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Surge in Ceftriaxone-Resistant Neisseria gonorrhoeae 
FC428-Like Strains, Asia-Pacific Region, 2015−2022 

Appendix 

Appendix Table. Global characteristics of FC428-like strains carrying the mosaic penA-60.001 allele from a study of ceftriaxone-resistant Neisseria gonorrhoeae FC428-like strains 

surge in the Asia-Pacific region 

Number Isolate Country Year 
Local, travel or 

contact region 
CRO 

(mg/L) MLST penA allele 
Genomic accession 

no. References 
1 FC428 Japan 2015 Asia-Pacific 0.5 1903 60.001 SRR6238586  (1) 

2 FC460 Japan 2015 Asia-Pacific 0.5 1903 60.001 SRR6238585  (1) 

3 FC498 Japan 2015 Asia-Pacific 0.75 1903 60.001 DRR099844  (1) 

4 KU16054 Japan 2016 Asia-Pacific 0.5 1903 60.001 DRR099846  (1) 

5 BJ16148 China 2016 Asia-Pacific 0.5 1903 60.001 GCA_014700555.1  (2) 

6 SZ20 China 2016 Asia-Pacific 0.5 1903 60.001 NA  (3) 

7 SRRSH180 China 2017 Asia-Pacific 0.5 1903 60.001 NA  (3) 

8 BJ17003 China 2017 Asia-Pacific 0.5 1903 60.001 NA  (4) 

9 BJ17031 China 2017 Asia-Pacific 0.5 1903 60.001 NA  (4) 

10 BJ17038 China 2017 Asia-Pacific 0.5 1903 60.001 NA  (4) 

11 BJ17033 China 2017 Asia-Pacific 1 1903 60.001 NA  (4) 
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Number Isolate Country Year 
Local, travel or 

contact region 
CRO 

(mg/L) MLST penA allele 
Genomic accession 

no. References 
12 BJ17037 China 2017 Asia-Pacific 0.5 1903 60.001 NA  (4) 

13 MM08 China 2017 Asia-Pacific 0.25 1903 60.001 SRR16847908  (5) 

14 SH 40 China 2017 Asia-Pacific ≥1 NA 60.001 NA  (6) 

15 SH 41 China 2017 Asia-Pacific ≥1 NA 60.001 NA  (6) 

16 SH 48 China 2017 Asia-Pacific ≥1 NA 60.001 NA  (6) 

17 F90 France 2017 Asia-Pacific 0.5 1903 60.001 NA  (7) 

18 A7536 Australia 2017 Asia-Pacific 0.5 1903 60.001 SRR6238584  (8) 

19 A7846 Australia 2017 Asia-Pacific 0.5 1903 60.001 SRR6238583  (8) 

20 47707 Canada 2017 Asia-Pacific 1 1903 60.001 SRR6191747  (9) 

21 GC185 China 2017 Asia-Pacific 1 1903 60.001 SRR10403302  (10) 

22 GC195 China 2017 Asia-Pacific 1 1903 60.001 SRR10403301  (10) 

23 GC196 China 2017 Asia-Pacific 1 1903 60.001 SRR10403300  (10) 

24 DG17067 China 2017 Asia-Pacific 0.5 7365 60.001 SRR21311932  (11) 

25 GK124 Denmark 2017 No 0.5 1903 60.001 GCA_900205725.1  (12) 

26 KM383 Japan 2017 Asia-Pacific 0.5 1903 60.001 DRR099845  (1) 

27 KU17039 Japan 2017 Asia-Pacific 0.5 1903 60.001 DRR146960  (1) 

28 NJ1711654 China 2017 Asia-Pacific 1 1903 60.001 GCA_007107165.1  (13) 

29 BJ18014 China 2018 Asia-Pacific 0.5 1600 60.001 NA  (4) 

30 BJ18035 China 2018 Asia-Pacific 1 1600 60.001 NA  (4) 

31 MM14 China 2018 Asia-Pacific 0.5 1903 60.001 SRR16847905  (5) 

32 ZH545 China 2018 Asia-Pacific 0.5 7365 60.001 SRR16847907  (5) 

33 A2543 Australia 2018 Asia-Pacific 0.5 12039 60.001 ERR2865779  (14) 

34 A2735 Australia 2018 Asia-Pacific 0.25 12039 60.001 ERR2865780  (14) 

35 51742 Canada 2018 Asia-Pacific 0.5 1903 60.001 SRR8695957  (15) 

36 GC249 China 2018 Asia-Pacific 0.5 7365 60.001 SRR10403299  (10) 

37 GC250 China 2018 Asia-Pacific 0.5 7365 60.001 SRR10403298  (10) 
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38 SC18–25 China 2018 Asia-Pacific ≥0.5 1903 60.001 SRR10289965  (16) 

39 SC18–26 China 2018 Asia-Pacific ≥0.5 1903 60.001 SRR10289964  (16) 

40 SC18–33 China 2018 Asia-Pacific ≥0.5 1903 60.001 SRR10289963  (16) 

41 SC18–68 China 2018 Asia-Pacific ≥0.5 7363 60.001 SRR10289962  (16) 

42 DG18193 China 2018 Asia-Pacific 0.5 1903 60.001 SRR16847903  (5) 

43 GD69 China 2018 Asia-Pacific 0.5 1903 60.001 SRR21311933  (11) 

44 IR72 Ireland 2018 Asia-Pacific 0.5 1903 60.001 GCA_900624675.1  (17) 

45 18DG342 Singapore 2018 Asia-Pacific 1 13871 60.001 SRR8369788  (18) 

46 G97687 United Kingdom 2018 Asia-Pacific 0.5 12039 60.001 ERR2560140  (19) 

47 G7944 United Kingdom 2018 No 0.5 12039 60.001 ERR2560139  (19) 

48 H18–209 United Kingdom 2018 Asia-Pacific 1 1903 60.001 SRR8695248  (20) 

49 H18–502 United Kingdom 2018 Asia-Pacific 1 1903 60.001 SRR8695247  (20) 

50 NJ189125 China 2018 Asia-Pacific 1 1903 60.001 GCA_007107365.1  (13) 

51 SS74 China 2019 Asia-Pacific 0.5 1903 60.001 SRR16847906  (5) 

52 GZ19–42 China 2019 Asia-Pacific 0.5 1903 60.001 NA This study 
53 ZJ19-F1 China 2019 Asia-Pacific 0.25 1600 60.001 NA This study 
54 SRRSH203 China 2019 Asia-Pacific 1 1600 60.001 GCA_016802445.1  (21) 

55 SRRSH204 China 2019 Asia-Pacific 1 1600 60.001 GCA_016802425.1  (21) 

56 SRRSH205 China 2019 Asia-Pacific 1 1600 60.001 GCA_016802405.1  (21) 

57 SRRSH207 China 2019 Asia-Pacific 1 1903 60.001 GCA_016802385.1  (21) 

58 SRRSH214 China 2019 Asia-Pacific 1 1600 60.001 GCA_016802355.1  (21) 

59 SRRSH229 China 2019 Asia-Pacific 1 1600 60.001 GCA_016802335.1  (21) 

60 SRRSH240 China 2019 Asia-Pacific 1 1903 60.001 GCA_016802315.1  (21) 

61 DG19112 China 2019 Asia-Pacific 0.5 13943 60.001 SRR16847904  (5) 

62 VN226T Vietnam 2019 Asia-Pacific 0.5 13871 60.001 ERR6139617  (22) 

63 VN233T Vietnam 2019 Asia-Pacific 0.38 13871 60.001 ERR6139616  (22) 
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64 VN256T Vietnam 2019 Asia-Pacific 0.06 13871 60.001 ERR6139602  (22) 

65 NJ195417 China 2019 Asia-Pacific 1 1903 60.001 GCA_030645065.1  (13) 

66 NJ196610 China 2019 Asia-Pacific 1 1903 60.001 GCA_030645045.1  (13) 

67 NJ197542 China 2019 Asia-Pacific 1 1903 60.001 GCA_030645025.1  (13) 

68 NJ1911400 China 2019 Asia-Pacific 1 1903 60.001 GCA_030645005.1  (13) 

69 NJ1913940 China 2019 Asia-Pacific 0.5 1903 60.001 GCA_030644985.1  (13) 

70 NJ1914215 China 2019 Asia-Pacific 1 7363 60.001 GCA_030644965.1  (13) 

71 NJ1914646 China 2019 Asia-Pacific 0.5 1903 60.001 GCA_030644945.1  (13) 

72 GCWGS-10753 America 2019 Asia-Pacific 1 1901 60.001 SRR16999585  (23) 

73 NG19051 China 2019 Asia-Pacific >2 1901 60.001 SRR19962642  (24) 

74 CD19–21 China 2019 Asia-Pacific 0.5 1903 60.001 SRR23314763 This study 
75 CD19–46 China 2019 Asia-Pacific 0.5 1903 60.001 SRR23314762 This study 
76 CD19–81 China 2019 Asia-Pacific 0.5 8123 60.001 SRR23314759 This study 
77 CD19–97 China 2019 Asia-Pacific 0.5 1903 60.001 SRR23314758 This study 
78 SH19–34 China 2019 Asia-Pacific 0.5 1903 60.001 SRR23342062 This study 
79 SH19–72 China 2019 Asia-Pacific 0.5 1600 60.001 SRR23342061 This study 
80 SH19–79 China 2019 Asia-Pacific 0.5 1903 60.001 SRR23342060 This study 
81 SH19–101 China 2019 Asia-Pacific 0.5 1903 60.001 SRR23342059 This study 
82 ZJ19-F9 China 2019 Asia-Pacific 0.25 1903 60.001 SRR23462773 This study 
83 F91 France 2019 No 0.5 13871 60.001 GCA_007655285.1  (25) 

84 VN04D Vietnam 2020 Asia-Pacific 0.38 13871 60.001 NA  (22) 

85 1669 China 2020 Asia-Pacific 0.25 1903 60.001 NA  (26) 

86 NJ203279 China 2020 Asia-Pacific 1 7363 60.001 NA  (13) 

87 GZ20–07 China 2020 Asia-Pacific 1 1600 60.001 NA This study 
88 GZ20–51 China 2020 Asia-Pacific 0.5 1903 60.001 NA This study 
89 ZJ20–231 China 2020 Asia-Pacific 1 1600 60.001 NA This study 
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90 GZ20–91 China 2020 Asia-Pacific 1 1903 60.001 SRR23325685 This study 
91 YL201 China 2020 Asia-Pacific 0.75 1600 60.001 SRR15204538  (27) 

92 VN75T Vietnam 2020 Asia-Pacific 0.25 13871 60.001 ERR6139609  (22) 

93 VN76T Vietnam 2020 Asia-Pacific 0.5 13871 60.001 ERR6139610  (22) 

94 VN43T Vietnam 2020 Asia-Pacific 0.75 13871 60.001 ERR6139607  (22) 

95 VN03D Vietnam 2020 Asia-Pacific 0.25 13871 60.001 ERR6139613  (22) 

96 VN34D Vietnam 2020 Asia-Pacific 0.38 13871 60.001 ERR6139615  (22) 

97 VN20T Vietnam 2020 Asia-Pacific 0.75 13871 60.001 ERR6139605  (22) 

98 VN37T Vietnam 2020 Asia-Pacific 0.38 13871 60.001 ERR6139606  (22) 

99 VN98T Vietnam 2020 Asia-Pacific 0.38 13871 60.001 ERR6139611  (22) 

100 VN128T Vietnam 2020 Asia-Pacific 0.5 13871 60.001 ERR6139612  (22) 

101 VN44T Vietnam 2020 Asia-Pacific 0.06 13871 60.001 ERR6139608  (22) 

102 NJ204705 China 2020 Asia-Pacific 1 11710 60.001 GCA_030644925.1  (13) 

103 NJ208430 China 2020 Asia-Pacific 0.5 1903 60.001 GCA_030644905.1  (13) 

104 NJ208756 China 2020 Asia-Pacific 1 1903 60.001 GCA_030644885.1  (13) 

105 NJ209649 China 2020 Asia-Pacific 1 7363 60.001 GCA_030644865.1  (13) 

106 NG20092 China 2020 Asia-Pacific 0.5 1903 60.001 SRR19962359  (24) 

107 NG20320 China 2020 Asia-Pacific >0.5 1901 60.001 SRR19962491  (24) 

108 NG20402 China 2020 Asia-Pacific >0.5 1903 60.001 SRR19962431  (24) 
109 NG20403 China 2020 Asia-Pacific >0.5 1903 60.001 SRR19962430  (24) 
110 NG20404 China 2020 Asia-Pacific >0.5 1903 60.001 SRR19962429  (24) 
111 NG20405 China 2020 Asia-Pacific >0.5 1903 60.001 SRR19962428  (24) 
112 NG20268 China 2020 Asia-Pacific >0.5 1903 60.001 SRR19962516  (24) 
113 NG20105 China 2020 Asia-Pacific >0.5 1903 60.001 SRR19962159  (24) 
114 NG20139 China 2020 Asia-Pacific >0.5 1903 60.001 SRR19962596  (24) 
115 NG20267 China 2020 Asia-Pacific 0.5 1903 60.001 SRR19962517  (24) 
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116 NG20276 China 2020 Asia-Pacific >0.5 1903 60.001 SRR19962731  (24) 
117 NG20283 China 2020 Asia-Pacific >0.5 1903 60.001 SRR19962723  (24) 
118 NG20285 China 2020 Asia-Pacific 0.5 1903 60.001 SRR19962721  (24) 
119 NG20385 China 2020 Asia-Pacific >0.5 7365 60.001 SRR19962450  (24) 
120 CD20–6 China 2020 Asia-Pacific 0.5 1903 60.001 SRR23314754 This study 
121 CD20–7 China 2020 Asia-Pacific 0.5 7356 60.001 SRR23314760 This study 
122 CD20–37 China 2020 Asia-Pacific 0.25 8123 60.001 SRR23314756 This study 
123 CD20–48 China 2020 Asia-Pacific 0.5 1903 60.001 SRR23314755 This study 
124 CD20–59 China 2020 Asia-Pacific 0.0156 7822 60.001 NA This study 
125 CD20–60 China 2020 Asia-Pacific 0.5 1903 60.001 SRR23314753 This study 
126 CD20–64 China 2020 Asia-Pacific 0.5 8123 60.001 SRR23314761 This study 
127 SH20–95 China 2020 Asia-Pacific 0.5 13943 60.001 SRR23342058 This study 
128 SH20–167 China 2020 Asia-Pacific 0.5 1903 60.001 SRR23342057 This study 
129 ZJ20–23 China 2020 Asia-Pacific 0.5 1903 60.001 SRR23462772 This study 
130 ZJ20–230 China 2020 Asia-Pacific 1 1600 60.001 SRR23462770 This study 
131 ZJ20–215 China 2020 Asia-Pacific 1 1903 60.001 SRR23462771 This study 
132 2021-A1 China 2021 Asia-Pacific 0.5 7827 60.001 NA  (28) 

133 2021-A2 China 2021 Asia-Pacific 0.5 10314 60.001 NA  (28) 

134 2021-A3 China 2021 Asia-Pacific 0.25 7365 60.001 NA  (28) 

135 2021-A4 China 2021 Asia-Pacific 0.25 7365 60.001 NA  (28) 

136 2021-A5 China 2021 Asia-Pacific 0.5 1903 60.001 NA  (28) 

137 2021-A6 China 2021 Asia-Pacific 0.25 7365 60.001 NA  (28) 

138 2021-A7 China 2021 Asia-Pacific 0.25 7365 60.001 NA  (28) 

139 2021-A8 China 2021 Asia-Pacific 0.25 7365 60.001 NA  (28) 

140 2021-A9 China 2021 Asia-Pacific ≥1 13871 60.001 NA  (28) 

141 2021-A10 China 2021 Asia-Pacific 0.5 1903 60.001 NA  (28) 
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142 2021-A11 China 2021 Asia-Pacific 0.25 1903 60.001 NA  (28) 

143 2021-A12 China 2021 Asia-Pacific 0.5 1600 60.001 NA  (28) 

144 CD21–4 China 2021 Asia-Pacific 0.125 8123 60.001 NA This study 
145 CD21–17 China 2021 Asia-Pacific 0.25 1903 60.001 NA This study 
146 CD21–27 China 2021 Asia-Pacific 0.25 7365 60.001 NA This study 
147 GZ21–10 China 2021 Asia-Pacific 0.016 1600 60.001 NA This study 
148 SH21–6 China 2021 Asia-Pacific NA 1903 60.001 NA This study 
149 SH21–69 China 2021 Asia-Pacific 0.03 1903 60.001 NA This study 
150 SH21–76 China 2021 Asia-Pacific NA 13943 60.001 NA This study 
151 SH21–145 China 2021 Asia-Pacific 0.03 1903 60.001 NA This study 
152 SH21–186 China 2021 Asia-Pacific 0.5 1901 60.001 NA This study 
153 SH21–197 China 2021 Asia-Pacific NA 1903 60.001 NA This study 
154 SH21–232 China 2021 Asia-Pacific 0.5 7365 60.001 NA This study 
155 SH21–295 China 2021 Asia-Pacific 0.5 1903 60.001 NA This study 
156 SH21–296 China 2021 Asia-Pacific NA 7371 60.001 NA This study 
157 SH21–358 China 2021 Asia-Pacific 0.25 1903 60.001 NA This study 
158 SH21–366 China 2021 Asia-Pacific 0.5 1903 60.001 NA This study 
159 ZJ21-test7 China 2021 Asia-Pacific 1 7363 60.001 NA This study 
160 ZJ21-test12 China 2021 Asia-Pacific 1 7363 60.001 NA This study 
161 GD2021236 China 2021 Asia-Pacific 0.5 1588 60.001 SRR24303598  (29) 

162 GD2021027 China 2021 Asia-Pacific 0.5 10314 60.001 SRR24303599  (29) 

163 GD2021273 China 2021 Asia-Pacific 0.5 1903 60.001 SRR24303597  (29) 

164 GD2021291 China 2021 Asia-Pacific 0.5 7365 60.001 SRR24303596  (29) 

165 GD2021270 China 2021 Asia-Pacific 0.5 1903 60.001 SRR24303590  (29) 

166 GD2021272 China 2021 Asia-Pacific 0.5 1903 60.001 SRR24303588  (29) 

167 GD2021265 China 2021 Asia-Pacific 0.5 7365 60.001 SRR24303595  (29) 
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168 GD2021267 China 2021 Asia-Pacific 0.5 1903 60.001 SRR24303593  (29) 

169 GD2021269 China 2021 Asia-Pacific 0.5 1903 60.001 SRR24303591  (29) 

170 GD2021271 China 2021 Asia-Pacific ≥1 1903 60.001 SRR24303589  (29) 

171 GD2021266 China 2021 Asia-Pacific 0.5 13943 60.001 SRR24303594  (29) 

172 GD2021268 China 2021 Asia-Pacific 0.5 1903 60.001 SRR24303592  (29) 

173 Case1 United Kingdom 2022 Asia-Pacific 0.25 8123 60.001 ERR10659307  (30) 

174 Case2 United Kingdom 2022 Asia-Pacific 1 8123 60.001 ERR10659308  (30) 

175 Case3 United Kingdom 2022 Asia-Pacific 1 8123 60.001 ERR10659309  (30) 

176 Case4 United Kingdom 2022 Asia-Pacific 0.5 8123 60.001 ERR10659310  (30) 

177 Case5 United Kingdom 2022 Asia-Pacific 0.5 8123 60.001 ERR10659311  (30) 

178 Case6 United Kingdom 2022 Asia-Pacific 0.5 8123 60.001 ERR10659312  (30) 

179 Case7 United Kingdom 2022 Asia-Pacific 0.25 8123 60.001 ERR10659313  (30) 

180 Case8 United Kingdom 2022 Asia-Pacific 0.5 8123 60.001 ERR10659314  (30) 

181 Case10 United Kingdom 2022 Asia-Pacific 0.25 16406 60.001 ERR10659316  (30) 

182 AT159 Austria 2022 Asia-Pacific 0.5 16406 60.001 ERR9769205  (31) 

183 SE690 Sweden 2022 No 0.25 8130 60.001 GCA_028483175.2  (32) 

184 F93 France 2022 No 0.25 16406 60.001 GCA_032460605.1  (33) 

185 F94 France 2022 Asia-Pacific 0.25 16406 60.001 GCA_032460585.1  (33) 

186 SRR22570615 Cambodia 2022 Asia-Pacific 0.125 17961 60.001 SRR22570615  (34) 

187 SRR22570614 Cambodia 2022 Asia-Pacific 0.25 1587 60.001 SRR22570614  (34) 

188 SRR22570603 Cambodia 2022 Asia-Pacific 0.25 13871 60.001 SRR22570603  (34) 

189 SRR22570594 Cambodia 2022 Asia-Pacific 0.25 1587 60.001 SRR22570594  (34) 

190 SRR22570593 Cambodia 2022 Asia-Pacific 0.5 13871 60.001 SRR22570593  (34) 

191 SRR22570592 Cambodia 2022 Asia-Pacific 0.125 8130 60.001 SRR22570592  (34) 

192 SRR22570591 Cambodia 2022 Asia-Pacific 0.125 8130 60.001 SRR22570591  (34) 

193 SRR22570590 Cambodia 2022 Asia-Pacific 0.5 13871 60.001 SRR22570590  (34) 
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194 SRR22570589 Cambodia 2022 Asia-Pacific 0.5 13871 60.001 SRR22570589  (34) 

195 SRR22570588 Cambodia 2022 Asia-Pacific 0.25 8130 60.001 SRR22570588  (34) 

196 SRR22570613 Cambodia 2022 Asia-Pacific 0.25 8130 60.001 SRR22570613  (34) 

197 SRR22570612 Cambodia 2022 Asia-Pacific 0.25 16406 60.001 SRR22570612  (34) 

198 SRR22570611 Cambodia 2022 Asia-Pacific 0.125 7363 60.001 SRR22570611  (34) 

199 SRR22570610 Cambodia 2022 Asia-Pacific 0.25 7363 60.001 SRR22570610  (34) 

200 SRR22570609 Cambodia 2022 Asia-Pacific 0.125 8130 60.001 SRR22570609  (34) 

201 SRR22570608 Cambodia 2022 Asia-Pacific 0.25 8130 60.001 SRR22570608  (34) 

202 SRR22570607 Cambodia 2022 Asia-Pacific 0.125 8130 60.001 SRR22570607  (34) 

203 SRR22570606 Cambodia 2022 Asia-Pacific 0.125 8130 60.001 SRR22570606  (34) 

204 SRR22570605 Cambodia 2022 Asia-Pacific 0.25 1925 60.001 SRR22570605  (34) 

205 SRR22570604 Cambodia 2022 Asia-Pacific 0.25 7363 60.001 SRR22570604  (34) 

206 SRR22570602 Cambodia 2022 Asia-Pacific 0.25 7363 60.001 SRR22570602  (34) 

207 SRR22570601 Cambodia 2022 Asia-Pacific 0.25 8143 60.001 SRR22570601  (34) 

208 SRR22570600 Cambodia 2022 Asia-Pacific 0.25 13871 60.001 SRR22570600  (34) 

209 SRR22570599 Cambodia 2022 Asia-Pacific 0.25 11368 60.001 SRR22570599  (34) 

210 SRR22570598 Cambodia 2022 Asia-Pacific 0.25 7363 60.001 SRR22570598  (34) 

211 SRR22570597 Cambodia 2022 Asia-Pacific 0.125 8130 60.001 SRR22570597  (34) 

212 SRR22570596 Cambodia 2022 Asia-Pacific 0.5 16406 60.001 SRR22570596  (34) 

213 SRR22570595 Cambodia 2022 Asia-Pacific 0.25 16406 60.001 SRR22570595  (34) 

214 SRR24964567 Cambodia 2022 Asia-Pacific 0.5 13871 60.001 SRR24964567  (34) 

CRO, ceftriaxone; MLST: multilocus sequence typing; NA, not available. 
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Appendix Figure. Data from a study of the surge in ceftriaxone-resistant Neisseria gonorrhoeae FC428-

like strains in the Asia-Pacific region, 2015−2022. Distribution map showing global dissemination of 

ceftriaxone-resistant Neisseria gonorrhoeae FC428-like strains. 
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