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Supplemental Figure 1.  MLST distribution across sentinel sites based on 1479 GISP 1st 5 isolates from the US in 2018
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Supplemental Figure 1.  MLST distribution across sentinel sites based on 1479 GISP 1st 5 isolates from the US in 2018.
Sites were first ordered based on hierarchical clustering of the overall distribution of MLSTs (n=143) per site.  
A stacked histogram displays the distribution of the top 33 MLSTs per site. The color key is provided; the most prevalent MLST is ST9363 in pink, and the least prevalent is ST11181 in orange.  The count of isolates per site is recorded by site identifier. Site identifier includes US HHS region (1 – 10, https://www.hhs.gov/about/agencies/iea/regional-offices/index.html ) and site number per region.  
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Supplemental Figure 2.  The most common NG-MAST (at least 5 isolates/ST) and NG-STAR (at least 6 isolates/ST) are shown. The 1479 isolates were represented by 668 different NG-MAST and 306 different NG-STAR with 56 novel NG-STAR types.
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Supplemental Figure 3.  Maximum likelihood core-genome SNP phylogenetic alignment of 1479 GISP 1st 5 isolates from the U.S. in 2018. Maximum likelihood core-genome SNP analyses defined the 1479 isolates into two lineages, A and B, and into 23 clusters (“Cluster Number ”, left column) and color-defined in the left-most column. MLST STs are shown (with a color key to the right) and MLST STs (“MLST Labels” in center column). Isolate susceptibility profiles are shown for ciprofloxacin (CIP), penicillin (PEN), tetracycline (TET), azithromycin (AZM), cefixime (CFM) and ceftriaxone (CRO) and colored according to MIC (susceptible (gold), 
elevated MIC (shades of purple). The variants are represented as wild-type (light orange) or mutant (light to dark purple).
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Supplemental Table 1A. Chi square for AZM and 23S rRNA

The chi-square for AZM, χ2(1, N=1479) = 298.4549, p < .01
1 is the degrees of freedom and N is the sample size. The susceptible variant for 23S rRNA at location 2611 is C and the AMR variant is T. Similarly, for 2059, the susceptible variant is A and the AMR variant is G. Elevated MIC for AZM is ≥ 2.0 µg/mL.

	Allele
	Elevated MIC
	Susceptible
	Marginal row totals

	23S mutant
(C2611T or A2059G)
	18
	5
	24

	23S Wild Type
	48
	1408
	1455

	Marginal column totals
	66
	1413
	1479


Statistical Analysis
	PPV
	NPV
	Sensitivity
	Specificity

	79.2
	96.7
	28.7
	99.6






Supplemental Table 1B. Chi square for CIP and GyrA S91

The chi-square, χ2(1, N=1479) = 1289.36, p < .01. 
The susceptible variant for GyrA position 91 is S; the AMR variant is F. CIP resistance is MIC ≥ 1.0 µg/mL.

	Allele
	Resistant
	Susceptible
	Marginal row totals

	Mutant (GyrA S91F)
	475
	31
	506

	Wild Type (GyrA S91)
	13
	960
	973

	Marginal column totals
	488
	991
	1479


Statistical Analysis
	PPV
	NPV
	Sensitivity
	Specificity

	93.87
	98.66
	97.34
	96.87






Supplemental Table 1C. Chi square for PEN and blaTEM

The chi-square, χ2(1, N=1479) = 875.7199, p < .01
PEN resistance is MIC ≥ 2.0 µg/mL


	Allele
	Resistant
	Susceptible
	Marginal row totals

	blaTEM Present
	128
	9
	137

	blaTEM Absent
	62
	1280
	1342

	Marginal column totals
	190
	1289
	1479


Statistical Analysis
	PPV
	NPV
	Sensitivity
	Specificity

	93.43
	95.38
	67.37
	99.3






Supplemental Table 1D. Chi square for TET and tetM. 

The chi-square, χ2(1, N=1479) = 467.8454, p < .01. 
TET resistance is MIC ≥ 2.0 µg/mL.     

 
	Allele
	Resistant
	Susceptible
	Marginal row totals

	tetM Present
	150
	3
	153

	tetM Absent
	230
	1096
	1326

	Marginal column totals
	380
	1099
	1479


Statistical Analysis
	PPV
	NPV
	Sensitivity
	Specificity

	98.04
	82.66
	39.47
	99.72






Supplemental Table 1E. Chi square for AZM vs mosaic mtrR  

The chi-square, χ2(1, N=1479) = 465.295, p < .01
Elevated MIC to AZM is ≥ 2.0 µg/mL.


	Allele
	Elevated MIC
	Susceptible
	Marginal row totals

	mosaic mtrR Present
	51
	64
	115

	mosaic mtrR Absent
	15
	1349
	1364

	Marginal column totals
	66
	1413
	1479


Statistical Analysis
	PPV
	NPV
	Sensitivity
	Specificity

	44.35
	98.9
	92.4
	88.2






Supplemental Table 1F. Chi square for AZM (MIC ≥1.0 µg/mL) vs mosaic mtrR 

The chi-square, χ2(1, N=1479) = 795.746, p < .01

	Allele
	MIC ≥1.0 µg/mL
	MIC <1.0 µg/mL
	Marginal row totals

	mosaic mtrR Present
	92
	23
	115

	mosaic mtrR Absent
	37
	1327
	1364

	Marginal column totals
	129
	1350
	1479


Statistical Analysis
	PPV
	NPV
	Sensitivity
	Specificity

	80
	97.3
	71.3
	98.3







Supplemental Table 1G. Chi square for TETR and PorB G120 / G121 variants 

The chi-square, χ2(1, N=1444) = 150.5726, p < .01. 
TET resistance is MIC ≥ 2.0 µg/mL. Susceptible variants for PorB G120 included G or N; Susceptible variants for PorB G121 included G, A, S or V.  AMR variants for PorB G120K or D, and G121D or N.  Either a variant in PorB 120 or 121 were counted as mutants.  Variants could not be determined for 35 isolates.

	Allele
	Resistant
	Susceptible
	Marginal row totals

	Mutant 
(PorB G120KD, G121DN)
	179
	182
	361

	Wild Type (PorB G120N,  G121ASV) 
	186
	897
	1083

	Marginal column totals
	365
	1079
	1444


Statistical Analysis
	PPV
	NPV
	Sensitivity
	Specificity

	49.48
	82.83
	49.04
	83.13






Supplemental Table 1H. Chi square for TET and PorB G120 / G121 variants in the absense of isolates carrying tetM.  

The chi square, χ2(1, N=1304) = 283.9237, p < .01. 
TET resistance is MIC ≥ 2.0 µg/mL.  Variants could not be determined for 22 isolates and 153 isolates carried tetM plasmid.
 
	Allele
	Resistant
	Susceptible
	Marginal row totals

	Mutant 
(PorB G120KD, G121DN)
	162
	182
	344

	Wild Type (PorB G120N, G121ASV)
	66
	894
	960

	Marginal column totals
	228
	1076
	1304


Statistical Analysis
	PPV
	NPV
	Sensitivity
	Specificity

	47.09
	93.13
	71.05
	83.09



Supplemental Table 2.
Eight isolates carried 23S rRNA C2611T variants in fewer than 4 copies and resulted in AZM MIC ranging from 0.06 to 8.0 µg/mL

	GCWGS_ID
	AZM MIC
	23S-2611 base
	23S-2611 frequency
	Count C2611T
	MLST
	

	GCWGS-3860
	0.25
	T
	0.229
	1
	1901
	

	GCWGS-4817
	4
	T
	0.402
	2
	1901
	

	GCWGS-2591
	0.06
	T
	0.181
	1
	6962
	

	GCWGS-4548
	0.125
	T
	0.24
	1
	6962
	

	GCWGS-2935
	0.25
	T
	0.272
	1
	8156
	extension of clade ST1584.  

	GCWGS-3907
	0.5
	T
	0.235
	1
	9363
	

	GCWGS-5259
	1
	T
	0.486
	2
	9363
	

	GCWGS-8887
	4
	T
	0.195
	1
	11422
	









Supplemental Table 3.   AMR Profiler. Genomic and Protein Variants. 
	
	Accession Number: sequence identifier
	Accession Number: sequence identifier

	Genomic Variants
	Nucleotide
	Amino Acid

	2611C>T
	X67293.1: r.2599C>T
	

	2059A>G
	X67293.1: r.2047A>G
	

	mtr promoter (mtrR and mtrCDE)
	
	

	delA
	NZ_CP012026.1: g.1110846del
	

	A>C
	NZ_CP012026.1: g.1110846A>C
	

	mtrR -35A
	NZ_CP012026.1: g.1110837G>A
	

	mtrR premature stop *
	NZ_CP012026.1: g. (1110901_?_1111533)del
	(AKP10809.1) p.(1_?_210)del

	
	
	

	Protein variants
	
	

	MtrR Ala39Thr	
	NZ_CP012026.1: g.1111015G>A
	(AKP10809.1) p.(Ala39Thr)

	MtrR Gly45Asp
	NZ_CP012026.1: g.1111034G>A
	(AKP10809.1) p.(Gly45Asp)

	MtrR His105Tyr
	NZ_CP012026.1: g.1111213C>T
	(AKP10809.1) p.(His105Tyr)

	MtrD Ser821Ala

	NZ_CP012026.1: g.1106940A>C

	(AKP10807.1) p.(Ser821Ala)


	MtrD Lys823Glu

	NZ_CP012026.1: g.1106934T>C

	(AKP10807.1) p.(Lys823Glu)


	PorB Gly120Lys

	NZ_CP012026.1:g.1598401GGC>AAG g.1598401GGC>AAG

	(AKP11294.1) p.(Gly120Asp)


	PorB Gly120Asp
	NZ_CP012026.1: g.1598402G>A
	(AKP11294.1) p.(Gly120Lys)

	PorB Gly121Asp

	NZ_CP012026.1: g.1598404GGC>GAC 
	(AKP11294.1) p.(Gly121Asp)


	PorB Gly121Asn

	NZ_CP012026.1: g.1598404GGC>AAC

	(AKP11294.1) p.(Gly121Asn)


	PBP1 Leu421Pro

	NZ_CP012026.1: g.2080172T>C

	(AKP11771.1) p.(Leu421Pro)


	PBP2 Asp345 insertion

	NZ_CP012026.1: g.1302135+TCG

	(AKP10994.1) p.(Asp345ins)


	PBP2 Ala501Thr

	NZ_CP012026.1: g.1301669C>T

	(AKP10994.1) p.(Ala501Thr)


	PBP2 Ala501Val

	NZ_CP012026.1: g.1301668G>A

	(AKP10994.1) p.(Ala501Val)


	GyrA Ser91Phe

	NZ_CP012026.1: g.359891G>A

	(AKP10068.1) p.(Ser91Phe)


	GyrA Asp95Ala

	NZ_CP012026.1: g.359879T>G

	(AKP10068.1) p.(Asp95Ala)


	GyrA Asp95Gly

	NZ_CP012026.1: g.359879T>C

	(AKP10068.1) p.(Asp95Gly)


	GyrA Asp95Asn

	NZ_CP012026.1: g.359880C>T

	(AKP10068.1) p.(Asp95Asn)


	ParC Asp86Asn
	NZ_CP012026.1:g.993818G>A
	(AKP10706.1) p.(Asp86Asn)


	ParC Ser87Arg

	NZ_CP012026.1: g.993821A>C

	(AKP10706.1) p.(Ser87Arg)


	ParC Ser87Asn

	NZ_CP012026.1: g.993822G>A

	(AKP10706.1) p.(Ser87Asn)


	ParC Ser87Ile

	NZ_CP012026.1: g.993822G>T

	(AKP10706.1) p.(Ser87Ile)


	ParC Ser88Pro
	NZ_CP012026.1:g.993824T>C
	(AKP10706.1) p.(Ser88Pro)

	ParC Glu91Gly
	NZ_CP012026.1:g.993834A>G
	(AKP10706.1) p.(Glu91Gly)

	ParC Glu91Lys
	NZ_CP012026.1:g.993833G>A
	(AKP10706.1) p.(Glu91Lys)

	ParC Glu91Gln  
	NZ_CP012026.1:g.993833G>C
	(AKP10706.1) p.(Glu91Gln)

	RpsJ Val57Met  V57M
	NZ_CP012026.1:g.1616961C>T
	(AKP11325.1) p.(Val57Met)

	AcnB Gln57Lys
	NZ_CP012026.1:g.964538C>A
	(AKP10680.1) p.(Gln57Lys)

	
	
	

	Genomic Mosaicity
	
	

	mtrR mosaic†

	KT954125.1: c.(1–797)

	

	penA mosaic‡

	NZ_CP012026.1: c.(1301424-1303169)

	



* MtrR premature stop (AKP10809.1) p.(1_?_210)del : The complete nucleotide sequence mtrR was scanned for a stop codon or deletion in any position. If a stop codon or deletion was found in any position, it was assigned as a premature stop.
† mtrR mosaic KT954125.1: c.1–797 : The complete nucleotide sequence of gene mtrR was aligned to the reference to calculate percent similarity and determine mosaicity. 
‡ penA mosaic NZ_CP012026.1: c.1301424-1303169 : The complete nucleotide sequence of gene penA was blasted against the PubMLST database penA locus (NEIS1753) to identify penA Type and NG STAR penA allele. https://pubmlst.org/neisseria/

Supplemental Table 4. Bioinformatic Methods  and References.

	Method
	Reference

	FastQC 0.10.1

	http://www.bioinformatics.babraham.ac.uk/projects/fastqc/

	Kraken 0.10.5

	Wood et.al.1

	StringMLST 0.3.6

	Gupta et.al.2

	Cutadapt 1.8.3

	Martin, Marcel3

	SPAdes Genome Assembler 3.9.0

	Bankevich et.al.4

	Quast 4.3

	Gurevich et.al5

	AMR-Profiler and Typing Tool 2.8.3/2.9.2
	Thomas JC et.al 6

	SNIPPY 3.1

	https://hpc.nih.gov/apps/snippy.html

	bwa/0.7.12  samtools/1.3.1  freebayes/1.0.2

	Li et.al.7, Li et.al.8,Garrison et.al.9

	NGMASTER 0.4

	Kwong at.al.10

	NGSTAR
	https://ngstar.canada.ca

	ParSNP Harvest 1.2

	Treangen at.al.11

	Gubbins 2.3.1

	Croucher et.al.12

	RaxML 8.2.9 GTRCAT substitution, 1000 bootstrap

GTRCAT substitution, 1000 bootstrap

	Stamatakis13

	FastBAPs

	Tonkin-Hill et.al.14

	ITOL

	Letunic et.al.15
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Supplemental Figure 2A.

Distribution of Neisseria gonorrhoeae Multi Antigen Sequence Type (NG-MAST) of the

155 isolates. Only the STs with at least 5 isolates are represented
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Supplemental Figure 2B. Distribution of Neisseria gonorrhoeae Sequence Typing for

Antimicrobial Resistance (NG-STAR) of the 1% 5 isolates. Only the STs with at least 6 isolates

are represented
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