Statistical Analysis
The interrupted time series Poisson regression model equation for use of antibiotics is given in equation 1 below:

[bookmark: _Hlk57071667]In(Days of antibiotic therapy/patient-days) = β0 + β1Time + β2Intervention_Period + β3Time*Intervention_Period + β4Season + error……………………………………………………….Equation 1                                                                                                        

Where Time: continuous year variable (1998 - 2016); Intervention_Period: before or after FP; Season: Winter, Spring, Summer or Fall. βs are coefficients of the various variables. β1: trend in the rates of antibiotic use before FP; β2: level change in antibiotics use after FP; β3: change in antibiotics use trend from before FP to after FP; β1 + β3: trend after intervention.	
The interrupted time series Poisson regression model equation for non-susceptible isolates is given in equation 2 below:

In(Count of NSI/yearly total number of isolates) = β0 + β1Time + β2Intervention_Period + β3Time*Intervention_Period + error……………………………………………………………………….….Equation 2                                                                                                        

Combinations of βs for trends and level change are as described in Equation 1. 


Results
Non-susceptible Bacterial Isolates
K. pneumoniae
There were no statistically significant trends before or after FP for ceftriaxone, ceftazidime, cefepime, piperacillin-tazobactam, and tobramycin (Supplement Figure 1 & Supplement Table 2).
P. mirabilis
In Supplement Figure 2 & Supplement Table 2, tobramycin NSI rate was rising before FP began (RR: 1.427; 95%CI: 1.179, 1.728; p-value: 0.0003), but declined steadily after FP (RR: 0.947; 95%CI: 0.901, 0.955; p-value: 0.031). Rates of ceftriaxone NSI, ceftazidime NSI, and cefepime NSI each increased after FP (ceftriaxone - RR: 1.131; 95%CI: 1.006, 1.272; p-value: 0.040; ceftazidime - RR: 1.193; 95%CI: 1.058, 1.345; p-value: 0.004; cefepime - RR: 1.174; 95%CI: 1.043, 1.322; p-value: 0.008). There were no statistically significant trends before or after FP for piperacillin-tazobactam.     
S. marcescens
Immediately after FP, there was a level change in the rates of ceftazidime NSI (RR: 0.094; 95%CI: 0.023, 0.389; p-value: 0.001) and piperacillin-tazobactam NSI (RR: 0.158; 95%CI: 0.050, 0.495; p-value: 0.002), as shown in Supplement Figure 3 & Supplement Table 2. Also, there was a change in trend directions from pre-to-post (ceftazidime - RR: 1.291; 95%CI: 1.057, 1.577; p-value: 0.012; piperacillin-tazobactam - RR: 1.174; 95%CI: 1.043, 1.322; p-value: 0.008), and rates of NSI increased over time after FP (ceftazidime - RR: 1.128; 95%CI: 1.048, 1.215; p-value: 0.001; piperacillin-tazobactam - RR: 1.113; 95%CI: 1.052, 1.178; p-value: 0.0002). Ceftriaxone NSI, cefepime NSI, piperacillin-tazobactam NSI, and tobramycin NSI did not show statistically significant trends before or after FP. 


Supplement Figure 1: Trends in annual rates of Klebsiella pneumoniae isolates non-susceptible to specific antibiotics (1998 - 2016). a: ceftriaxone; b: ceftazidime; c: cefepime; d: piperacillin-tazobactam; e: tobramycin. Plots represent estimated annual rates of non-susceptible isolate before (1998 – 2014) and after (2006 – 2016) fluoroquinolone pre-authorization, respectively. Fluoroquinolone pre-authorization (FP) began in 10/2005; antibiotic use data for 2005 was excluded to better capture the impacts of pre (1998 – 2004) vs post (2006 – 2016) FP implementation. Shaded region represents 95% confidence interval of rate. Rate: estimate of non-susceptible isolates from Poisson regression divided by the total number of isolates (susceptible + non-susceptible isolates) for a specific year. RRpre: rate ratio before FP; RRpost: rate ratio before FP.
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Supplement Figure 2: Trends in annual rates of Proteus mirabilis isolates non-susceptible to specific antibiotics (1998 - 2016). a: ceftriaxone; b: ceftazidime; c: cefepime; d: piperacillin-tazobactam; e: tobramycin. Plots represent estimated annual rates of non-susceptible isolate before (1998 – 2014) and after (2006 – 2016) fluoroquinolone pre-authorization, respectively. Fluoroquinolone pre-authorization (FP) began in 10/2005; antibiotic use data for 2005 was excluded to better capture the impacts of pre (1998 – 2004) vs post (2006 – 2016) FP implementation. Shaded region represents 95% confidence interval of rate. Rate: estimate of non-susceptible isolates from Poisson regression divided by the total number of isolates (susceptible + non-susceptible isolates) for a specific year. RRpre: rate ratio before FP; RRpost: rate ratio before FP.
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Supplement Figure 3: Trends in annual rates of Serratia marcescens isolates non-susceptible to specific antibiotics (1998 - 2016). a: ceftriaxone; b: ceftazidime; c: cefepime; d: piperacillin-tazobactam; e: tobramycin. Plots represent estimated annual rates of non-susceptible isolate before (1998 – 2014) and after (2006 – 2016) fluoroquinolone pre-authorization, respectively. Fluoroquinolone pre-authorization (FP) began in 10/2005; antibiotic use data for 2005 was excluded to better capture the impacts of pre (1998 – 2004) vs post (2006 – 2016) FP implementation. Shaded region represents 95% confidence interval of rate. Rate: estimate of non-susceptible isolates from Poisson regression divided by the total number of isolates (susceptible + non-susceptible isolates) for a specific year. RRpre: rate ratio before FP; RRpost: rate ratio before FP.
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Supplement Figure 3b
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	Supplement Table 1: Antibiotics use before (01/1998 - 12/2004) and after (01/2006 - 12/2016) fluoroquinolone pre-authorization

	 
	Ceftriaxone
	Ceftazidime
	Cefepime
	Piperacillin-tazobactam
	Tobramycin

	Pre DOT
	35,992
	118,460
	5,092
	167,047
	38,733

	Pre patient-days
	2,034,326
	2,034,326
	2,034,326
	2,034,326
	2,034,326

	Post DOT
	167,737
	88,266
	155,657
	478,894
	96,102

	Post patient-days
	3,493,907
	3,493,907
	3,493,907
	3,493,907
	3,493,907

	Pre DOT per 1,000 PD
	17.69
	58.23
	2.50
	82.11
	19.04

	Post DOT per 1,000 PD
	48.01
	25.26
	44.55
	137.07
	27.51


Pre – before fluoroquinolone pre-authorization (FP); Post – after fluoroquinolone pre-authorization (FP); DOT – days of therapy; PT – patient-days


	[bookmark: _Hlk56639173]Supplement Table 2: Trends in yearly antibiotic non-susceptibility before and after fluoroquinolone pre-authorization (intervention) from 1998 - 2016

	Bacteria
	Antibiotics
	Time characteristics
	RR
	95% CI
	p-value

	
	
	
	
	
	

	K. pneumoniae
	Ceftriaxone
	
	
	
	

	
	
	Trend before intervention (1998 – 2004)
	1.019
	0.782, 1.329
	0.887

	
	
	Level change after intervention
	2.027
	0.424, 9.685
	0.376

	
	
	Change in the direction of slope from Pre to post
	0.981
	0.748, 1.287
	0.892

	
	
	Trend after intervention (2006 – 2016)
	1
	0.944, 1.061
	0.991

	
	
	
	
	
	

	K. pneumoniae
	Ceftazidime
	
	
	
	

	
	
	Trend before intervention (1998 – 2004)
	1.094
	0.857, 1.396
	0.472

	
	
	Level change after intervention
	2.640
	0.599, 11.634
	0.200

	
	
	Change in the direction of slope from Pre to post
	0.919
	0.716, 1.180
	0.509

	
	
	Trend after intervention (2006 – 2016)
	1.005
	0.951, 1.063
	0.851

	
	
	
	
	
	

	K. pneumoniae
	Cefepime
	
	
	
	

	
	
	Trend before intervention (1998 – 2004)
	1.265
	0.853, 1.876
	0.242

	
	
	Level change after intervention
	8.406
	0.828, 85.372
	0.072

	
	
	Change in the direction of slope from Pre to post
	0.805
	0.541, 1.200
	0.287

	
	
	Trend after intervention (2006 – 2016)
	1.019
	0.959, 1.083
	0.551

	
	
	
	
	
	

	K. pneumoniae
	Piperacillin-tazobactam
	
	
	
	

	
	
	Trend before intervention (1998 – 2004)
	0.924
	0.755, 1.132
	0.447

	
	
	Level change after intervention
	1.181
	0.358, 3.892
	0.785

	
	
	Change in the direction of slope from Pre to post
	1.084
	0.880, 1.336
	0.448

	
	
	Trend after intervention (2006 – 2016)
	1.002
	0.953, 1.054
	0.932

	
	
	
	
	
	

	K. pneumoniae
	Tobramycin
	
	
	
	

	
	
	Trend before intervention (1998 – 2004)
	1.037
	0.819, 1.311
	0.765

	
	
	Level change after intervention
	2.773
	0.648, 11.863
	0.169

	
	
	Change in the direction of slope from Pre to post
	0.934
	0.733, 1.191
	0.584

	
	
	Trend after intervention (2006 – 2016)
	0.969
	0.911, 1.029
	0.304

	
	
	
	
	
	

	P. mirabilis
	Ceftriaxone
	
	
	
	

	
	
	Trend before intervention (1998 – 2004)
	1.421
	0.811, 2.489
	0.220

	
	
	Level change after intervention
	1.808
	0.044, 75.167
	0.756

	
	
	Change in the direction of slope from Pre to post
	0.796
	0.449, 1.412
	0.436

	
	
	Trend after intervention (2006 – 2016)
	1.131
	1.006, 1.272
	0.040

	
	
	
	
	
	

	P. mirabilis
	Ceftazidime
	
	
	
	

	
	
	Trend before intervention (1998 – 2004)
	1.793
	0.860, 3.739
	0.12

	
	
	Level change after intervention
	4.098
	0.034, 492.998
	0.564

	
	
	Change in the direction of slope from Pre to post
	0.666
	0.316, 1.402
	0.284

	
	
	Trend after intervention (2006 – 2016)
	1.193
	1.058, 1.345
	0.004

	
	
	
	
	
	

	P. mirabilis
	Cefepime
	
	
	
	

	
	
	Trend before intervention (1998 – 2004)
	1.647
	0.750, 3.617
	0.214

	
	
	Level change after intervention
	4.185
	0.029, 610.417
	0.573

	
	
	Change in the direction of slope from Pre to post
	0.713
	0.322, 1.580
	0.405

	
	
	Trend after intervention (2006 – 2016)
	1.174
	1.043, 1.322
	0.008

	
	
	
	
	
	

	P. mirabilis
	Piperacillin-tazobactam
	
	
	
	

	
	
	Trend before intervention (1998 – 2004)
	0.921
	0.262, 3.237
	0.898

	
	
	Level change after intervention
	0.482
	0.0002, 1126.723
	0.854

	
	
	Change in the direction of slope from Pre to post
	1.161
	0.316, 4.269
	0.823

	
	
	Trend after intervention (2006 – 2016)
	1.069
	0.759, 1.505
	0.702

	
	
	
	
	
	

	P. mirabilis
	Tobramycin
	
	
	
	

	
	
	Trend before intervention (1998 – 2004)
	1.427
	1.179, 1.728
	0.0003

	
	
	Level change after intervention
	15.808
	4.403, 56.759
	< 0.0001

	
	
	Change in the direction of slope from Pre to post
	0.663
	0.544, 0.809
	< 0.0001

	
	
	Trend after intervention (2006 – 2016)
	0.947
	0.901, 0.995
	0.031

	
	
	
	
	
	

	S. marcescens
	Ceftriaxone
	
	
	
	

	
	
	Trend before intervention (1998 – 2004)
	1.004
	0.889, 1.135
	0.945

	
	
	Level change after intervention
	0.691
	0.295, 1.617
	0.394

	
	
	Change in the direction of slope from Pre to post
	1.029
	0.904, 1.170
	0.669

	
	
	Trend after intervention (2006 – 2016)
	1.033
	0.992, 1.075
	0.114

	
	
	
	
	
	

	S. marcescens
	Ceftazidime
	
	
	
	

	
	
	Trend before intervention (1998 – 2004)
	0.874
	0.726, 1.053
	0.156

	
	
	Level change after intervention
	0.094
	0.023, 0.389
	0.001

	
	
	Change in the direction of slope from Pre to post
	1.291
	1.057, 1.577
	0.012

	
	
	Trend after intervention (2006 – 2016)
	1.128
	1.048, 1.215
	0.001

	
	
	
	
	
	

	S. marcescens
	Cefepime
	
	
	
	

	
	
	Trend before intervention (1998 – 2004)
	0.944
	0.841, 1.059
	0.325

	
	
	Level change after intervention
	0.535
	0.230, 1.244
	0.146

	
	
	Change in the direction of slope from Pre to post
	1.084
	0.958, 1.226
	0.200

	
	
	Trend after intervention (2006 – 2016)
	1.023
	0.979, 1.069
	0.312

	
	
	
	
	
	

	S. marcescens
	Piperacillin-tazobactam
	
	
	
	

	
	
	Trend before intervention (1998 – 2004)
	0.895
	0.763, 1.050
	0.174

	
	
	Level change after intervention
	0.158
	0.050, 0.495
	0.002

	
	
	Change in the direction of slope from Pre to post
	1.244
	1.050, 1.473
	0.012

	
	
	Trend after intervention (2006 – 2016)
	1.113
	1.052, 1.178
	0.0002

	
	
	
	
	
	

	S. marcescens
	Tobramycin
	
	
	
	

	
	
	Trend before intervention (1998 – 2004)
	0.937
	0.773, 1.136
	0.507

	
	
	Level change after intervention
	1.283
	0.333, 4.942
	0.718

	
	
	Change in the direction of slope from Pre to post
	1.029
	0.838, 1.264
	0.782

	
	
	Trend after intervention (2006 – 2016)
	0.964
	0.898, 1.035
	0.317

	
	
	
	
	
	


[bookmark: _Hlk56679932]RR: rate ratio for change in yearly bacterial non-susceptibility. RR was estimated using Poisson regression, using yearly counts of non-susceptible isolates of select Gram-negative bacteria and accounting for yearly total number of isolates tested. Intervention: fluoroquinolone pre-authorization.


	Supplement Table 3: Susceptibility of select Gram-negative bacteria from 1998 - 2016
	
	
	
	
	
	

	Bacteria
	Number Isolates
	Year

	 
	 
	1998
	1999
	2000*
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012
	2013
	2014
	2015
	2016

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	P. aeruginosa
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Total number of isolates
	92
	888
	
	580
	549
	665
	512
	758
	793
	977
	955
	892
	908
	798
	1172
	1110
	897
	1062
	975

	
	% susceptible by antibiotics
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Ceftazidime
	72
	81
	
	78
	80
	77
	82
	78
	76
	75
	78
	73
	71
	71
	69
	68
	71
	69
	70

	
	Cefepime
	62
	76
	
	71
	71
	68
	71
	61
	62
	72
	72
	72
	70
	72
	82
	80
	81
	75
	85

	
	Piperacillin-tazobactam
	76
	87
	
	84
	87
	85
	80
	74
	79
	80
	81
	80
	80
	81
	77
	76
	80
	77
	77

	
	Tobramycin
	94
	93
	
	93
	86
	84
	79
	70
	81
	82
	79
	82
	82
	86
	84
	86
	90
	87
	90

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	E. cloacae
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Total number of isolates
	25
	316
	
	260
	322
	300
	262
	375
	262
	341
	344
	271
	328
	349
	395
	374
	310
	326
	358

	
	% susceptible by antibiotics
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Ceftazidime
	68
	65
	
	63
	48
	47
	42
	56
	50
	55
	52
	54
	54
	
	
	
	
	
	

	
	Cefepime
	88
	88
	
	80
	70
	69
	70
	73
	75
	80
	81
	80
	81
	86
	82
	79
	82
	79
	81

	
	Piperacillin-tazobactam
	75
	68
	
	69
	50
	53
	52
	64
	58
	63
	62
	62
	64
	
	
	
	70
	73
	73

	
	Tobramycin
	100
	89
	
	84
	60
	66
	62
	69
	68
	82
	76
	77
	84
	88
	85
	92
	93
	87
	90

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	A. baumannii
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Total number of isolates
	81
	177
	
	120
	170
	225
	291
	449
	245
	205
	184
	162
	355
	302
	186
	184
	132
	113
	87

	
	% susceptible by antibiotics
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Ceftazidime
	6
	82
	
	80
	81
	53
	33
	49
	55
	48
	48
	57
	50
	60
	75
	65
	66
	71
	56

	
	Cefepime
	60
	71
	
	67
	65
	43
	30
	42
	44
	43
	43
	51
	42
	61
	63
	53
	55
	50
	49

	
	Piperacillin-tazobactam
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Tobramycin
	5
	79
	
	90
	86
	82
	70
	65
	84
	78
	77
	70
	56
	71
	90
	85
	72
	89
	77

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	E. coli
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Total number of isolates
	86
	1098
	
	912
	920
	879
	547
	1249
	941
	1055
	1149
	1055
	1157
	1683
	1647
	1499
	1473
	1550
	1395

	
	% susceptible by antibiotics
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Ceftriaxone
	
	97
	
	95
	
	92
	97
	90
	96
	96
	94
	94
	95
	88
	91
	90
	86
	85
	86

	
	Ceftazidime
	99
	98
	
	96
	94
	93
	96
	94
	95
	96
	94
	93
	95
	92
	92
	90
	86
	86
	86

	
	Cefepime
	99
	100
	
	99
	99
	97
	98
	96
	97
	97
	96
	96
	96
	95
	94
	92
	88
	87
	88

	
	Piperacillin-tazobactam
	94
	96
	
	95
	97
	95
	97
	95
	95
	95
	92
	94
	96
	93
	94
	91
	90
	93
	93

	
	Tobramycin
	97
	96
	
	94
	92
	92
	88
	86
	86
	88
	87
	88
	89
	87
	86
	84
	82
	82
	82

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	K. pneumoniae
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Total number of isolates
	69
	575
	
	490
	485
	510
	350
	550
	523
	666
	706
	653
	758
	718
	1015
	839
	765
	896
	770

	
	% susceptible by antibiotics
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Ceftriaxone
	
	95
	
	92
	
	93
	95
	85
	95
	91
	86
	83
	84
	84
	91
	91
	90
	87
	89

	
	Ceftazidime
	96
	95
	
	92
	94
	92
	92
	93
	96
	91
	84
	81
	81
	88
	88
	89
	88
	86
	89

	
	Cefepime
	94
	99
	
	98
	98
	96
	95
	94
	97
	93
	88
	86
	86
	92
	93
	92
	91
	88
	90

	
	Piperacillin-tazobactam
	91
	94
	
	91
	94
	95
	96
	90
	94
	94
	86
	86
	85
	88
	91
	90
	91
	88
	91

	
	Tobramycin
	94
	93
	
	91
	94
	93
	90
	89
	95
	91
	83
	82
	81
	90
	90
	91
	91
	90
	91

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	P. mirabilis
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Total number of isolates
	35
	274
	
	258
	242
	305
	162
	181
	279
	299
	316
	302
	320
	177
	344
	301
	296
	318
	260

	
	% susceptible by antibiotics
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Ceftriaxone
	
	100
	
	98
	
	97
	98
	99
	96
	100
	97
	98
	98
	98
	98
	98
	93
	94
	95

	
	Ceftazidime
	100
	100
	
	100
	98
	99
	98
	99
	98
	100
	98
	99
	98
	98
	99
	99
	97
	94
	95

	
	Cefepime
	97
	100
	
	100
	100
	99
	98
	100
	98
	100
	99
	99
	98
	99
	98
	99
	97
	96
	96

	
	Piperacillin-tazobactam
	97
	99
	
	100
	100
	99
	99
	99
	99
	100
	100
	100
	100
	85
	100
	100
	100
	98
	99

	
	Tobramycin
	97
	96
	
	95
	88
	77
	85
	83
	78
	88
	84
	86
	79
	82
	89
	86
	87
	88
	92

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	S. marcescens
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Total number of isolates
	27
	164
	
	160
	159
	170
	116
	142
	168
	155
	169
	182
	190
	117
	189
	194
	175
	150
	191

	
	% susceptible by antibiotics
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Ceftriaxone
	
	89
	
	86
	
	85
	91
	90
	87
	89
	89
	88
	89
	87
	88
	81
	82
	83
	89

	
	Ceftazidime
	59
	70
	
	63
	86
	76
	86
	85
	82
	86
	93
	80
	84
	85
	83
	51
	56
	63
	71

	
	Cefepime
	96
	94
	
	96
	97
	95
	96
	96
	96
	96
	97
	97
	95
	95
	96
	95
	95
	94
	97

	
	Piperacillin-tazobactam
	89
	71
	
	84
	82
	83
	87
	84
	82
	90
	86
	84
	85
	
	84
	59
	62
	69
	71

	
	Tobramycin
	52
	87
	
	90
	87
	82
	89
	86
	81
	88
	86
	77
	78
	85
	94
	87
	91
	87
	83

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


*Susceptibility data for 2000 is missing. Other blank spaces also indicate missing data, except for A. buamannii vs piperacillin-tazobactam.
Note:
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