemia and 67 VSE bacteraemia cases
	Resistance not significantly associated with attributable mortality (p=0.447). In the multivariate analysis, vancomycin resistance was not significantly associated with 30-day mortality [HR= 0.75 (95 CI; 0.24 - 2.36)]
	Retrospective, small sample size and potential issues with case definition
	0.67

	[35]
	Methicillin resistant Septic failures
	Methicillin susceptible Septic failures
	Mortality
	USA
	All patients post total knee arthroplasty
	1 hospital
	Logistic regression
	26 resistant cases, 62 susceptible cases
	Resistance was not significantly associated with mortality (p=0.52, OR not presented)
	Retrospective nature, potential database issues and potential causality issues
	0.56

	[36]
	Carbapenem- and ampicillinsulbactam- resistant A. baumannii bloodstream infections
	Carbapenem- and ampicillinsulbactam- susceptible A. baumannii bloodstream infections
	In-hospital mortality
	USA
	All
	8 hospitals
	Logistic regression
	68 “Carbapenem- and ampicillinsulbactam- resistant” cases and 206 non-“ Carbapenem- and ampicillinsulbactam- resistant” cases
	Resistance was not significantly associated with in-hospital mortality [OR= 1.15 (95% CI; 0.51 to 2.63),p=0.74]
	No clear stated limitations
	0.67

	[37]
	Multi-drug resistant tuberculosis
	Non-multi-drug resistant tuberculosis
	Mortality
	Peru
	Adult patients
	Regional network
	Cox proportional hazards regression
	236 MDR cases, 1232 total 
	MDR-TB was significantly associated with increased mortality in the crude model (p < 0.001) and was significant when adding other potential covariates [HR = 7.5 (4.1-13.4)] 
	Potential bias with category definitions (timing) and incomplete data (susceptibility for non-MDR TB cases)
	0.78

	[38]
	Carbapenem-resistant Acinetobacter nosocomialis and Acinetobacter pittii, which belong to Acinetobacter calcoaceticus-A. baumannii  complex
	Carbapenem-susceptible Acinetobacter nosocomialis and Acinetobacter pittii
	30-day mortality
	Thailand
	>=18 years old
	1 hospital
	Cox proportional hazard regression
	139 Carbapenem intermediate or resistant A. baumannii cases, 58 Carbapenem susceptible A. baumannii cases
	Carbapenem resistance was not significantly associated with 30-day mortality [HR=1.57 (95% CI; 0.89-2.79) p = 0.105]
	Retrospective, single centre and potential testing bias
	0.67

	[39]
	Macrolide resistant community acquired Streptococcus pnuemoniae pneumonia
	Macrolide susceptible community acquired Streptococcus pnuemoniae pneumonia
	LoS, 30-day in-hospital mortality, clinical outcomes (e.g. acute renal failure, shock)
	Spain
	Adults
	1 hospital
	Significance test
	135 resistant cases, 504 sensitive cases
	Resistance was not significantly associated with LoS [8 vs 8 median days, p=0.96], 30-day mortality (p=0.59) or clinical outcomes such as acute renal failure (0.84). However, resistant cases were significantly less likely to have bacteraemia (p=0.009) or shock (p=0.05)
	Generalisability issue, small sample size of resistant cases, lack of information for some factors
	0.56

	[40]
	MRSA  bacteraemia
	Non-"Methicillin-Resistant" Staphylococcus aureus  bacteraemia
	30-day mortality
	Spain
	Paediatric patients
	1 hospital
	Cox regression
	269 episodes of Staphylococcus bacteraemia, 21 MRSA strains isolated
	MRSA was not significantly associated with mortality in the univariate analysis [OR=0.51 (95% CI; 0.25–1.07) p=0.07] and so was not included in the multivariate analysis
	Retrospective and single centre
	0.67

	[41]
	Resistant intra-abdominal infection
	Susceptible intra-abdominal infection
	Mortality, ICU admission
	International 
	Adult patients - post-surgery or treatment for intra-abdominal infection
	Multicentre, International
- 116 medical institutions worldwide
	Chi squared tests and logistic regression
	21 resistant cases, 546 controls
	Resistance was not significantly associated with mortality [Gram positive resistance p=0.115, Gram negative resistance p=0.845] or ICU admission [Gram negative resistance p=0.047, Gram positive resistance p=0.436]
	Data did not allow for certain patient classifications or investigation
	0.56

	[42]
	MRSA foot infections
	Non-"MRSA" foot infections
	Median antibiotic course and hospital duration, and antibiotic cost per person 
	Australia
	Adult diabetic patients
	1 hospital
	Significance tests
	21 MRSA cases, 156 non-MRSA cases
	Median length of stay was significantly longer in MRSA infections than non-MRSA infections [68 (IQR; 32.5 -136) days versus 26 (IQR; 10.25 - 42) days respectively, p<0.001]. Median antibiotic course duration was significantly longer in MRSA infections than non-MRSA infections [68 (IQR; 42- 141.5) days versus 30.5 (IQR; 15 - 58.75) days respectively, p<0.001]. Median antibiotic cost per person was significantly higher in MRSA infections than non-MRSA infections [3431 (IQR; 1186 - 5334) AU$ versus 896 (IQR; 380 - 1736) AU$ respectively, p<0.001] (AU$ assumed 2013)
	Generalisability
	0.44

	[43]
	MRSA  bacteraemia
	MSSA  bacteraemia
	30-day mortality
	Australia
	All
	National network
	Significance tests
	334 MRSA cases, 1378 MSSA cases
	MRSA cases experienced mortality at a significantly higher rate than susceptible cases (p < 0.0001).
	Not clearly stated
	0.67

	[44]
	MDR bacterial hospital acquired infections
	Susceptible bacterial hospital acquired infections
	Attributable mortality and hospitalisation days
	Mexico
	Adult cancer patients
	ICU in 1 hospital
	Variable significance tests and ORs
	134 total patients, 105 MDR isolates
	MDR was associated with increased hospitalisation stay in days [16+/- 10 vs. 12 +/-6 days, p = 0.02] and mortality [p=0.05]
	None stated clearly
	0.44

	[45]
	Carbapenem-resistant K. pneumoniae 
	Carbapenem-susceptible K. pneumoniae 
	In-hospital mortality
	Brazil
	All
	1 hospital
	Univariate analysis for ORs & Matching
	20 resistant cases, 236 total cases
	Resistance was not significantly associated with mortality [OR=2.64 (95% CI; 0.86-8.07) p=0.085]
	Generalisability issue, small sample size and potential unknown factors (colonisation)
	0.67

	[46]
	Fluconazole resistant Candida species blood stream infections
	Fluconazole susceptible Candida species blood stream infections
	In-hospital and 14-day mortality
	Columbia
	All
	7 hospitals
	Logistic regression
	125 total, 4 resistant according to 2008 breakpoints and 22 according to 2012 breakpoints
	(In-hospital assumed) mortality was not significantly impacted by resistance according to 2008 or 2012 MIC breakpoints [OR=0.54 (95% CI; 0.03–7.6) and OR=1.65 (95% CI; 0.53–5.15)]
	Generalisability
	0.56

	[47]
	XDR Tuberculosis
	Rifampicin-mono-resistant and/or MDR Tuberculosis
	Monetary cost per patient

	South Africa
	All
	Community programme
	Modelling Study: Stepwise calculations - Direct medical costs/ outcomes from patient records, applied to unit costs 
	467 Rifampicin-resistant TB cases, in which there were 101 mono-resistant, 309 MDR and 20 XDR cases
	The mean cost (2013, USD) per patient was 7,916 (Range 260 - 87,140). For XDR-TB and pre-XDR TB this mean cost per patient was 2.5 times higher than for Rifampicin-resistant-mono resistance and MDR (group estimate as 15,567 mean cost (range 1472 - 87,140))
	Missing data on some outcomes and procedures
	0.33

	[48] †
	New Delhi metallo-β-lactamase (NDM-1) gram negative infection
	All non-exposure patients
	LoS and in-hospital mortality
	South Africa
	All
	1 hospital
	Bivariate conditional logistic regression analysis was undertaken to calculate crude odds ratio’s for duration of stay. Conditional logistic regression was undertaken to calculate the odds of in-hospital mortality
	38 cases (New Delhi metallo-β-lactamase infection)  and 68 controls (other admitted patients)
	Cases had a longer mean total length of hospital stay (44.0 vs 13.3 days, P < 0.001), case status was significantly associated with in-hospital mortality, OR = 11.29 (95% CI; 2.57–49.60) p= 0.001
	Small sample size, missing data and potential issues with outbreak investigation
	0.67

	[49] 
	MDR Gram-negative bacterial infection
	Non-MDR Gram-negative bacterial infection
	7-day and 30-day mortality
	Brazil
	<18 years old cancer patients
	1 hospital ICU
	Case-Control: Logistic regression 
	101 cases total, 47 infected by Gram negative bacteria
	MDR was not included in multivariate analyses as not found to be significant
	Retrospective design and small sample size
	0.89

	[50]
	Extended-spectrum beta-lactamase (ESBL)-producing E. coli bacteraemia
	ESBL-negative E. coli bacteraemia
	30-day mortality and LoS
	France
	All
	1 hospital
	Logistic regression and significance test for LoS
	41 cases (ESBL+) and 41 controls (ESBL-)
	ESBL-positivity was not associated with a longer hospital stay (15 days  (IQR=10–21 vs 11 days (IQR= 7–17 days) for ESBL+ vs ESBL- respectively, p = 0.088]. 30-day mortality was not significantly different in the two groups [OR=2.99 (95% CI; 0.59-15.2) p=0.18]
	Retrospective nature, single centre and small sample size
	0.67

	[51]
	MDR tuberculosis
	Non-MDR tuberculosis
	Direct costs including hospitalization costs, outpatient costs, drug cost and treatment monitoring costs. (
Indirect costs due to loss of productivity on the part of the general economy).
	Germany
	>=17 years old
	National Institute
	Modelling Study: Evidence synthesis and Stepwise calculations; In patient costs were based on DRG prices. Monte Carlo simulation was performed. Treatment cost was derived from guidelines and prices. Productivity loss was measured using the human capital method.
	65 MDR-TB patients, 4220 TB cases
	Mean drug costs were 51,113.22 EUR (range 19,586.14 EUR to 94,767.90 EUR). The weighted costs for hospitalization were 26,000.76 EUR per patient compared to only 2,192.13 EUR for primary outpatients; the total treatment costs of MDR-TB amounted to 64,429.23 EUR.
From a societal perspective, the total cost per MDR-TB or XDR-TB case were between 82,150 EUR and 108,733 EUR per case, respectively.
	Some data were incomplete
	0.52

	[52]
	Tuberculosis (MDR and XDR-TB)
	Drug-susceptible tuberculosis
	Monetary cost; inpatient cost per day, outpatient cost, cost of medication and cost due to lost productivity
	Europe
	All
	Surveillance and literature
	Modelling Study: Synthesis of evidence from different sources on the pathogens (including a systematic literature review) and resistance and stepwise calculation
	N/A
	For total economic cost; Average per-TB  case  cost  (in  the  original  EU-15 states plus Cyprus, Malta and Slovenia) 10,282 EUR for drug-susceptible TB, 57,213 EUR for MDR-TB and 170,744 for XDR-TB
	Heterogeneity across country delivery of healthcare and data collection
	0.44

	[53]
	Antimicrobial resistant BSI
	Antimicrobial susceptible BSI
	Mortality
	South Africa
	<=14 years old
	1 hospital
	Multivariate Logistic regression
	864 BSI episodes
	Antimicrobial resistance was not significantly associated with mortality (p = 0.83)
	Potential bias with category definitions (e.g. community-associated) and incomplete data (e.g. antimicrobial use)
	0.50

	[54] †
	KPC-2-producing K. pneumoniae  infection
	KPC-2-producing K. pneumoniae  colonization
	Crude hospital mortality and LoS
	Greece
	All
	1 hospital
	Poisson regression for mortality and significance tests for LoS
	35 infected cases and 37 colonized cases
	Comparing resistant infection to colonisation - infection had an impact on mortality [IRR = 1.67, (95% CI; 0.99-2.82) p=0.056] and median LoS [57 vs 25 days, p=0.025]
	Small observation period for some cases and potential case definition bias
	0.56

	[55]
	Invasive MRSA infection.
	Invasive MSSA infection
	In-hospital, 7-day and 30-day mortality
	USA
	Infants
	National network of neonatal ICUs
	Modified Poisson regression
	1,110 MRSA cases, 2868 MSSA cases
	MRSA did not significantly affect mortality for any of the used mortality measures. Results presented are for in-hospital, 7-day and 30-day mortality respectively; RR= 1.19 (95% CI; 0.96-1.49), RR = 0.90 (95% CI; 0.65-1.24), RR = 1.15 (95% CI; 0.90-1.46)
	All-cause mortality used & potential misclassification of non-included cases
	0.89

	[56]
	Second-line drug (SLI) and  fluoroquinolone resistant tuberculosis
	SLI and  fluoroquinolone susceptible tuberculosis
	Mortality and survival
	USA
	All
	National Institute
	Cox proportional hazards regression
	SLI resistant = 49, SLR susceptible = 2225, fluoroquinolone resistant = 32, susceptible = 1109
	Resistance to SLIs after 8 months of treatment was significantly associated with higher mortality (HR, 2.8; 95% CI, 1.4–5.4). Fluoroquinolone resistance was  significantly associated with lower survival (p = 0.03) 
	Potential lack of generalizability, bias with case definition and lack of data for factors such as comorbidity
	0.89

	[57]
	ESBL-producing E. coli Urinary Tract Infections
	ESBL-negative E. coli Urinary Tract Infections
	Clinical failure and hospital cost per episode
	Spain
	>= 18 years old
	1 hospital
	Matching and Logistic regression
	60 ESBL-producing and 60 non-ESBL producing cases
	ESBL was a significant risk factor for clinical failure (p =0.002). ESBL-producing infection cost more than a non-ESBL-producing E. coli infection,
(mean 4980 EUR vs. 2612 EUR, p=<0.001).  Multivariate analysis showed ESBL-production was a significant factor for median cost, OR=3.1 (95% CI; 1.3 - 7.0) p=0.008.
	Retrospective nature, only 1:1 matching and did not investigate reimbursement costs
	0.56

	[58]
	Fluconazole & caspofungin resistant Candida glabrata hunfaemia
	Fluconazole & caspofungin susceptible Candida glabrata hunfaemia
	28-day and in-hospital all-cause mortality
	USA
	Cancer patients
	1 cancer centre
	Log-rank test and Cox regression for 28-day mortality and binary logistic regression for in-hospital mortality
	30 fluconazole resistant cases, 15 caspofungin resistant cases, 146 total cases
	Resistance was not significantly associated with 28-day mortality in the multivariate analysis
	Retrospective, single centre, missing data for some factors, not powered to detect some factor differences, all-cause mortality rather than attributable as an outcome
	0.56

	[59] †
	MDR Acinetobacter calcoaceticus-A. baumannii   
	Non-MDR Acinetobacter calcoaceticus-A. baumannii   
	Main outcome is 30-day mortality and secondary outcomes include 14-day mortality and clinical outcomes such as LoS
	USA
	>= 18 years old
	1 hospital
	Multivariate logistic regression to determine factors for 30-day mortality, significance tests to compare 30-day mortality, 14-day mortality and LoS
	147 ACB complex bacteraemia, 97 MDR
	MDR was not significantly associated with 30-day mortality in the multivariate analysis [OR not given], but was associated with increased LoS in univariate comparison [11.5 vs 6, p=0.01].
	Small sample size, retrospective nature, choice of severity index
	0.67

	[60]
	Resistant Gram-negative bacteremia
	Susceptible Gram-negative bacteremia
	Mortality (crude and sepsis-related) and LoS
	Italy
	<18 years old
	1 hospital
	Variable significance tests and unadjusted odds ratios
	119 patients, 136 blood isolates; 53 MDR, 33 ESBL, 22 carbapenem resistant 
	Resistance was significantly associated with sepsis-related mortality [OR= 4.26 (95% CI;1.07-16.9)]. Multidrug resistance was associated with a longer average LoS but this was not significant [90.9 days vs 71.4 days, p-value = 0.093]
	Single centre
	0.56

	[61]
	VRE bloodstream infection
	Non-"VRE bloodstream infection"
	Mortality & hospital cost
	USA
	Acute leukaemia patients
	1 hospital (regional referral centre)
	Matching and  Cox proportional hazards models
	15 resistant cases and 45 controls
	Impact on survival was not significant (HR= 1.9 [95% CI, 0.87–5.1], p=0.1). Total median hospital costs were significantly higher for patients with resistant infections ($172,000 vs. $86,000, p= 0.0003), largely due to increased median LoS (42 vs. 29 days, p= 0.0005). (Year of USD unclear, taken as last study year – 2012)
	Retrospective nature, institutional practice and molecular typing methodology
	0.56

	[62]
	VRE blood stream infection
	Non-"VRE bloodstream infection"
	LoS and hospital cost
	USA
	Allogeneic hematopoietic stem cell transplantation recipients
	1 hospital
	Significance tests - not clear for outcomes
	Out of 308 total; No VRE colonisation or BSI = 283, VRE colonisation without BSI= 201,  VRE colonisation with BSI =13,  VRE BSI without colonisation=1
	No significant differences were seen in 3-month mortality with and without VRE BSI (0% vs. 2.1%, respectively). Median LoS was significantly longer for patients with VRE BSI than for colonised patients without BSI (24 vs. 20.5 days, p = 0.04). Median costs were not significantly higher with VRE BSI ($61,151 vs. $54,992, p=0.34). VRE colonised and non-colonised patients without VRE BSI had no significant difference in LoS and there was no differences in 1-year survival (92% vs. 90% for VRE-positive and VRE-negative patients). [Comparators were not always clear].
	Retrospective nature, single centre and potential testing issues
	0.44

	[63]
	MDR tuberculosis
	Susceptible tuberculosis
	Days treated and clinical outcomes (hospitalisation, adverse events, treatment success)
	Australia
	All
	National surveillance system
	Matching and significance tests
	16 cases matched to 3 controls each
	MDR was associated with longer treatment (mean, 597 v 229 days, no p-value or significance test value given), hospitalisation (p<0.001) and adverse effects (p<0.001). There was no significant difference in treatment success, and there were no deaths.
	Small sample size 
	0.78

	[64] †
	Polymyxin-resistant A. baumannii  infection
	Non-"Polymyxin-resistant A. baumannii  infection"
	60-day mortality
	Brazil
	All liver transplant patients
	1 hospital
	Cox proportional hazards regression
	7 cases with Polymyxin-resistant A. baumannii , 65 patients in total
	Polymyxin-resistant A. baumannii  was associated with mortality [HR= 1.03 (95% CI; 1.01–1.05), p=0.03]
	None stated clearly
	0.67

	[65]
	XDR A. baumannii  bacteremia
	Non-XDR A. baumannii  bacteremia
	30-day mortality
	China
	Elderly
	1 hospital
	Variable significance tests and logistic regression
	39 resistance cases, 86 controls
	XDR was found to be independently associated with 30-day risk of mortality in hospital [OR = 4.01 (95% CI; 1.46 - 11.04), p=0.01]
	Retrospective nature
	0.67

	[66] †
	MDR & XDR tuberculosis
	Drug-susceptible tuberculosis
	Mortality
	South Africa
	Adult patients
	1 hospital
	Bivariate and Multivariable analysis using product limit estimates
and Cox proportional hazards analysis. To account for missing CD4 counts for multivariable analysis, performed multiple imputation using a Markov Chain Monte Carlo method 
	227 patients who contributed 297 TB isolates for this study. Eighty-six (38%) patients had drug-susceptible TB, 67 (30%) had MDR TB; and 74 (33%) had XDR-TB.
	MDR TB and XDR TB remained independently associated with mortality [MDR HR= 3.37, p<0.0001; XDR HR =6.75, p<0.0001]
	Potential selection bias, potential bias from nearby outbreak
	0.44

	[67]
	Nosocomial MDR A. baumannii  blood stream infection
	Nosocomial susceptible A. baumannii  blood stream infection
	Total hospitalisation cost and antibiotic cost
	Turkey
	All
	General Intensive Care (GICU) and Neurology-Neurosurgery Intensive Care (NNICU) Units in 1 hospital
	Variable significance tests, Regression and Kaplan-Meier survival analysis
	41 resistant cases, 45 non-A. baumannii  controls
	Resistant A. baumannii  infection was not significantly associated with a difference between mean total hospitalisation cost compared to sensitive infections (35277 USD vs 20398 USD) and not significantly associated with a difference between mean antibiotic cost (1052 USD vs 836 USD)
	None stated clearly
	0.56

	[68]
	ESBL- producing K. pneumoniae  BSI
	ESBL-negative K. pneumoniae  BSI
	In-hospital mortality, total LoS, LoS before BSI onset and LoS after BSI onset (median days)
	Germany
	All
	1 hospital
	Cox proportional hazards model for mortality and significance tests for LoS
	66 ESBL + cases and 286 ESBL - controls
	ESBL + did not significantly impact in-hospital mortality (HR=0.629(95% CI; 0.36-1.10), p= 0.101, and HR=0.854 (95% CI; 0.49-1.48), p = 0.573 for two model types). ESBL + did have a significant impact on total LoS, LoS before BSI onset and LoS after onset (ESBL +, ESBL - and p-value respectively); 44(26-82) vs 24(11-46) with p<0.001, 23(2-51) vs 5(0-17) with p<0.001 and 18(9-42) vs 12(7-25) with p=0.027.
	Missing potentially important factors from the analysis, such as inappropriate therapy
	0.56

	[69]
	ESBL-positive E. coli bacteraemia
	ESBL-negative E. coli bacteraemia
	30-day  mortality
	South Korea
	Cancer patients, >= 16 years old
	1 cancer centre
	Logistic regression
	95 ESBL-positive, 255 ESBL-negative cases
	ESBL production was found to significantly impact mortality in the multivariate analysis [ESBL-E. coli bacteraemia [OR = 3.01 (95% CI; 1.45–6.28), p = 0.003].In the multivariate analyses of each subgroup (e.g. patients with solid tumours) ESBL production was consistently found to be an independent risk factor of mortality.
	Retrospective and observational nature, missing data on potential factors, generalisability
	0.67

	[70]
	Resistant Gram-negative  bacteraemia
	Susceptible Gram-negative  bacteraemia
	Infection-related mortality and 30-day all-cause mortality, LoS
	Australia
	Paediatric oncology patients
	1 hospital
	Logistic regression for categorical risk factors and outcomes. Significance tests used to estimate P values for continuous risk factors and outcomes.
	42 resistant cases, 238 non-resistant cases
	There was a significant increase in the median hospital LOS in episodes of AR GN bacteraemia compared with non-AR GN bacteraemia (23.5 versus 14.0 days, p = 0.0007). There was not a significant increase in infection-related (OR 5.7, 95% CI: 0.3–95.9, p=0.22) and all-cause mortality (OR 1.8, 95% CI: 0.5–6.7, p=0.42) in this group
	Retrospective and single centre
	0.67

	[71]
	ESBL-producing E. coli and K. pneumoniae  bacteremia
	ESBL-negative E. coli and K. pneumoniae  bacteremia
	Crude & attributable mortality
	South Korea
	Febrile neutropenic patients <20 years old after anticancer chemotherapy or hematopoietic cell transplantation
	1 hospital
	Significance tests
	20 ESBL-producing cases and 40 non-ESBL-producing group
	Clinical outcomes did not significantly differ between the ESBL-producing and non-ESBL-producing cases (p-value for crude mortality was 0.683 and for attributable mortality was 1)
	Potential testing bias, change in treatment between groups
	0.44

	[72]
	High antibiotic resistance - Multiple types of resistance bacterial infections
	Low antibiotic resistance - Multiple types of resistance bacterial infections
	ICU and hospital mortality, ICU and hospital LoS
	International
	Adults
	1265 ICUs from 75 countries
	Logistic regression with both matching and propensity score models for mortality, significance tests for LoS
	13796 total patients
	Resistance was not found to be associated with mortality in any of the models (p>0.3 for all), in-hospital mortality comparing high antibiotic resistance countries’ infected patients to low antibiotic resistance countries' patients was not significant [OR = 1.1 (95% CI; 0.77-1.58) p=0.606], countries with higher resistance versus countries with lower resistance did have significantly longer LoS outcomes (p<0.001)
	Missing data for some factors
	0.56

	[73]
	Carbapenem resistant community- and health care-associated P. aeruginosa bacteremia
	Carbapenem susceptible community- and health care-associated P. aeruginosa bacteremia
	30-day mortality
	USA
	All
	2 hospitals
	Cox regression hazard model
	150 isolate total, 13 carbapenem resistant
	Resistance was associated with a non-significant increase in 30-day mortality [HR=1.53, (95% CI;0.68-3.42),p=0.3]
	Retrospective nature and potential impact from confounding factors
	0.44

	[74]
	Carbapenem-resistant A. baumannii  colonization or infection
	Non-exposure hospital patients
	Mortality 
	Israel
	Adult patients
	Network of hospitals, outpatient clinics and long term care facilities
	Kaplan-Meier survival analysis and Cox proportional hazards model
	1190 resistant cases and 1190 controls
	Resistance was associated with increased mortality [HR = 2.33 (95 % CI; 2.08–2.6),p<0.001].
	Biases associated with matching technique
	0.89

	[75]
	Third-generation cephalosporin resistant Enterobacteriaceae community-onset bacteremia
	Non-exposure community-onset bacteremia
	7-day, 30-day related mortality 
	Spain
	All
	1 hospital
	Logistic regression
	44 third-generation cephalosporin resistant Enterobacteriaceae cases out of 745 total cases
	Third-generation cephalosporin resistant Enterobacteriaceae had the lowest 7-day mortality compared to all other microorganisms (p= 0.07) or to third-generation cephalosporin susceptible Enterobacteriaceae (p=0.08). For 30-day mortality third-generation cephalosporin resistant Enterobacteriaceae was seen as a protective factor [OR= 0.06, (95% CI; 0.01–0.77)]
	Single centre, small sample size and potential issues with case definition/exclusion
	0.78

	[76]
	Methicillin-resistant and third-generation cephalosporin resistant Enterobacteriaceae community-onset bacteremia
	Non-exposure community-onset bacteremia
	30-day mortality
	Spain
	>= 65 years old
	1 hospital
	Multivariate logistic regression
	Total sample was 2605, 52 MRSA cases and 166 third-generation cephalosporin resistant Enterobacteriaceae cases
	In the multivariable analysis; MRSA had OR= 2.83 (95% CI; 1.38-5.78) and third generation cephalosporin resistant Enterobacteriaceae cases had OR= 1.96 (95% CI; 1.16-3.32)
	Single centre, missing data on potentially important factors
	0.67

	[77]
	MRSA Ventilator Associated Pneumonia
	Non-exposure Ventilator Associated Pneumonia
	Ventilator days, ICU LoS, hospital LoS, and mortality
	USA
	All trauma patients
	1 specialist centre
	Significance tests for all outcomes except multivariate regression for mortality
	997 Ventilator Associated Pneumonia episodes, number of exposure cases unclear
	Resistance was not associated with different outcomes. Resistance was not an independent predictor of mortality [OR= 0.815, (p = 0.59)]. ICU LoS was 24 vs 23 days (p=0.804) and hospital LoS was 34 vs 35 days (p=0.756) for MRSA vs non-MRSA respectively
	Generalisability issue
	0.56

	[78]
	High vancomycin MICs in MRSA bacteraemia
	Low vancomycin MICs in MRSA bacteraemia
	28-day mortality
	UK
	All
	24 hospitals 
	Mixed-effects logistic regression models
	159 observations in analysis which we cite results from
	Death was not significantly associated with higher vancomycin MICs by either method tested, for one method OR = 1.19 [95% CI; 0.22 - 6.39] for 1.4 or 2 MIC compared to 1 MIC.
	Poor completion rate for some data
	0.78

	[79]
	Carbapenem resistant K. pnuemoniae (CRKP)
	Carbapenem susceptible K. pnuemoniae (CSKP)
	30-day crude mortality 
	Italy
	>= 18 years old
	10 hospitals
	Matched and Poisson regression
	49 CRKP cases & 49 CSKP cases
	Resistance was associated with 30-day mortality [matched IRR = 3.0 (95% CI; 1.3 - 7.1) p=0.012] 
	Small sample size, national generalisability issue, missing data on some factors
	0.67

	[80]
	Vancomycin resistant in MRSA bacteraemia
	Vancomycin susceptible in MRSA bacteraemia
	In-hospital mortality, MRSA bacteraemia related mortality, length of ICU stay, length of hospital stay
	Taiwan
	>=18 years old
	1 hospital
	Logistic regression for in-hospital mortality, significance tests for attributable mortality and LoS outcomes
	14 hVISA, 34 VSSA
	hVISA was not significantly associated with additional LoS [length of ICU stay after bacteraemia; 27.7 vs 31.5 mean days, p=0.629, hospital stay 32.6 vs 33.4 mean days (p=0.96) or attributable mortality (p=0.915) for sensitive vs resistant cases respectively]. hVISA was associated with in-hospital mortality [OR= 11.8 (95% CI; 1.1–126.99) p=0.042]. 
	Retrospective nature, single site and small sample size
	0.67

	[81]
	High imipenem MIC E. coli & K. pneumoniae 
	Low imipenem MIC E. coli & K. pneumoniae 
	30-day mortality
	Taiwan
	All
	1 hospital
	Significance test
	76 cases total
	There was no significant difference in the 30-day mortality rate between the group
with an imipenem MIC <= 1 mg/mL and the group with an imipenem MIC> 4 mg/mL (p = 0.852).
	No clear stated limitations
	0.44

	[82]
	MRSA colonization or infection
	Non-"MRSA colonization or infection" of the same health resource groups
	Direct costs - hygienic management costs, laboratory cost and indirect costs - opportunity costs
	Germany
	All
	1 hospital
	Modelling Study: Evidence synthesis & Stepwise calculations; internal evidence on financial & consumption data, also national reimbursement figures. Calculations applied based on cases seen at the hospital
	182 MRSA cases
	Additional LoS for MRSA cases was 2.46 days, compared with mean length of stay for the same group classification (as defined by resource usage group), resulting in an additional EUR 1,081.53 per case. In total, the opportunity costs were estimated to be EUR 6,717.44 per case. Overall, the MRSA-attributed costs were EUR 8,673.04.
	Retrospective, single centre, exclusion of certain costs (e.g. drug costs) and case definition bias (no difference between infected and colonized in study)
	0.48

	[83]
	Extended-spectrum cephalosporin–resistant Enterobacter species
	Extended-spectrum cephalosporin–susceptible Enterobacter species
	all-cause 30- day mortality 
	South Korea
	All cancer patients
	1 hospital
	Multivariate logistic regression=
	53 resistant cases, 192 total
	Resistance was slightly associated with mortality for the entire case group (OR 2.33: 95% CI; 0.95 - 5.74). In E. arogenes subgroup resistance was significantly associated with 30-day mortality (OR 5.92; 95% CI; 1.08 - 42.45)
	Retrospective nature and generalisability issue
	0.56

	[84]
	Healthcare acquired - Carbapenem-resistant K. pneumoniae  bacteremia
	Healthcare acquired - Carbapenem-susceptible K. pneumoniae  bacteremia
	30-day mortality
	Israel
	Adult patients
	1 hospital
	Logistic regression
	103 Cases, 214 controls
	Resistance was not a significant factor for mortality [OR = 1.9 (95% CI; 1.2-3.1), p=0.01 in univariate and not included in multivariate]
	Retrospective nature and other factors not included could be important
	0.78

	[85]
	MDR, XDR and pan-drug resistant A. baumannii  ventilator-associated pneumonia
	Drug-susceptible A. baumannii  ventilator-associated pneumonia
	30-day mortality
	Thailand
	Adult
	ICU in 1 hospital
	Cox proportional hazards regression
	72 MDR, 220 XDR, 12 PDR cases and 33 controls
	Resistance was found to not be significantly associated with mortality in the multivariate analysis. [MDR HR=1.03 (95% CI; 0.44-2.45),p=0.936, XDR HR = 1.64 (0.74-3.64), p=0.220, and pan-drug resistant HR = 1.41 (0.46 - 4.23), p=0.537]
	Single centre and some data incomplete
	0.67

	[86]
	community-acquired pneumonia (resistance to empirical antibiotic prescribed)
	community-acquired pneumonia (not resistant to empirical antibiotic prescribed)
	Mortality and LoS
	Nigeria
	>= 18 years old
	4 hospitals
	Logistic regression - but not clear, significance tests for LoS
	189 total cases analysed
	Ceftriaxone resistance was associated with higher mortality [OR =4.5, 95% CI (1.3 – 18.6), p =0.01] and ciprofloxacin resistance was also significantly associated with mortality [OR =2.9, 95% CI (1.1 – 6.5), p= 0.04]. Among the survivors, resistance to coamoxiclav (12.7 (+/-5.1) vs 10.0(+/-3.6) days, p=0.001), ceftriaxone (12.4( +/- 5.0) vs 9.6 (+/-3.7) days, p=0.0006) and ciprofloxacin (12.0 (+/-4.9) vs 10.2  (+/-3.9) days, p =0.001) had a significant impact on LoS.
	Retrospective nature and potential issues with testing
	0.67

	[87]
	Levofloxacin resistance Streptococcus pneumoniae pneumococcal infections
	Levofloxacin susceptible Streptococcus pneumoniae pneumococcal infections
	Mortality
	Spain
	All
	1 hospital
	Univariate analysis 
	20 resistant cases 102 controls
	Mortality not significantly associated with infection caused resistant vs susceptible cases (p=0.092)
	None clearly stated 
	0.44

	[88]
	MRSA colonization or infection
	MRSA negative
	Main outcome is LoS, other clinical outcomes include admission to ICU, median LoS in ICU, death and more specific outcomes such as total number of grafting procedures
	Australia
	All burn patients
	1 hospital
	Significance tests and linear regression model for LoS factors
	57 MRSA positive cases and 300 MRSA negative controls
	Resistance was related significantly to all outcomes (p<0.001), apart from death (in which no MRSA positive patients died, p=0.60).  MRSA was significantly associated with LoS in the regression analysis [6.0 additional days (95%CI 2.39–9.6), p = 0.001]
	Potential bias with case definition (colonisation vs infection)
	0.56

	[89]
	MDR Gram-negative BSI
	Non-MDR Gram-negative BSI
	All-cause mortality and sepsis-related mortality
	Hungary
	<18 years old
	6 hospitals
	Logistic regression
	45 MDR cases, 134 total 
	Multidrug resistance was not significantly associated with all-cause or sepsis-related mortality (p=0.16)
	Heterogeneity of samples and sites, missing data on potential factors
	0.67

	[90]
	Linezolid resistant Enterococci infection
	Linezolid susceptible Enterococci infection
	In-hospital mortality
	China
	All
	1 hospital
	Univariate OR calculation
	44 non-susceptible cases vs 44 susceptible cases
	For non-susceptible vs susceptible cases the OR of in-hospital mortality was 1.54 (95% CI; 0.24-9.68) p>= .999 
	Retrospective cohort study with small sample size and no-molecular level resistance found
	0.56

	[91]
	MRSA BSI
	Non-"MRSA BSI"
	Direct medical cost
	South Korea
	Adult patients
	8 hospitals
	Stepwise calculations - Direct medical costs from patient records, applied to unit costs from insurance literature (including cost of drugs, tests and procedures)
	335 MRSA BSI patients
	Cost per MRSA patient was estimated as South Korean Won 5,435,361 (US$4,906)
	Not internationally generalizable and potentially other influencing factors
	0.56

	[92]
	Levofloxacin resistant community-onset invasive pneumococcal infections
	Levofloxacin susceptible community-onset invasive pneumococcal infections
	30-day mortality
	International (Asia)
	All
	International regional network
	Logistic regression
	136 invasive pneumococcal infection cases in total
	Levofloxacin resistance was significantly associated with 30-day mortality [OR= 14.33 (95% CI; 1.01–203.93), p= 0.049]
	Retrospective nature, small sample size for further investigation, potentially other important factors
	0.56

	[93]
	MDR Salmonella meningitis
	Non-MDR Salmonella meningitis
	Mortality
	South Africa
	All (who had HIV status recorded)
	National surveillance network
	Multivariate logistic regression (forward stepwise selection)
	49 MDR cases, 86 non-MDR cases
	MDR was not significantly associated with mortality [OR= 0.6 (95% CI; 0.1-5.5, p=0.648].
	Missing data for patients
	0.67

	[94]
	ESBL producing E. coli & K. pneumoniae  bacteraemia
	ESBL-negative E. coli & K. pneumoniae  bacteraemia
	7-day and 30-day mortality
	South Korea
	>=16 years old
	1 hospital
	Logistic regression for 30-day mortality, significance tests for 7-day
	26 ESBL-producing cases, 75 non-ESBL producing controls
	From the logistic regression ESBL production was not significantly associated with 30-day mortality [OR= 3.221 (95% CI; 0.745 - 12.3982) p=0.117]
	Single centre, small sample size, did not perform microbiologic analysis
	0.67

	[95]
	Methicillin-resistant and methicillin-susceptible  Staphylococcus aureus  bacteraemia (hospital-onset)
	Non-nosocomial infection
	Mortality (at 12 weeks), excess cost (direct medical and societal (included cost to caregivers and lost productivity)) and excess length of stay. 
	South Korea
	Adult patients
	National network (hospitals with over 500 beds)
	Matching
	133 resistant cases matched to 133 controls and 57 susceptible cases matched to 57 controls
	Mortality was not significantly different between MSSA and controls (p<0.052), but was for MRSA compared to controls (p<0.001). The additional medical cost for one case of MRSA was $11,259 in the survivor group and $14,772in the non-survivor group, for MSSA cases these estimates were $4,797 in and $408 respectively. Excess economic burden per case of nosocomial MRSA case was US $20,494 and $6,914 for MSSA case. Comparing median length of stay with controls gave 38.5 (IQR; 26.8) days for MRSA and 25.8 (IQR; 28.0) days for controls (p<0.001). Costs in 2011 USD.
	Small sampling period and potential bias in site selection
	0.78

	[96]
	ESBL-producing and extended-spectrum cephalosporin (ESC) resistant Enterobacteriaceae BSIs
	ESBL-negative and/or extended-spectrum cephalosporin-susceptible Enterobacteriaceae BSIs
	30-day mortality
	Korea
	Cancer patients
	1 hospital
	Logistic regression
	31 ESBL positive cases, 100 ESC sensitive/ESBL negative cases, 72 ESC-resistant/ESBL negative cases
	ESBL production and ESC was not significant in univariate analysis and was not included in the logistic regression
	Single centre, potential testing issues and combining adult and paediatric cases
	0.56

	[97]
	ESBL-producing E. coli & K. pnuemoniae spontaneous bacterial peritonitis
	ESBL-negative E. coli & K. pnuemoniae spontaneous bacterial peritonitis
	30-day mortality
	South Korea
	All
	1 hospital
	Cox proportional hazard regression
	52 ESBL-producing cases and 179 non-ESBL-producing cases
	ESBL-production was significantly associated with 30-day mortality [HR=1.82 (95% CI; 1.002–3.31) p=0.049]
	Misses potentially important co-founders and does not estimate attributable mortality
	0.67

	[98]
	MRSA Cardiac Implanted Electronic Device-Related Infective Endocarditis
	Non-"MRSA" Cardiac Implanted Electronic Device-Related Infective Endocarditis
	Mortality
	USA
	Post-cardiac implant
	1 hospital
	Kaplan-Meier and logistic regression for odds ratios
	29 MRSA cases, 80 total cases
	MRSA was associated with mortality (p<0.001) in the survival analysis, the logistic regression found MRSA to be an independent predictor of mortality [OR=0.158 (95% CI; 0.047–0.534) p = 0.003]
	Retrospective and single centre
	0.78

	[99]
	Community associated-MRSA bone and joint infection
	Community associated-MSSA bone and joint infection
	Clinical outcome (e.g. C-reactive protein value), LoS and antibiotic course
	India
	<18 years old
	1 hospital
	Multivariate logistic regression
	41 resistant cases, 33 susceptible cases
	Resistance was significantly associated with worse clinical values [C-reactive protein values; p=0.006], longer LoS [16.6 vs 10.5 mean days, p=0.000] and length of antibiotic course [p=0.000]
	Retrospective nature, small sample and case definition issue (community associated vs hospital associated hard to define)
	0.67

	[100]
	XDR/MDR A. baumannii  infection
	Susceptible A. baumannii  infection
	30-day mortality
	USA
	Adult post abdominal solid organ transplant (SOT) patients
	1 hospital 
	Variable significance tests and binary logistic regression. 
	Multidrug-resistant A. baumannii - 28 and XDR-A. baumannii  -7  cases, 33 SOT recipients during the study period with A. baumannii infection.
	XDR was associated with a greater risk of death [(OR=7.0 ( 95% CI 1.1–44.1), p = 0.047)]
	Small sample size and incomplete data (on antimicrobial dosing)
	0.44

	[101]
	Resistance in multiple species - 3 bacteria & 3 other microbes
	Less resistance (different scenarios provided)
	Monetary cost and proportion of GDP loss
	Global
	All
	Surveillance, literature, expert opinion
	Modelling Study: Productivity was modelled using a Total Factor Productivity (TFP) model
	N/A
	In a scenario with 100% resistance rates, world GDP is projected to be 3.4% lower by 2050 than if there were no resistance. Low-income countries are expected to have the biggest decline, Africa is projected to be the most hit region. The most severe scenario (doubling of current infection rates for the three bacteria, HIV and Tuberculosis, and 100% resistance rate in all countries) is projected to see world GDP over 14,228,000,000,000 USD lower in 2050, with world output projected to be just over 6% lower by 2050 also.
	Only a certain number of diseases and only looking at impact on GDP, 'secondary' health care costs not included. Other economic relationships such as trade and cross border transit patterns were not accounted for. Data limitations, particular lack for infection rates in low- and middle-income countries.                                                                               Future AMR scenarios used assumed no further development of new anti-microbial drugs.
	0.42

	[102]
	Nalidix, ceftriaxone and multidrug resistant nontyphoidal salmonella infection
	Non-exposure nontyphoidal salmonella infection
	Death, LoS > 3 days and clinical outcomes such as diarrhoea
	USA
	All
	National surveillance system
	Significance tests with group comparison adjustment
	875 total patients
	Risk of a hospital stay greater than 3 days was 2 times higher (95% CI 1.3–3.0) for patients with infections resistant to 5 antimicrobial classes, 1.7 times higher (95% CI 1.1–2.7) for those resistant to at least ampicillin, chloramphenicol, streptomycin, sulfisoxazole, and tetracycline ACSSuT, and 1.9 times higher (95% CI 1.2–3.2) for ACSSuT-only resistance. Only 1 patient died so there are no results presented on risk of death. 
	Small sample size for resistant cases and missing data on potentially important factors
	0.78

	[103]
	Carbapenem-resistant A. baumannii BSI
	Carbapenem-susceptible A. baumannii  BSI
	All-cause mortality
	India
	Neonate patients
	1 hospital
	Significance test
	33 resistant cases, 32 susceptible cases
	All-cause mortality rate was 27.3% for resistant cases vs 9.4% for susceptible cases, but not statistically significant (p = 0.074).
	Retrospective nature and missing data on a potentially important factor
	0.44

	[104]
	Sulbactam non-susceptible Acinetobacter nosocomialis bacteremia
	Sulbactam susceptible A. nosocomialis bacteremia
	14-day mortality
	Taiwan
	>=18 years old
	1 hospital
	Significance test
	41 resistant cases and 226 susceptible cases
	The 14-day mortality was higher in patients with non-susceptible cases of A. nosocomialis bacteraemia (17.1% vs. 7.5%, p=0.049)
	Retrospective and single centre
	0.44

	[105]
	Carbapenem resistant Gram-negative culture
	Carbapenem susceptible Gram-negative culture
	All-cause mortality 90 days post transplantation
	Italy
	>=18 years old
	44 transplant units
	Time-adjusted and multivariate mixed-effects Poisson regression model
	45 resistant cases, 136 susceptible cases
	Carbapenem resistance was significantly associated with mortality [IRR= 10.23(95% CI; 4.69–22.31), p<0.001]
	National surveillance data, heterogeneity in labs, missing data on potentially important factors
	0.78

	[106]
	Community associated-MRSA 
	No "community associated-MRSA"
	Third-party payer and productivity cost (including from caregivers)
	USA
	Adult
	Literature
	Modelling Study: Decision Tree Model
	N/A
	Third-party payer costs of up to $478 million- $2.2 billion and economic costs of up to $1.4–$13.8 billion annually
	General limitations associated with model assumptions and parameter values used
	0.61

	[107]
	Imipenem-resistant A. baumannii  complex bactereamia
	Imipenem-susceptible A. baumannii  complex bactereamia
	30-day mortality
	Taiwan
	>=18
	1 hospital
	Logistic regression and Kaplan-Meier analysis
	298 total ACB cases, 73 imipenem resistant cases
	Patients with imipenem resistant infections had a higher 30-day mortality rate (70.0%) than those infected by imipenem sensitive (24.5%) (p < 0.001)
	No clear stated limitations
	0.56

	[108]
	Community-acquired MRSA bacteraemia
	Community-acquired MSSA bacteraemia
	Mortality and LoS
	South Korea
	>16 years old
	1 hospital
	Significance tests
	31 MRSA cases and 138 MSSA cases
	MRSA was associated with additional hospital stay; median days (IQR) 47 (19–87) for MRSA and 24 (14–44.5) for MSSA, p= 0.004
MRSA was not associated with overall death, for 30 day mortality OR= 0.43 (95% CI; 0.10–1.96) p=0.37.
MRSA was not associated with SAB-related death, for 30 day mortality OR= 0.32 (95% CI; 0.04–2.55) p=0.47.
	Retrospective, single centre and small sample size
	0.44

	[109]
	Imipenem-resistant A. baumannii  ST455 causing bloodstream infections
	Imipenem-susceptible  A. baumannii   ST455 causing bloodstream infections
	30-day mortality, attributable mortality
	Taiwan
	>=18 years old
	1 hospital
	Logistic regression for 30-day mortality, backward root analysis for attributable mortality
	189 MRSA cases, 151 vancomycin MIC>=1.5, 163 teicoplanin MIC>=2, 138 daptomycin MIC>=0.38, 121 linezolid MIC>=1.5 cases
	For the 30-day mortality model, vancomycin MIC>= 2 was significantly associated with mortality (p<0.001), in the multivariate analysis p=0.004 [OR = 3.49 (95% CI; 1.50–8.14) p=0.004]. In the attributable mortality model, higher vancomycin, teicoplanin and daptomycin MICs were associated with higher mortality (p=0.003, p=0.005, p=0.012 respectively)
	Not clearly stated
	0.78

	[110]
	MRSA bacteraemia - vancomycin, teicoplanin, daptomycin high MICs
	MRSA bacteraemia - vancomycin, teicoplanin, daptomycin low MICs
	Attributable mortality
	Taiwan
	ICU adult patients
	1 ICU
	Significance tests (for our results of interest - though not clear)
	39 resistant cases, 13 susceptible cases
	Imipenem-resistant A. baumanniii bacteremia was significantly associated with higher mortality than those with susceptible bacteremia (p= 0.009).
	Not clearly stated
	0.33

	[111]
	MDR pneumonia (multiple species)
	Non-MDR pneumonia
	ICU mortality, ICU LoS and other clinical outcomes
	South Korea
	All
	1 hospital
	Cox proportional hazards, regression for mortality and univariate analysis for LoS
	22 MDR cases and 102 total
	MDR was not significantly associated with mortality, OR=1.39(95% CI; 0.68-2.84, p=0.365). MDR was not significantly associated with LoS with a mean of 18 where MDR not present and 11.8 where MDR present (p=0.308)
	Single centre, retrospective, missing data on potential confounding factors (antimicrobial therapy)
	0.67

	[112]
	ESBL-producing E. coli bloodstream infection
	ESBL-negative E. coli bloodstream infection
	Mortality
	Germany
	All
	1 hospital
	Multivariate logistic regression
	115 ESBL-positive cases and 983 ESBL-negative cases
	ESBL not significant in multivariate analysis (results not presented)
	Missing information on potentially important factors
	0.67

	[113]
	ESBL-producing E. coli bacteraemia
	ESBL-negative E. coli bacteraemia
	In-hospital Mortality, Hospital cost and length of stay
	Germany
	All
	1 hospital
	Linear regression for health system outcomes and significance tests for mortality
	66 ESBL-producing cases out of 352 Klebsiella pnuemoniae cases, 178 ESBL-producing cases out of 1,499 Eschericia coli cases. 
	For total hospital cost; K. pneumoniae ESBL-negative was the reference point, K. pneumoniae ESBL-positive multiplicative effect (ME)= 2.21 (95% CI; 1.63–2.98) p=0.001, E. coli ESBL-positive ME=1.11 (0.9–1.36) p= 0.345, E. coli ESBL-negative ME=0.79 (0.69–0.92) p=0.002.  For total length of stay; K. pneumoniae ESBL-negative was the reference point, K. pneumoniae ESBL-positive ME = 1.86 (95% CI; 1.46–2.37) p=0.001, E. coli ESBL-positive ME= 1.07 (95% CI; 0.9–1.27) p=0.460 and E. coli ESBL-negative ME=0.83 (0.74–0.93) p=0.002. Significant impact of ESBL+ on mortality (p=0.006)
	Retrospective, did not adjust for surviving patients, missing potentially important factors and did not evaluate possible interaction between predictor variables.
	0.63

	[114]
	ESBL-producing K. pneumoniae  & E. coli
	ESBL-negative K. pneumoniae  & E. coli
	Mortality, hospital cost and LoS
	Germany
	All
	1 hospital
	Matching
	115 ESBL-positive and 983 ESBL-negative cases
	After matching for confounders, there were no significant differences in any outcomes - total hospital costs (15 082 vs. 16561 EUR; p = 0.359), total LoS (22 days vs. 28 median days; p = 0.390) or mortality (20.7% vs. 20.7%; p = 1.000)
	Single centre and missing data on potentially important factors
	0.56

	[115]
	Carbapenem resistant A. baumannii 
	Carbapenem susceptible A. baumannii 
	30-day mortality, ICU and hospital LoS, hospital cost (including days, fees, procedures, tests and drugs - unit cost applied per patient)
	Columbia
	Adult patients
	ICUs in 3 hospitals
	Cox proportional hazards regression for mortality and generalized linear models for LoS and cost
	104 cases, 165 total
	Resistance was not significantly associated with 30-day mortality [HR =1.45 (95% CI; 0.74–2.87), p=0.28] or LoS [adjusted mean days 19.3 vs 16.2, p=0.548] but was associated with increased costs [11359 vs 7049 USD, p<0.001] for resistant vs susceptible respectively
	Small sample size and potentially other influencing factors
	0.56

	[116]
	Drug resistant HIV
	Drug susceptible HIV
	Mortality
	China
	>= 18 years old
	4 counties/provinces 
	Kaplan-Meier and Cox proportional hazards regression for mortality. Significance tests for LoS
	Drug-resistant mutations were found in 235 out of 365 total cases
	Drug resistance in the first year of HIV drug resistance was significantly associated with a higher probability of death than drug resistance beyond the first year (p= 0.002). Cox proportional hazards modelling: death was significantly associated with drug resistance [HR= 1.9 (95% CI; 1.2–3.1) p = 0.046]. 
	Generalisability issue and missing data (initial baseline data for some patients)
	0.78

	[117]
	General resistance in bacterial infections
	General susceptible in bacterial infections
	Mortality and repeat surgery and limb amputation
	Brazil
	All patient who had undergone peripheral artery revascularization surgery 
	1 hospital (Not specified)
	Kaplan-Meier survival analysis and Cox multiple regression (Wald method)
	46 resistant cases and 24 non-resistant
	Resistance was not significantly associated with mortality (no factor found to be significant with p<0.05). With the Kaplan-Meier analysis comparing resistant to non-resistant strains also showed resistance was not significantly associated with survival (p=0.652)
	Small sample size and potential bias with case definition/exclusion criteria
	0.78

	[118]
	XDR P. aeruginosa 
	Colonization and/or infection by a non-gram-negative pathogen or no infection
	Infection-related mortality & LoS
	Singapore
	>16 year olds with hematologic malignancies
	1 hospital
	Matching & Significance tests
	26 cases and 53 controls (controls did not have a gram negative bacilli infection)
	The infection-attributed mortality of the cases during the study period was 53% (14 cases), being statistically significant (p <0 .01). Median duration of hospitalization was 41 days (range, 19-83 days) in cases after infection isolation and 28 days (range, 5-97 days) in controls (p<0.01)
	Single centre, retrospective, small sample size, potential colonisation in controls
	0.44

	[119]
	Carbapenem resistant P. aeruginosa 
	Carbapenem susceptible P. aeruginosa 
	All-cause in-hospital mortality
	Taiwan
	All
	National surveillance system - 26 hospitals
	Matching and logistic regression
	82 resistant cases and 82 controls
	Resistance was not associated with mortality (not included in regression analysis)
	Retrospective, small sample size to investigate further factors and potential generalisability issues internationally
	0.67

	[120]
	MRSA (septic) arthritis
	MSSA (septic) arthritis
	In-hospital all-cause mortality
	Taiwan
	All
	2 hospitals
	Significance test
	38 MRSA cases, 55 MSSA cases
	Resistance was not significantly associated with mortality (p=0.67)
	Small sample size, retrospective nature, issue of generalisability, not attributable mortality investigated
	0.44

	[121]
	Vancomycin-resistant enterococci colonisations and infections 
	Non-exposure patients in hospital
	Attributable (healthcare) cost and attributable LoS (after onset)
	Canada
	>=18 years old
	1 hospital
	Generalized linear modelling  approach for associations with both outcomes (patient costs were provided by the finance records)
	217 VRE cases and 1075 non-VRE controls
	VRE was a significant independent variable for total cost (p<0.01), estimating the attributable cost of VRE to be $17,949 (Canadian dollars)[95% CI; 13,949-21,464] and also estimating an average of 13.8 additional days [95% CI; 10.0 - 16.9]. There was no statistically significant difference in the attributable cost of VRE between patients with infections and patients with colonisations (data not shown).
	Potential confounding factors not included, the endogenous variable bias arising from the relationship between VRE and LoS, a relatively small sample size and not including societal costs
	0.56

	[122] †
	KPC-2-producing K. pneumoniae  infection (post-colonization)
	Non KPC-2-producing patients
	Mortality
	Germany
	All
	1 hospital
	Significance tests
	9  KPC-2-producing cases, 18 controls
	Hospital mortality was higher in the cases [78 % (KPC-2-KP cases) vs. 11 % (controls); p=0.001], LoS was also significantly higher (60  vs.  32 days; p=0.035).  Relative risk of mortality for cases was 7.0 (95 % CI; 1.8–27.1).
	Missing potentially important factors for analysis, potential confounding with excess mortality
	0.44

	[123]
	Artemisinin resistant malaria
	No resistance
	Excess mortality, excess cost of treatment and productivity loss (GDP per capita). 
	International (Malaria-endemic countries)
	All
	surveillance, literature
	Modelling Study: Decision Tree Model
	N/A
	Annual excess of 116,000 deaths in the widespread resistance scenario, with excess treatment costs of US$32 million per year and excess productivity losses resulting  estimated at US$385 million for each year in which failing artemisinin-based combination therapy is used as first-line treatment. Costs in 2013 USD
	Limited scope in terms of costs included and assumptions about transmission/treatment failure (including static nature)
	0.44

	[124]
	Healthcare-acquired infections with MBL- producing P. aeruginosa 
	Healthcare-acquired infections with non-"MBL" P. aeruginosa 
	Death, death related to infection, LoS to death and LoS until discharge
	Brazil
	All
	1 hospital
	Significance tests
	58 MBL- P. aeruginosa cases and 26 non-MBL- P. aeruginosa cases
	MBL- P. aeruginosa cases had a faster progression to death (p=0.04), there was no significant association with LoS until discharge (p=0.32), death related to infection (p=0.24) or death (p=0.24) 
	Retrospective nature and sample size for controls
	0.44

	[125] 
	Healthcare associated MRSA 
	Non "MRSA" patients
	Excess LoS and hospital cost
	Switzerland
	Adult patients
	1 hospital
	Multistate modelling and Cox proportional hazards for excess LoS. Applying unit cost to difference in LoS and also comparison of observed cost
	167 MRSA-infected,
115 MRSA-colonised but uninfected, and 25,766 MRSA-free
	Excess LOS attributable to MRSA infection was 11.5 [95% confidence interval (CI): 7.9-15] or 15.3 days according to multistate modelling and matched analysis, respectively. The likelihood of discharge after MRSA infection was significantly less [HR = 0.69 (95% CI: 0.59-0.81)].  MRSA infection resulted in an additional cost of about 800 Swiss francs per day.
	Costing method limitations (DRG system has inherent limitations and costing of LoS was for whole episode)
	0.67

	[126]
	ESBL-producing E. coli and Klebsiella species Urinary Tract Infections
	ESBL-negative E. coli and Klebsiella species Urinary Tract Infections
	Median LoS, median cost, hospital monetary loss and infection-related mortality
	USA
	>= 18 years old
	1 hospital
	Significance tests
	55 cases (ESBL-E. coli or Klebsiella infections) and 55 controls (non ESBL-E. coli or Klebsiella infections)
	No significant differences were found in infection-related mortality rates (p=0.37), median LoS was significantly longer (6 days (IQR; 4–8) vs 4 days (IQR; 3–6) p=0.02), as was total hospital cost 10,741 USD (IQR; 6846–15,819) vs 7,083 USD (IQR; 5667–11,652) p=0.02. Median differences in cost and reimbursement between ESBL-producers vs non–ESBL-producers were 3658 USD (p=0.02) and 469 USD (p=0.56), median loss per patient with ESBL-E. coli or Klebsiella infection was 3189 USD (2011-2012 USD)
	Only one time period studied and potentially missing out important factors for outcomes such as LoS 
	0.56

	[127]
	MRSA bacteremia
	MSSA bacteremia
	30-day and 90-day mortality (methicillin resistant)
	USA
	Adult
	1 hospital
	Logistic regression
	15 MRSA cases, 21 MSSA cases
	No significant difference in either outcome; for 30-day mortality OR=0.62(95% CI; 0.15-2.61) p=0.52, for 90-day mortality OR=0.51 (95% CI; 0.12 - 2.14), p=0.36
	Single centre, potential testing issues and retrospective nature
	0.56

	[128]
	S. aureus Heterogeneous intermediate resistance to vancomycin (hVISA)  infectious endocarditis (IE) 
	MRSA infectious endocarditis infectious endocarditis (IE) 
	Mortality
	Israel
	All
	1 hospital
	Kalplan-Meier analysis to compare survival and significance tests
	14 hVISA IE cases, 32 MRSA IE controls
	Both groups were associated with high mortality but there was not a significant difference between groups (p=0.6)
	Small sample size, retrospective nature and potential impact of other factors
	0.44

	[129] †
	Resistant BSI
	Susceptible BSI
	48 hour fatality rate and 30-day case fatality rate
	Spain
	All patients with a solid tumour
	1 specialist centre
	Stepwise Logistic regression
	489 BSI episodes investigated -  61 MDR organisms, mostly ESBL-producing
Enterobacteriaceae (n = 20), AMP-C-producing
Enterobacteriaceae (n = 13), MRSA (n = 7), MDR P. aeruginosa
(n = 5), S. maltophilia (n = 1), and A. baumanniii (n = 1)
	Resistance was not an independent risk factor for mortality - MDR Gram positive and Gram negative bacilli had a p value = 0.22 in the univariate analysis and was not included in the multivariate analysis
	Single centre and case definition
	0.78

	[130]
	3GC resistant E. coli and K. pneumoniae  nosocomial bloodstream infections
	3GC susceptible E. coli and K. pneumoniae  bloodstream infections
	7-day and 28-day mortality
	Finland
	All patients
	4-17 hospitals over time
	Significance tests
	182 3GC resistant and 2,035 susceptible E. coli bloodstream infections, 25 3GC resistant and 636 susceptible Klebsiella pnuemoniae bloodstream infections
	Resistance was not significantly associated with increased mortality rates (p>0.05)
	Unstable sample over the study period and missing data on potentially important factors such as antibiotic usage and previous healthcare contact.
	0.44

	[131]
	Resistant community acquired respiratory tract, urinary tract or skin and soft tissue infections
	Susceptible community acquired respiratory tract, urinary tract or skin and soft tissue infections
	30-day mortality
	England
	>64 years old
	1 hospital and local health board records
	Logistic regression
	161 total cases, 12 resistant Gram negative infections, 24 infections with any resistant organism
	Resistance was not significantly associated with mortality [OR = 2.10 (95% CI; 0.26 - 16.77), p = 0.486]
	Retrospective nature, data limitations, small sample size and potential important factors missing
	0.67

	[132]
	Hospital-acquired bacteremia (MDR or partial resistance multiple species)
	Susceptible hospital-acquired bacteremia
	7-day all-cause mortality
	England
	All inpatients
	1 hospital trust
	Multivariate logistic regression analysis (variables chosen by univariate analysis significance)
	559 cases in total
	Partial resistance and MDR were not found to be significantly associated with 7-day mortality [OR = 1.11 (95% CI; 0.67 to 1.81), p=0.690 and OR= 1.54 (95% CI; 0.94 to 2.54), p=0.090 respectively] - but neither were included in the multivariate analysis and therefore no ORs presented
	Case definition limitations (not including healthcare-associated), missing information (on treatment), outcome assumptions (discharged meant survival for 7 days post-discharge) and all-cause mortality was used
	0.44

	[133]
	MDR P. aeruginosa  healthcare associated pneumonia
	Non-MDR P. aeruginosa  healthcare associated pneumonia
	In-hospital mortality
	International (Europe & US)
	>=18 years old
	12 hospitals (5 countries)
	Cox proportional hazards model
	226 MDR cases, 514 non-MDR cases
	MDR was significantly associated with mortality [HR = 1.39 (95% CI; 1.05, 1.83) p=0.021]
	Retrospective nature, case definition (heterogeneity in laboratories) and use of hospital mortality rather than other outcome measures
	0.56

	[134]
	MDR P. aeruginosa  Nosocomial Pneumonia
	Non-"MDR" P. aeruginosa  Nosocomial Pneumonia
	In-hospital mortality
	International (United States, France, Germany, Italy and Spain)
	Adult patients
	International network
	Logistic regression
	50 cases were MDR, 162 total
	MDR was significantly associated with mortality [OR=5.50 (95% CI; 3.56–8.51), p <0.001]
	Selection bias, case definition heterogeneity and missing information on potentially important factors
	0.56

	[135]
	Fluconazole resistant Gram-negative rod bacteraemia
	Fluconazole susceptible Gram-negative rod bacteraemia
	30-day all-cause cumulative mortality (& risk of death)
	USA
	>= 18 year old hematopoietic cell transplant patients
	1 cancer centre
	Kaplan-Meier survival analysis and Cox proportional hazards
	88 resistant cases, 167 susceptible cases, 25 no resistance data
	Resistance was significantly associated with mortality (p=0.018) and increased risk of death (HR 2.11 (1.06 - 4.23))
	Retrospective and observational nature, missing data on potential factors, generalisability
	0.56

	[136]
	MDR tuberculosis
	Non-MDR tuberculosis
	Treatment costs (infrastructure, wages, services consumed), hospital LoS, number of specialised visits and tests
	Latvia
	>=18 years old
	National control programme and administrative records
	Multivariate regression analysis
	92 MDR-TB, 54 non MDR-TB
	MDR-TB cases were estimated to have an additional 18,729 USD in inpatient treatment costs, 2,199 USD additional prescription medication costs and 21,520 USD total costs (p<0.001)  [2002 USD] compared to non-MDR TB patients. It was estimated that MDR TB patients had significantly increased hospital LoS (475.3 vs. 110.2, p-value<0.001) compared to non MDR-TB patients
	Relatively small sample size, potential ascertainment bias amongst control, cross-sectional data and health-system cost only
	0.56

	[5]
	MDR tuberculosis
	Not applicable
	Patient perceived socio-economic cost
	Mexico
	Adult patients recently completed treatment
	Local programme
	Qualitative study: Structured interviews and qualitative analysis
	20 study participants included
	MDR-TB impacted individual socio-economic burden [majority of participants reported reductions in salary after MDR-TB illness]
	Generalisability issue and recall bias
	N/A

	[137]
	Healthcare associated MRSA infections
	No MRSA infection inpatient
	Length of stay and costs (Fixed and variable inpatient costs, assumed 2010 USD)
	USA
	Veteran Affairs patients
	National network
	Generalized linear modelling - "conventional costing method", "post-HAI method") & “Matching method” (whereby timing of MRSA HAIs was accounted for by propensity score matching separately for each day of the hospital stay)
	For the conventional costing method; 382,812 non-MRSA cases and 3,982 MRSA cases. For the post-HAI method; 121,428 non-MRSA cases, 92 MRSA cases. For the matching method; 10,120 non-MRSA cases and 2,872 MRSA cases
	Excess length of stay estimates were 17.64 (95% CI; 17.58-17.71, p< 0.0001) days, 11.43 (95% CI; 10.44- 12.43, p < 0.0001) days and 13.97 (95% CI; 10.49-17.44,p < 0.0001) days for the conventional, post-HAI and matching methods respectively. Excess total inpatient cost estimates were $31,570 (95% CI; $30,074 - $33,067, p < 0.0001), $24,015 (95% CI;  $10,882 - $37,149,p < 0.0001) and $26,855 (95% CI; $22,583 - $31,126, p < 0.0001) respectively (assumed 2010 USD)
	Selection bias and generalisability
	1.00

	[138]
	Healthcare associated MRSA infections
	Non-“ Healthcare associated MRSA infections”  patients
	Post-discharge healthcare costs and Utilization (readmission, antibiotic usage and hospital days), 365-day follow up
	USA
	Veteran Affairs patients
	National network
	Matching (propensity score) & multivariable regression (generalized linear model for cost, logistic and binomial for utilisation)
	3,592 MRSA cases and 3,592 matched controls
	Positive MRSA culture was significantly associated increased inpatient costs of $12,167 (p <0 .0001). Positive MRSA culture was significantly associated with a 13.8% increase in number of prescriptions (p <0.0001), a 39.6% increased odds of having a readmission (Pp<0 .0001), and 20.4% more inpatient days (p <0 .0001) (costs in 2013 USD)
	Generalisability and focus on colonisation not infection
	0.89

	[139]
	Healthcare-associated MRSA colonisation and infections
	Non-"Healthcare-associated MRSA colonisation and infections"
	Post-discharge mortality (post-discharge 365 day mortality)
	USA
	Veteran Affairs patients
	National network
	Cox proportional hazards & propensity score matching
	"In the ""full cohort""; No positive MRSA culture - 366,144, Positive MRSA culture - 3,599. In the ""matched"" cohort; No positive MRSA culture- 3,592 and positive MRSA
	MRSA infection had a significant impact on post-discharge mortality (for the full cohort HR = 1.489, 95% CI; 1.261 - 1.758, p =0<.0001, for the matched cohort HR = 1.464, 95% CI; 1.212 - 1.769, p <.0001). 

	Using secondary data, potentially not accounting for time-dependent confounding, a specific patient population  was utilised and potential issues with case definitions 
	1.00

	[140]
	Carbapenem resistant nonbacteremic K. pneumoniae infections (pneumonia and UTI)
	non-carbapenem-resistant, non-ESBL-producing  nonbacteremic K. pneumoniae infections (pneumonia and UTI)
	In-hospital mortality, 90-day mortality, 30-day readmission
	USA
	Adult patients
	1 hospital
	Variable significance tests
	48 resistant cases and 48 controls
	Resistance had a non-significant and positive impact on in-hospital mortality (14% vs 10%; p =0.76), 90-day mortality (24% vs 14%; p=0.31) and 30-day readmissions (32% vs 19%; p = 0.21). 
	Small sample size
	0.56

	[141]
	Methicillin-resistant staphylococci infections
	Methicillin-susceptible staphylococci infections
	In-hospital mortality
	Japan
	Patients who have undergone hepatectomy and then paracentesis for postoperative ascites 
	1 hospital
	Cox proportional hazards model
	13 methicillin-resistant staphylococci positive cases and 61 negative cases
	Methicillin-resistant staphylococci was found to be a significant risk factor for hospital mortality in the multivariate analysis; HR=5.076 (95% CI; 1.07-24.39) p=0.041.
	Only patients who had undergone paracentesis were included and false-negative results of bacterial peritonitis
	0.67

	[142]
	ESBL-producing Enterobacter bacteraemia
	ESBL-negative Enterobacter bacteraemia
	Mortality, related mortality and LoS
	Brazil
	All
	1 hospital
	Significance tests - not clear
	41 ESBL-positive cases, 164 ESBL-negative cases
	There was no significant difference in mortality between groups. There was a longer LoS for ESBL-positive cases but unclear if significant from study reporting
	Not explicitly outlined
	0.44

	[143] †
	Carbapenem resistance K. pneumoniae infection and colonization
	Non-"Carbapenem resistance K. pneumoniae" patients
	Mean LoS, hospital mortality
	Italy
	Elderly
	1 hospital
	Variable significance tests
	133 resistant cases, 400 controls
	Resistance was related to increased length of hospital stay (35 days (+/- 24) vs 18 days (+/- 12), p<0.001) but not significantly related to mortality rate (21% vs 15% , p=0.08)
	Seasonality not taken into account
	0.56

	[144] 
	Capromycin resistant XDR tuberculosis
	Capromycin susceptible XDR tuberculosis
	Mortality and culture conversion
	South Africa
	All
	1 hospital
	Kaplan-Meier survival analysis
	47 capreomycin resistant cases of 52 that were genotyped
	Resistance was not significantly associated with mortality (p=0.0573) or culture conversion (p=0.35)
	Generalisability and length of follow up
	0.56

	[145]
	MRSA Infective Endocarditis
	Non-"MRSA" Infective Endocarditis
	Mortality
	Japan
	Post valve surgery patients
	1 hospital
	Logistic regression
	9 MRSA cases, 109 total cases
	MRSA was not associated with mortality in the multivariate analysis [OR=1.08 (95% CI; 0.04-28.88) p=0.962]
	Potential important factors not included
	0.67

	[146]
	Third generation cephalosporin resistant Enterobacteriaceae
	Third generation cephalosporin susceptible Enterobacteriaceae
	In-hospital mortality, LoS
	Brazil
	>=18 years old
	1 hospital
	Multivariate analysis for mortality, Cox proportional hazards model for LoS, significance tests on excess days
	62 resistant patients, 124 susceptible controls
	Resistance was not significantly associated with mortality in the multivariate analysis ("non-significant" presented) but was significantly associated with LoS (p<0.001). Hospital LoS was13 days for cases and 5 for controls (p<0.001)
	Single centre and small sample size
	0.56

	[147]
	MRSA bacteraemia
	MSSA bacteraemia
	visual outcome (visual acuity)
	Taiwan
	All
	1 hospital
	Linear regression
	26 MRSA cases, 59 keratitis cases
	MRSA was not significantly associated with visual outcome
	Retrospective nature, small sample size and potential issues with case and outcome definition
	0.56

	[148]
	MRSA keratitis
	MSSA keratitis
	All-cause mortality and survival, long term survival (>200 days)
	Australia
	All
	1 hospital
	Kaplan-Meier analysis and Cox proportional hazards regression
	76 MRSA cases, 363 MSSA cases
	MRSA bacteraemia had a median survival of 398 days and were more likely to die than those with MSSA bacteraemia (log-rank P < 0.0001;HR=2.87, 95% CI 1.87 to 4.39).  However the Cox regression revealed MRSA was not a significant independent factor for long-term survival (HR 1.37, 95% CI; 0.95-1.97, p=0.10).
	No non-Staphylococcus bacteraemia, all-cause mortality was the outcome (rather than attributable) and potential missed outcomes (deaths), potentially missing factors that could affect the outcome, retrospective nature
	0.56

	[149]
	MDR bloodstream infections
	Non-"MDR" bloodstream infections
	7-day mortality
	Italy
	ICU patients staying in ICU longer than 48 hours
	1 ICU
	Significance tests
	MDR Enterobacteriaceae cases were 50, with respective non-MDR cases at 28. MDR K. pneumoniae  carbapenemase cases were 31, with respective non-MDR cases at 17 and MDR P. aeruginosa  cases were 21, with respective non-MDR cases at 20.
	MDR significantly impacted Enterobacteriaceae (RR=2.17 (95% CI; 1.16-4.05) p<0.01), K. pneumoniae  carbapenemase producing strains (RR=2.63 (95 % CI; 1.23-5.63) p<0.01) and P. aeruginosa  (RR=1.90 (95% CI; 0.89-4.09), p=0.0080). It did not significantly affect other tested bacteria. 
	Single centre, secondary data and all-cause mortality
	0.33

	[150]
	Methicillin-resistant complicated skin and soft tissue infections 
	Methicillin-susceptible complicated skin and soft tissue infections
	LoS
	Europe
	>= 18 years old
	129 sites across 10 countries
	Descriptive analysis and multivariate analysis.
	102 MRSA cases and 274 MSSA cases
	Patients with confirmed diagnosis of MRSA infection had longer mean hospital stays than patients with MSSA infection (27.7 days [SD= 23.9; median = 19.5] vs 18.4 days [SD = 19.9; median = 13.0]). MRSA was not investigated as a factor in the multivariate analysis.
	Missing potentially important factors for analysis
	0.56

	[151]
	ESBL-producing gram negative bacteriuria/urinary tract infection
	Non-"ESBL-producing" gram negative bacteriuria/urinary tract infection
	LoS, IC admission, antimicrobial treatment and all-cause in-hospital mortality
	Australia
	>= 18 years old
	1 hospital
	Significance tests for all outcomes apart from ICU admission which used logistic regression
	100 cases, 100 controls
	ESBL-GNB was not significantly associated with all-cause mortality (p=0.4) and duration of treatment (p=0.1), but was associated with LoS after sampling (6 vs 2 days, p=0.002). ESBL-GNB was significantly associated with ICU admission, OR=4.6 (95% CI; 2.0 - 10.8), p<0.001
	Retrospective nature, limited matching, small sample size, potential bias in inclusion criteria
	0.44

	[152]
	VAP caused by XDR A. baumannii  (XDRAB)
	VAP caused by non-"XDR" A. baumannii  
	In-hospital mortality and LoS (ICU and hospital mean)
	Turkey
	Adult
	1 hospital ICU
	Significance tests
	34 XDR cases, 134 A. baumannii  VAP cases
	XDR was not significantly associated with mortality (p=0.858) but was significantly associated with longer ICU (30.4  vs 21.7 mean days, p=0.005) and hospital LoS (39.0 vs 13.2 mean days 0.001)
	No clear stated limitations
	0.56

	[153]
	KPC-producing K. pneumoniae
	Non-"KPC-producing" K. pneumoniae  colonization and infection
	ICU mortality
	Greece
	All
	1 hospital ICU
	Logistic regression
	164 KPC–positive cases and 62 KPC-negative controls
	KPC+ K. pneumoniae infection (not colonisation) during the ICU stay was found to be a significant factor for ICU mortality, OR= 2.8 (95% CI; 1.1–6.9), p=0.026
	Single centre, potential testing issues and ICU design issues
	0.78

	[154]
	High vancomycin MIC MRSA BSI
	Low vancomycin MIC MRSA BSI
	30-day mortality
	South Korea
	Adult patients
	1 hospital
	Cox proportional hazards model
	31 MRSA cases with high vancomycin MIC, 63 MRSA cases with low vancomycin MIC
	Vancomycin MIC was not significantly associated with mortality (p=0.69 in significance tests and not included in multivariate analysis)
	Generalisability and case definition issues
	0.67

	[155]
	MDR, carbapenem resistant A. baumannii  or non-baumannii ACB complex bacteremia
	Susceptible A. baumannii  or non-baumannii ACB complex bacteremia
	Infection-related mortality and 30-day mortality
	South Korea
	>=16 years old
	1 hospital
	Multivariate logistic regression analysis (variables chosen by univariate analysis significance)
	98 MDR cases, 63 carbapenem resistant cases and 180 total cases
	MDR and carbapenem resistance were found to be significant predictors of mortality in the univariate analysis (p=0.002 and p=0.001, respectively) but not in the multivariate logistic regression (detailed results not given)
	Retrospective nature, missing potential confounding factors and single centre.
	0.56

	[156]
	Carbapenem resistant A. baumannii  Bacteremia
	Susceptible A. baumannii  or non-baumannii ACB complex bacteremia
	30-day mortality
	South Korea
	All
	1 hospital
	Logistic regression
	52 carbapenem resistant cases out of 123 total
	Carbapenem resistance was independently associated with 30-day mortality [OR= 4.01, 95% CI (1.51 - 10.68), p= 0.005]
	Retrospective nature
	0.78

	[157]
	High vancomycin MIC & hVISA community associated MRSA bacteremia
	Non-"High vancomycin MIC & hVISA" community associated MRSA bacteremia
	Crude mortality
	South Korea
	>=16 years old
	1 hospital that also provides primary care
	Logistic regression for mortality, significance tests for LoS
	342 MRSA bacteraemia cases
	Vancomycin MIC and hVISA were not associated with mortality (p>0.4 for all, not included in the multivariate analysis)
	Single centre, international generalisability issues, potential other factors missing
	0.78

	[158]
	Gram-negative bacilli susceptible to <=1 antibiotic 
	Gram-negative bacilli susceptible to vs >=2
	7-, 15- and 30-day mortality
	USA
	All
	16 ICUs in association with 1 hospital
	Significance tests
	103 cases susceptible to <=1 antibiotic, 195 controls (vs susceptible to >=2)
	Resistance (case status) was not significantly associated with mortality for any time point (7-,15- and 30-day mortality; p= 0.87, 0.20 & 0.14 respectively)
	Generalisability issue, case definition bias and not attributable mortality
	0.67

	[159]
	High carbapenem MIC Enterobacteriaceae infections
	Low carbapenem MIC Enterobacteriaceae infections
	30-day mortality, LoS and ICU LoS
	USA
	>= 18 years old
	1 hospital
	Matching, significance tests and a Kaplan-Meier analysis for survival
	18 patients with MIC of 1 mg/litre and 18 patients with MIC of 2–8 mg/litre 
	Cases with carbapenem MICs of 2, 4, and 8 mg/litre had significantly higher 30-day mortality than those in the group with carbapenem MICs of 1 mg/litre (p = 0.04). The high-MIC group was associated with decreased overall survival by Kaplan-Meier log rank test (p=0.01). Mean total hospital LoS was longer but not significantly (57.6 days vs 34.4 days, p= 0.06), mean ICU LoS was significantly longer (56.6 days vs 21.7 days, p=0.01) in the group with MICs of 2 to 8 mg/litre than in the group with MICs of 1 mg/litre.
	Potentially important cofounding factors not included, potential testing issue, small sample size and retrospective nature
	0.56

	[160]
	ESBL-positive K. pneumoniae  bacteraemia
	ESBL-positive K. pneumoniae  bacteraemia
	30-day mortality and direct medical cost (antimicrobial usage, hospitalization and laboratory and diagnostic tests during the infection-related length of hospital stay)
	Hong Kong
	Adult patients
	1 hospital
	Logistic regression
	32 out of the 208 patients were infected with ESBL-producing K. pneumoniae
	ESBL production was not included in the multivariate models for cost or 30-day mortality as was not found to be significant in significance tests or univariate analysis (p>0.05) 
	Retrospective nature, sample size and not using excess mortality
	0.56

	[161]
	ESBL-producing microorganisms in sepsis
	ESBL-negative microorganisms in sepsis
	Mean duration of hospitalisation
	Iran
	Neonate patients
	1 hospital
	Significance tests
	68 ESBL producing isolates, 103 neonates total
	Mean hospital duration was longer in patients infected with beta-lactamase producers (30.2±20.5 vs. 22.8±16.6 days p=0.05) and ESBL producing strains (29.13±20.39 vs. 19±9.84 p=0.05)
	None clearly stated
	0.44

	[162]
	MDR P. aeruginosa 
	Non-"MDR" P. aeruginosa 
	Mortality
	China
	All
	5 hospitals
	Significance tests
	188 resistant cases, 348 total
	The median length of stay of the resistant patients (39 days) was greater than that of non-resistant patients (24 days) (p <0 .01). The statistical difference of mortality was significant between the two groups (26.1% vs 12.5% respectively, p <0 .01).
	Selection bias and incomplete follow up
	0.44

	[163]
	Carbapenem-resistant K. pneumoniae  Infections
	Carbapenem-susceptible K. pneumoniae  Infections and and no Klebsiella Pnuemoniae Infection
	Post-transplant survival
	USA
	Liver transplant recipients
	1 hospital
	Cox regression
	CRKP Infection (n = 20), No CRKP Infection (n =284) [susceptible infection (n = 36) and no K. pneumoniae  infection (n= 248)]
	Resistance was did not significantly impact mortality compared to susceptible strains, comparing the confidence intervals that results from modelling each of these groups against no Klebsiella infection [CRKP HR = 6.92 (95% CI, 3.24- 14.79) and susceptible infection HR = 3.84 (95% CI, 1.86-7.94)]
	Small sample size & generalisability
	0.78

	[164]
	MDR & XDR tuberculosis
	Non-"MDR or XDR" tuberculosis
	Direct and indirect medical costs and non-medical costs
	South Africa
	All
	National control programme
	Modelling Study:  Evidence synthesis and stepwise calculations (e.g. outcomes from published literature * unit cost )
	741 XDR-TB cases, 7,386 MDR-TB cases and 336,332 sensitive TB cases
	Total cost for XDR-TB was estimated to be 26,392.01 USD, MDR TB to be 6771.92 USD and 256.61 USD for susceptible TB. The costs changed minimally in the sensitivity analysis. All costs in 2011 USD.
	Generalisability issue, potential validity issue, potential additional cost factors
	0.54

	[165]
	MRSA BSI
	MSSA BSI
	Sepsis-related mortality and LoS 
	Brazil
	All
	1 hospital
	Significance test
	61 cases, 169 controls
	Resistance was significantly associated with increased mortality (p=0.0134)
	Small sample size
	0.56

	[166]
	MDR tuberculosis 
	Rifampicin susceptible tuberculosis
	Mortality
	Europe and Argentina
	All
	Not stated
	Cox regression
	55 MDR cases out of 175 total, 90 rifampicin susceptible
	MDR TB (vs. RH-susceptible TB) was significantly associated with mortality [HR=2.28 (95% CI 1.00, 5.20), p =0.050]
	Potential case selection bias due to data completeness for certain cases
	0.67

	[167]
	Carbapenem resistant K. pneumoniae  bacteriuria
	Carbapenem susceptible K. pneumoniae  bacteriuria
	Overall mortality
	USA
	Adult post-kidney transplant patents
	2 medical centres
	Kaplan-Meier survival curves and Cox proportional  hazards 
	20 CRKP cases and 80 CSKP cases
	Resistance was significantly associated with mortality [HR=3.0 (95% CI; 1.0-9.0) p=0.04]
	Generalisability issue (in low endemicity  areas) and small sample size
	0.56

	[168]
	Peritonitis (VRE, ESBL & MBL producers in multiple species)
	Susceptible peritonitis
	Mortality
	India
	All patients on peritoneal dialysis (for end-stage renal disease)
	1 hospital
	Significance tests
	211 total
	Resistance was significantly associated with mortality [VRE - p=0.001, ESBL - p= 0.23, MBL - p=0.038]
	No clear stated limitations
	0.56

	[169]
	P. aeruginosa , Enterobacteriaceae extended-spectrum β-lactamase–positive, and MRSA (PES) community associated-pneumonia
	Non-"PES" community associated-pneumonia
	30-day mortality and LoS
	Spain
	All
	1 hospital
	Logistic regression for mortality, significance tests for LoS
	94 PES patients, 1503 non-PES patients
	PES patients had a significantly longer hospital stay (p<0.001) and PES was an independent factor for 30-day mortality [odds ratio = 2.51 (95% CI 1.20–5.25) P = 0.015]
	Single centre, small sample size, missing data on potentially important factors
	0.67

	[170]
	Candida isolates non-susceptible to fluconazole.
	Candida isolates susceptible to fluconazole.
	7-day mortality
	Spain
	Cancer patients >= 16 years old
	Regional network
	Logistic regression
	53 non-susceptible cases and 193 susceptible cases
	Resistance was not found to be significant in the univariate and analysis [OR=0.75 (95% CI; 0.26–2.16) p=0.598] and was not included in the multivariate analysis.
	Observational nature, generalisability & sample size
	0.67

	[171]
	Carbapenem-resistant K. pneumoniae  bacteriuria
	None
	Development of secondary healthcare associated infection
	USA
	Adult
	1 medical centre
	Univariate and multivariate logistic regression
	105 cases total
	Resistance not associated with secondary healthcare associated infections (which were notably absent)
	Retrospective nature and generalisability issue
	0.78

	[172]
	MRSA Ventilator Associated Pneumonia/Hospital Associated Pneumonia
	MSSA Ventilator Associated Pneumonia/Hospital Associated Pneumonia
	Time to clinical stability
	International (Europe)
	All
	27 ICUs
	Significance tests
	30 MRSA cases and 15 MSSA controls
	MRSA had a significant impact on time to clinical stability (p<0.05) for all the following indicators (mean days (SD)): for example fever - 8.4(3.8) for MRSA vs 2.8(0.8) for MSSA and leukocytes - 8.02(5.5) for MRSA vs 6.93(4.2) for MSSA
	Heterogeneity of local protocols and treatments
	0.56

	[173]
	Drug-resistant Streptococcus pneumonia
	Susceptible Streptococcus pneumonia
	Annual and incremental cost burden. Included: 1) direct costs (including medical care), 2) costs from
adverse outcomes, 3) work-loss costs, and 4) cost from
lost wages
	USA
	All
	Literature, administrative data sources and expert panel
	Modelling Study: Decision Tree Model
	N/A
	Resistance was estimated to account for
4% (2012 $91 million) of annual pneumococcal pneumonia direct medical costs and 5% ($233 million) of total costs (including work and productivity loss). Most of the incremental medical cost ($82 of $91 million) was estimated to
be due to hospitalisations resulting from erythromycin resistance. Increased resistance to erythromycin was associated with the greatest projected cost
	Potentially 'old' data and model assumptions (epidemiological/structural and biological) e.g. model assumed an increase in resistant strains would not change prescribing practices
	0.53

	[174]
	Resistant Staphylococcus aureus bacteraemia
	Susceptible Staphylococcus aureus bacteraemia
	30-day all-cause mortality
	Germany
	All
	2 hospitals
	Multivariate logistic regression analysis (variables chosen by univariate analysis significance)
	31 MRSA cases, 317 total, 71% beta lactamase postive and 6% macrolide, lincosamide, streptogramin resistant
	Resistance was significantly associated with 30-day mortality; MRSA; OR= 4.80 (95%CI; 1.43 - 16.06, p=0.01), Beta-lactamase; OR=3.12 (1.17-8.30, p=0.02), Macrolide, lincosamide, streptogramin resistance; OR=4.64 (1.32 - 16.35, p=0.02)
	Generalisability issue and relatively small sample size
	0.56

	[175]
	Ciprofloxacin resistant and Amoxicilline-clavulanate resistant ESBL+ E. coli bacteraemia
	Ciprofloxacin susceptible and Amoxicilline-clavulanate susceptible ESBL+ E. coli bacteraemia
	30-day mortality
	Spain
	All
	13 hospitals
	Multivariate logistic regression analysis (variables chosen by univariate analysis significance)
	129 ciprofloxacin resistant cases, 23 amoxicillin-clavulanate resistant cases and 191 ESBL+ E. coli cases total
	Ciprofloxacin resistance was not significantly associated with mortality in the univariate analysis [RR=1.4 (95 CI; 0.78-2.50) p=0.2) and not included in the multivariate analysis. Amoxicillin-clavulanate resistance was significantly associated with mortality in the multivariate analysis [OR 2.15, 95% CI; 0.98 - 4.71, p=0.05].
	Relatively small sample size, generalisability issue (multicentre but only applicable to those with similar epidemiology)
	0.78

	[176]
	Vancomycin-resistant MRSA pneumonia
	Vancomycin-susceptible MRSA pneumonia
	60-day mortality
	International
	Adult patients
	Parent study was an RCT - multicentre and international
	Logistic regression
	381 MRSA cases
	Vancomycin heteroresistance was not a risk factor for mortality
	Did not take into account factors such as LoS, potential bias due to case diagnosis
	0.89

	[177]
	MRSA healthcare-associated pneumonia
	Non-"MRSA" healthcare-associated pneumonia
	In-hospital mortality
	Japan
	All
	1 hospital
	Logistic regression
	7 resistant cases, 6 sensitive cases
	MRSA was independently associated with in-hospital mortality in the multivariate analysis [OR=15.56 (95% CI; 1.86–218.22) p=0.020]
	Single centre
	0.67

	[178]
	XDR P. aeruginosa infections.
	Non-"XDR" P. aeruginosa infections.
	All-cause and infection-related in-hospital mortality
	Greece
	All cancer patients
	1 hospital
	Univariate and multivariate logistic regression
	22 XDR cases, 89 in total
	The multivariate analysis showed that infection due to XDR isolates [OR=5.11, (95 % CI 1.15–22.62)] was independently associated with mortality. 
	Retrospective nature, small sample, single centre and potential issues with case definition
	0.78

	[179]
	Ventilator Associated Pneumonia (multiple species -resistant organisms)
	Susceptible Ventilator Associated Pneumonia
	Mortality
	India
	>=18 years old
	4 ICUs from 1 hospital
	Matching and significance test
	52 VAP cases total
	MDR and PDR Pseudomonas was significantly associated with mortality (p=0.045)
	Single centre and missing data on potential factors
	0.56

	[180]
	Third-generation cephalosporin resistant Gram-negative BSI
	Non-"Third-generation cephalosporin resistant Gram-negative" BSI
	Attributable mortality 
	Ethiopia
	Adult Patients
	1 hospital
	Logistic regression
	38 patients with a positive blood culture, 21 third-generation cephalosporin resistant
	Third-generation cephalosporin resistance was significantly associated with mortality OR=23.28 (95% CI; 3.3–164.4)
	Not clearly stated
	0.67

	[181]
	MRSA bacteraemia following pneumonia
	Non-"MRSA" bacteraemia following pneumonia
	In-hospital all-cause mortality,  hospital LoS
	USA
	>18 years old
	1 hospital
	Logistic regression for in-hospital mortality, general linear model for LoS
	93 bacteraemia cases, 672 non-bacteraemia controls
	MRSA bacteraemia was not an independent factor for mortality, but had a trend towards this [OR = 1.56; 0.93 - 2.61]. MRSA bacteraemia was associated with additional LoS of 10.3 days (95 % CI 6.7 to 13.9 days, p < 0.001).
	Retrospective nature, single site, small sample size and lack of data for potentially important variables
	0.56

	[182]
	MDR tuberculosis
	Non-"MDR" tuberculosis
	TB-related mortality
	Israel
	All patients
	National Registry
	Multivariate logistic regression 
	 196 MDR cases, 4555 TB patients in total
	MDR-TB was significantly associated with TB-related death [OR= 2.83 (95%CI; 1.70–4.72), p<0.001]
	Potential bias with case selection (single investigator), incomplete data (on patient information such as comorbidities) and data quality issues (death certificates)
	0.67

	[183]
	Carbapenem resistant K. pneumoniae
	Carbapenem susceptible K. pneumoniae
	Mortality
	USA
	All kidney transplant patients
	1 hospital
	Kaplan-Meier survival analysis and Cox proportional hazards model
	13 resistant cases and 39 susceptible controls
	Resistance was significantly associated with death in all the models [HR= 8.8 (95% CI; 2.2–35.8), p=0.002 in the unadjusted Cox model)
	Retrospective nature, small sample size and generalisability issue
	0.56

	[184]
	Fluconazole resistant Cryptococcus neoformans
	Fluconazole susceptible Cryptococcus neoformans
	Clinical variables 
	Uganda
	All
	1 hospital
	Significance tests & Generalized Linear Model
	61 susceptible, 33 dose-susceptible and 4 resistant isolates
	Resistance did not impact any of the clinical variables of interest (p>0.05 for all)
	Not clearly stated
	0.44

	[185]
	Febrile urinary tract infections - healthcare associated and community associated (ESBL and AmpC- producing, multiple species)
	Susceptible febrile urinary tract infections
	All-cause in-hospital mortality
	Spain
	Adult males
	1 hospital
	Logistic regression
	29 ESBL- or AmpC- producing cases, 479 total
	ESBL- and AmpC- production was not significantly associated with mortality (in univariate and was not selected for multivariate) where p=0.16
	Single centre, retrospective, potential for selection bias and generalisability issue
	0.67

	[186]
	MDR Hospital acquired infections
	Non-"MDR" Hospital acquired infections
	Mortality
	Brazil
	>=18 years old
	1 hospital
	Significance tests
	889 total, 393 colonised with MDR and 497 not colonised, 318 infected with MDR and 571 not infected with MDR
	The relative risk for mortality when comparing colonised with not colonised with MDR was (RR=) 1.37(1.16 - 1.62 95% CI) with a p<0.001 and the relative risk for mortality with comparing infected with not infected was (RR)=1.28(1.09 - 1.51 95% CI) with a p=0.004.
	None stated
	0.56

	[187]
	ESBL-positive and/or beta-lactamases (IBL)-positive, and ciprofloxacin resistant UTI
	Susceptible UTI
	Median duration of hospitalisation and median antibiotic costs
	Turkey
	All
	1 hospital
	Significance tests
	45 ESBL- and/or IBL- positive cases, 43 ESBL- and/or IBL-negative cases, 48 ciprofloxacin resistant cases, 40 ciprofloxacin susceptible cases.
	ESBL- and/or IBL- positive cases had significantly higher average length of hospitalisation compared to ESBL- and/or IBL-negative cases [9(3-24) days versus 5(2-14) days, p=0.001]. Ciprofloxacin resistant cases had significantly higher average length of hospitalisation compared to ciprofloxacin susceptible cases [9(2-24) days versus 4(2-17) days, p=0.001].ESBL- and/or IBL- positive cases had significantly higher antibiotic costs compared to ESBL- and/or IBL-negative cases[110.6(5.5-505.2) 2014 USD versus 19.8(6.50-384.2), p=0.001]. Ciprofloxacin resistant cases had significantly higher antibiotic costs compared to ciprofloxacin suscpetible cases [135.1(5.5 - 505.2)] compared to susceptible cases [19.8(6.5-234.6), p=0.001] (2014 USD)
	Retrospective and small sample size
	0.44

	[188]
	ESBL-producing Enterobacteriaceae BSIs
	ESBL-negative Enterobacteriaceae BSIs & non-exposure inpatients
	In-hospital mortality, LoS and payer cost (all attributable)
	Switzerland
	All
	1 hospital
	Multistate models and Cox proportional hazards models for mortality and LoS, calculation for cost (LoS * unit cost)
	30 ESBL-positive cases and 96 ESBL-negative cases and all-inpatients for a year as controls (42,476 patients)
	Excess LoS attributable to ESBL-positive was 9.4 days (95% CI; 0.4-18.4) and ESBL-negative was 2.6 (0.7-5.9), making ESBL-positivity associated with 6.8 excess days, hazard ratios for discharge were HR=0.62 (95% CI; 0.43-0.89) and HR= 0.90 (95% CI; 0.74-1.10) for ESBL-positive and negative respectively. Cost per acute care episode estimated at 48,674 CHF for ESBL-positive cases, 48,131 CHF for ESBL-negative cases and 13,532 CHF for controls (2009 CHF). ESBL-positivity led to an excess cost of 9,473 per Enterobacteriaceae bloodstream infection. The independent effect of ESBL-positivity was not significant on in-hospital mortality [OR=2.8 (95% CI; 0.7–11.5), p=0.15].
	Single centre, generalisability issue, cost calculation only included LoS and an accounting cost (not taking into account fixed versus variable costs)
	0.67

	[189]
	High Vancomycin MIC in invasive Staphylococcus aureus infections
	Low Vancomycin MIC in invasive Staphylococcus aureus infections
	Lethality
	Brazil
	All
	1 hospital
	Significance tests
	24 patients with MIC <2mg/L and 15 MIC 2>=2 mg/L
	Resistance was not significantly associated with mortality in all significance and microbiology tests (p>0.2)
	No clear stated limitations
	0.44

	[190]
	High vancomycin MIC in MRSA pneumonia
	Low vancomycin MIC in MRSA pneumonia
	30-day all-cause mortality
	Canada
	>= 18 year olds
	11 hospitals
	Logistic regression
	161 cases total, 60 cases with vancomycin MIC ≥ 1.5 µg/mL
	 Vancomycin MIC ≥ 1.5 µg/mL was associated with mortality [OR 2.5 (95% CI 1.0-6.3), p=0.051]
	Potential case definition bias and potentially missing important confounders
	0.78

	[191]
	MRSA BSI (heterogeneous vancomycin-intermediate resistance (hVISA) and β -lactam antibiotic-induced vancomycin resistance (BIVR) phenotypes impact)
	MRSA BSI (vancomycin susceptible and β -lactam antibiotic-induced vancomycin susceptible)
	30-day all-cause mortality
	Japan
	All
	1 hospital
	Logistic regression
	162 MRSA isolates; 34 hVISA and 39 BIVR 
	hVISA and BIVR positivity was associated with mortality [OR= 7.66 (95% CI 1.28 – 45.6) p = 0.025]
	Retrospective nature and small sample size
	0.67

	[192]
	VRE infection
	No VRE infection
	Mortality (time from transplant to all-cause death)
	USA
	Adult allogeneic hematopoietic cell transplantation patient 
	1 clinic
	Cox proportional hazards regression
	76 VRE-bacteraemia cases, 800 patients
	VRE- bacteraemia was significantly associated with worse mortality [HR= 4.28, (95% CI 3.23–5.66) P<0.001] in multivariable analysis.
	Single centre
	0.67

	[193]
	Resistance in multiple species - 3 bacteria & 3 other microbes
	[bookmark: _GoBack]No resistance (different scenarios presented)
	Monetary cost and proportion of GDP loss
	Global
	All
	Surveillance, literature, expert opinion
	Modelling Study:  Economic impact was modelled through a dynamic equilibrium model - Computable general equilibrium models
	N/A
	On average over a forty year horizon, the world GDP loss was between USD 53 billion to 3 trillion per year - main regions affected by AMR were Eurasia, the High region and, to a lesser extent, due to its comparatively lower income, Sub-Saharan Africa. However, Sub-Saharan Africa would be the most negatively affected by AMR relative to its GDP.  The costs in year 10 ranged from USD 10 billion to 625 billion. But by year 40, the range increased from 188 billion to 9.8 trillion.                                                              
	Only a certain number of diseases and only looking at impact on GDP and did not include 'secondary' health care cost. Did not account for the fact that increased healthcare spending can contribute the economy and offset some of the decreases, as increased hospital time requires work and consumption. Did not look at cost of action. Uncertainty around the parameter inputs due to lack of information.
	0.55

	[194]
	MDR Ventilator associated pneumonia
	Non-"MDR" Ventilator associated pneumonia
	28-day survival, hospital mortality, LoS (hospital & ICU)
	USA
	>= 18 years old
	1 hospital
	28-day survival modelled by Kaplan-Meier analysis, Cox proportional hazards model used for hospital mortality and significance tests for other outcomes
	49 MDR cases, 107 VAP cases total
	Resistance was significantly associated with 28-day survival (p=0.006), hospital LoS (37 vs 31 median days, p=0.07), ICU LoS (31 vs 27, p=0.08), however this differed when cases split further into different organism types.  In non-fermenting Gram-negative rods [HR=1.37(95% CI: 0.62-3.06)], there was no association between MDR and in-hospital mortality, but, in all other organisms, MDR was significantly associated with increased mortality [HR= 6.15 (95% CI: 1.80-21.05) p = 0.004].
	Retrospective nature, single centre, case definition issues and not enough power to explore further
	0.67

	[195]
	General resistance to standard prophylactic antibiotics
	No resistance
	Infection-related mortality
	USA
	Post -Caesarean section, Transrectal prostate biopsy, Spinal surgery, Surgical abortion, Hysterectomy, Pacemaker implantation, Total hip replacement, Appendectomy, Colorectal surgery, Hip fracture and Cancer chemotherapy (leukaemia, lymphoma, myeloma). 
	Literature
	Modelling Study:  Evidence synthesis and stepwise calculations
	N/A
	Between 38.7% and 50.9% of pathogens causing surgical site infections and 26.8% of pathogens causing infections after chemotherapy were resistant to standard prophylactic antibiotics in the USA. A 30% reduction in the efficacy of antibiotic prophylaxis for these procedures would result in 6,300 infection-related deaths (2,100 for a10% reduction - 15 000 for a 70% reduction). 13 120 infections (42%) per year after prostate biopsy were attributable to fluoroquinolone resistance.
	Case definition issues, potential missing information on important factors (such as high-risk vs low-risk patients or infection control practices) and assumptions of resistance being similar across organisms.
	0.49

	[196]
	MRSA bacteraemia
	MSSA bacteraemia
	Total cost of inpatient care main outcome, mortality and LoS
	Canada
	>=18 years old
	4 hospitals
	Costs from Ontario Case Costing Initiative - included laboratory tests, medicines, nursing care, administration and IT costs, comparison of MRSA vs MSSA by linear regression models with propensity score weighting. Significance tests for LoS
	58 MRSA cases 3375 MSSA cases
	Resistance was not significantly associated with increased costs [MRSA had 1.3 times higher direct costs than MSSA (95% CI; 0.91-1.85), p=0.148], mortality [p=0.2863] or median hospital LoS [22.50 vs 14.00, p=0.0951]. It was significantly associated with increased ICU LoS [12 vs 6 median days, p=0.0313].
	Retrospective, only those with a laboratory report within 72 hours of admission, some costs like physician costs or home care costs not included
	0.67

	[197]
	MDR P. aeruginosa  bacteremia
	Non-"MDR" P. aeruginosa  bacteremia
	Mortality and ICU LoS
	Germany
	All burn patients
	1 specialist ICU
	Mortality - multivariate logistic regression, LoS - Cox proportional hazards model
	45 cases, 42 controls
	In the logistic regression MDR was not significantly independently associated with mortality [OR =1.076 (95% CI 0.356–3.254), p = 0.897]. From the Kaplan–Meier analysis time in the burn ICU after bacteraemia was not significantly different in both groups (median stay MDR bacteraemia 25 days vs susceptible PAB 19 days; p =0.945 by the log-rank test). In the Cox proportional hazards regression MDR was not significantly independently associated with burn ICU LoS (HR = 0.994 (95% CI 0.513–1.925) p = 0.985]
	Small sample size and lack of data (e.g. antibiotic treatment)
	0.67

	[198]
	MRSA bacteraemia
	MSSA bacteraemia
	Mortality and burn ICU LoS
	Germany
	Burn patients
	1 burn ICU
	Backward selection logistic regression for mortality and univariate Kaplan-Meier analysis (with the log-rank test) and multivariate Cox proportional hazards model for ICU LoS
	33 MRSA cases and 41 MSSA controls
	MRSA did not significantly increase the risk for mortality compared with MSSA [OR=1.55, (95% CI; 0.56–4.28), p= 0.40).  With the Kaplan–Meier analysis, burn ICU LoS after bacteraemia was not significantly different (median MRSA 28.5 days vs. MSSA 21.0 days; p= 0.32). In the multivariate Cox proportional-hazards regression methicillin resistance was not significantly independently associated with longer burn ICU LoS after bacteraemia [HR=1.22, (95% CI 0.65–2.27); p = 0.535].
	Time dependent bias for LoS and missing information (on antibiotic treatment)
	0.67

	[199]
	MDR P. aeruginosa pneumonia
	Non-"MDR" P. aeruginosa pneumonia
	ICU mortality
	Italy
	>=18 years old
	1 hospital ICU
	Logistic regression and Kaplan-Meier 
	42 MDR cases, 110 PA pneumonia cases in total
	MDR was not significantly associated with mortality from the multivariate analysis (MDR result not presented)
	Single centre, retrospective and potential other factors that may affect mortality missing
	0.67

	[200]
	Colistin resistant K. pneumoniae  carbapenemase infections
	Colistin susceptible K. pneumoniae  carbapenemase infections
	14-day mortality
	Italy
	>= 18 years old
	5 hospitals
	Logistic regression
	Colistin resistance in 62 out of 132 cases
	Colistin resistance was found to be an independent risk factor for 14-day mortality [OR=2.18 (95% CI, 1.37–3.46) p =0.001]
	Retrospective nature, possible misclassification and observational nature
	0.78

	[201]
	High fluconazole MIC Candida albicans candidaemia
	Low fluconazole MIC Candida albicans candidaemia
	Infection-related 30-day mortality
	Australia
	All
	National network
	Logistic regression
	5 cases had an MIC =< 0.125, 217 cases in general with varying MIC results
	There was a significant association between rising MICs and infection-related mortality [OR=1.4 for every MIC stratum (95% CI 1.06–1.71) p=0.015] when the fluconazole MIC was treated as a continuous variable
	Retrospective and small numbers in the higher MIC levels
	0.67

	[202]
	Carbapenem resistant Klebsiella pnuemoniae infection
	Carbapenem susceptible Klebsiella pnuemoniae infection
	Mortality and ICU LoS
	Greece
	All
	1 hospital ICU
	Logistic regression for mortality, significance tests for LoS
	80 CRKP, 24 CSKP cases
	Resistance was not significantly associated with mortality (p=0.19) and ICU stay (31 vs 26.2 mean days, p=0.21)
	No clear stated limitations
	0.67

	[203]
	MDR pneumonia (multiple species)
	Non-"MDR" pneumonia (multiple species)
	In-ICU and 28-day mortality
	Singapore
	All 
	1 hospital ICU
	Cox proportional hazards regression analysis (variables chosen by univariate unadjusted hazard ratios)
	119 multidrug resistant cases, 230 non-multidrug resistant cases
	Multidrug resistance was not significantly associated with in-ICU mortality [unadjusted HR=1.43 (0.86-2.88, p=0.17)] so not included in the adjusted model, but was significantly associated with 28-day mortality [adjusted HR=1.65 (1.01 - 2.68, p=0.04)].
	Quantitative sputum cultures not performed
	0.67

	[204]
	Nosocomial Resistant Gram-negative Bacilli infection
	Nosocomial susceptible Gram-negative Bacilli infection
	Total hospital cost, cost per day, LoS
	Singapore
	Adult patients (>21 years)
	Medical and Surgical ICU in 1 hospital
	Propensity score matching and significance tests
	76 resistant cases, 65 susceptible infected controls, 1549 patients in total 
	Resistance was significantly associated with increased total hospitalisation cost [p=0.0001 compared to no infection, $2795.9 vs $2009.6 p=0.0004 compared to susceptible infection]. Resistance was associated (not significantly) with increased total hospital stay and hospital stay after admission to the ICU when compared to no infection [p=0.01 for both] but not when compared to susceptible infections [p=0.39 and p=0.41 respectively]
	Single centre, only measured direct costs
	0.67

	[205]
	MDR P. aeruginosa  keratitis
	Non-"MDR" P. aeruginosa  keratitis
	Clinical outcome (e.g. resolution rates) and duration of therapy
	India
	All
	Unclear
	Significance test
	23 MDR cases and 67 non-MDR controls
	Resistance was not associated with duration of therapy or resolution rates. However, there was a significant difference in some clinical outcomes.
	Retrospective study and potential case definition bias
	0.44

	[206]
	Carbapenem-resistant A. baumannii 
	Carbapenem-susceptible A. baumannii 
	Mortality and ICU LoS
	Lithuania
	>=18 years old
	1 hospital
	Logistic regression
	40 CRAB cases and 59 carbapenem-sensitive cases
	Resistance was not significantly associated with mortality (p=0.461). Resistance was associated with a longer ICU stay after infection [36.12 vs 19.33 mean days, p=0.005]
	No clear stated limitations
	0.56

	[207]
	Heteroresistant vancomycin-intermediate  MRSA  bacteraemia
	Non-"Heteroresistant vancomycin-intermediate " MRSA  bacteraemia
	30-day survival
	Taiwan
	All 
	1 hospital
	Cox regression
	16 hVISA cases, 284 MRSA bacteraemia cases total
	High vancomycin MIC and VSSA was associated with 30-day mortality [OR = 2.349 (95% CI; 1.078–5.118)], but high vancomycin MIC and hVISA was not [OR = 2.163 (95% CI; 0.686–6.821)]
	Small sample size, potential other factors impacting outcomes, generalisability issues, potential case definition issues
	0.56

	[208]
	Isoniazid-monoresistant tuberculosis
	Isoniazid susceptible tuberculosis
	Successful treatment (including cure) and unsuccessful treatment (including death)
	Taiwan
	All
	1 hospital
	Logistic regression
	90 high resistant concentration cases, 44 low concentration cases
	Resistance was not significantly associated with mortality [OR = 1.03 (95% CI; 0.29–3.61), p= 0.969] 
	Retrospective nature, small sample and missing info (genetic analysis not performed)
	0.67

	[209]
	Caspofungin resistant and MDR Candidaemia 
	Susceptible Candidaemia 
	30-day and 14-day all-cause mortality
	USA
	>= 18 years with acute leukaemia
	1 cancer centre
	Cox regression
	14 caspofungin resistant & 13 MDR isolates out of 69 isolates where susceptibility available
	Caspofungin resistance was significantly associated with mortality [14-day mortality - HR = 3.02 (95% CI; 1.28–7.09), p=0.011, 30-day mortality - HR= 2.96 (95% CI; 1.38–6.37), p=0.05], MDR was significantly associated with mortality [14-day mortality HR=3.02 (1.27–7.14), p=0.012, 30-day mortality HR= 2.86 (95% CI; 1.31–6.21), p=0.008]
	Retrospective nature, generalisability issue, crude rather than attributable mortality as the outcome
	0.56

	[210]
	Carbapenem resistant bloodstream infections
	Non-"Carbapenem resistant" bloodstream infections
	Infection-related mortality
	China
	Febrile Neutropenia Patients Undergoing Hematopoietic Stem Cell Transplantation
	1 transplant unit
	Logistic regression
	12 carbapenem resistant cases and 85 total
	Resistance was significantly associated with mortality [RR=4.4 (95% CI; 1.14–17.28), p=0.041]
	Retrospective nature, small sample size & generalisability
	0.78

	[211]
	Ceftriaxone-resistant Streptococcus pneumoniae pneumonia
	Ceftriaxone-susceptible Streptococcus pneumoniae pneumonia
	Clinical cure, (infection-related) LoS, in-hospital mortality, 30-day readmissions
	USA
	18 – 89 years old
	1 medical centre
	Variable significance tests
	10 resistant, 20 susceptible cases
	Resistance was not significantly related to any of the outcomes. Results for resistant vs susceptible were: median LoS 17 vs 15, p=0.46, infection-related LoS 9 vs 8 p=0.74, in-hospital mortality p=1.00, and 30-day readmission for pneumonia p=1.00. 
	Retrospective and single centre
	0.44

	[212]
	Metallo-beta-lactamase-producing P. aeruginosa 
	Metallo-beta-lactamase-negative P. aeruginosa 
	In-hospital mortality and LoS
	Germany
	Adult patients
	3 hospitals
	Cox regression
	18 MBL-PA and 95 non-MBL-PA isolates
	Neither MBL-PA nor MDR-PA remained associated with mortality in the multivariate analysis [MBL-PA HR= 0.98 (95% CI; 0.45-2.1), p=0.97, MDR-PA HR= 1.37(0.68-2.72), p=0.37]. No significant influence of MBL-PA or MDR-PA on LOS in the fully adjusted models.
	Small sample
	0.67

	[213]
	MDR tuberculosis
	Non-"MDR" tuberculosis
	TB treatment outcome (e.g. adverse) and TB cost (direct medical care and non-medical, lost income, total expense and 'catastrophic' costs)
	Peru
	>15 years old
	Survey from National control programme
	Regression (univariate and multivariate)
	93 MDR TB cases, 876 TB cases, 487 controls
	MDR was associated with adverse treatment outcome [OR=8.37 (95% CI; 4.67–15.0), p<0.001] and independently associated with incurring catastrophic costs [OR=1.61 (95% CI = 0.98–2.64), p<0.06]
	Potential other cost variables and different definitions of cost variables, bias caused by follow-up length, and generalisability issues. 
	0.78

	[214]
	Community onset UTIs caused by multiple species (levofloxacin- or cefazolin-nonsusceptible isolatesor uropathogens with ESBL producers)
	Susceptible community onset UTIs 
	LoS
	Taiwan
	>= 18 years old
	1 hospital
	Significance tests
	136 total cases, 14 ESBL-producing Enterobacteriaceae isolates, of which all but one were resistant to levofloxacin. Out of 122 non-ESBL producing isolates there were 35, 31 and 16 non-susceptible to levofloxacin, cefazolin, and ceftriaxone, respectively.
	LoS was longer in to levofloxacin non-susceptible (16.1 vs. 7.5 days; p<0.01),  cefazolin-non-susceptible (15.4 vs.8.4 days; p<0.01), or ESBL-producing (16.7 vs. 9.6 days; p<0.01) cases, compared to antimicrobial-susceptible comparators.
	Limited scope in terms of outcomes and missing potentially important factors
	0.44

	[215]
	MRSA healthcare-associated infections
	MSSA and non-Staphylococcus aureus healthcare-associated infections
	Fatality and hospital LoS
	China
	All
	1 hospital
	Cox proportional hazards for the LoS and logistic regression for fatality
	57 MRSA cases, 116 MSSA cases, 102 non-Staphylococcus cases
	MRSA infections were associated with increased risk of fatality (MRSA versus MSSA) [OR=2.7, 95% CI 1.0–7.0], (MRSA versus S. aureus negative) [OR 31.6, 95% CI 4.4-inf]. MRSA was significantly associated with increased LoS compared to MSSA [OR 1.5 (95% CI; 1.0-2.2), p=0.046] and to non-Staphylococcus cases [OR 1.8(95% CI; 1.2-2.7), p=0.002].
	Retrospective nature, potential medical coding errors and a relatively small sample size
	0.56

	[216]
	MRSA  Mediastinitis 
	Non-"MRSA"  Mediastinitis 
	Mortality
	Turkey
	Adult  mediastinitis patients post-open heart surgery
	1 hospital
	Logistic regression
	47 MRSA cases, 117 total
	MRSA was associated with mortality [OR = 12.11, 95 % CI; 3.15– 46.4, p= 0.000]
	Retrospective nature and missing data (vancomycin MICs)
	0.56

	[217]
	MDR P. aeruginosa  infections
	Susceptible P. aeruginosa  infections
	Mortality and length of stay
	China
	Paediatric burns patients
	1 hospital
	Logistic regression & Matching (the methods are not clear regarding results then presented)
	Unclear case and control defined sample sizes
	OR=4.7, p= 0.03 for resistance impact on mortality and OR=2.0, p=0.002 for resistance impact on length of stay. (Hazard ratios were also presented for length of stay, however it is not clear in the methods section how these were derived)
	Not clearly stated
	0.33

	[218]
	MRSA infections
	MSSA infections
	Death and duration of hospitalization (categorised)
	Pakistan
	Up to 12 years
	1 hospital
	Significance tests
	30 MRSA cases, 30 MSSA cases
	Duration of hospitalization was significantly longer in the MRSA group as compared to MSSA group (p= 0.02 comparing number of patients staying in the 7 - 21 day group), with significantly more susceptible patients staying less than 7 days compared to the resistant group (p=0.04). Twelve patients from the MRSA group remained from less than 7 days duration while this number was 23 for MSSA group; p-value =0.04). Mortality was significantly higher in the MRSA group compared to the MSSA group (p-value =0.001).
	Not clearly stated
	0.33



Abbreviations: 3GC; third-generation cephalosporin, AU$; australian dollars, BSI; bloodstream infection CHF; swiss francs, A. baumanniii;  A. baumanniii , ART; antiretroviral therapy, BSI; bloodstream infection, CR; carbapenem-resistant, CRAB; carbapenem-resistant A. baumanniii , CRKP; Carbapenem-resistant K. pneumoniae , E. coli; E. coli, ESBL; Extended Spectrum Beta-lactamase, E. arogenes; Enterobacter aeogenes, ESC; extended-spectrum cephalosporin, EUR; Euros, GDP; Gross Domestic Product, GNR; Gram-negative rod, HAI; healthcare-associated infection, HR; hazard ratio, hVISA; heterogeneous vancomycin-intermediate Staphylococcus aureus, IBL; Beta-lactamase, ICU; intensive care unit, INR; Indian rupee, IRR; incidence rate ratio, K. pneumoniae; K. pneumoniae ,  KPC; K. pneumoniae  Carbapenemase, LoS; length of stay, MBL; metallo-beta-lactamase, MDR; multidrug resistance, ME; multiplicative effect, MIC; minimum inhibitory concentration, N/A; not applicable or not available, MRSA; MRSA, MSSA; MSSA,  OR; odds ratio, p; p-value, PDR; pan drug resistant, P. aeruginosa; P. aeruginosa , RR; relative risk, TB; tuberculosis, SLI; injectable second-line drug, S. maltophilia; Stenotrophomonas maltophilia, UTI; urinary tract infection,  VAP; ventilator associated pneumonia, VSSA; vancomycin susceptible Staphylococcus aureus, VRE; Vancomycin-resistant Enterococcus, VSE; Vancomycin-suscpetible Enterococcus, XDR; extensively drug resistant
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