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[Abstract] Objective To develop and evaluate a nucleic acid amplification test for spectinomycin-resistant
Neisseria gonorrhoeae (N. gonorrhoeae). Methods  N. gonorrhoeae-specific primers NG1/NG2 and primers specific to the
N. gonorrhoeae rpsE gene mutation (80_82 delTTA) were designed. Genomic nucleic acids of spectinomycin-sensitive
and resistant N. gonorrhoeae, Escherichia coli, Pseudomonas aeruginosa, and Salmonella typhi were used as templates to be
amplified by PCR and quantitative real-time PCR (qPCR). The sensitivity and specificity of the method were evaluated
accordingly. Results The NG1/NG2 primers could effectively amplify specific fragments of N. gonorrhoeae, yielding
negative results for the nucleic acid amplification test of the other types of bacteria tested. E64/E175R and E-87/E95R
could effectively differentiate the wild type and mutant (80_82 delTTA) rpsE genes. In PCR reactions, the minimum limits
of NGI/NG2, E64/E175R, and E87/E95R for the target genes were 414.8 copies, 414.8 copies, and 4.1 copies /pL,
respectively, while those for qPCR reactions were 41.5, 41.5, and 4.1x10~> copies /pL, respectively. Conclusion A
nucleic acid amplification test for spectinomycin-resistant N. gonorrhoeae with high specificity and sensitivity was
successfully established in this study, which is expected to provide support for the rapid diagnosis of N. gonorrhoeae
infection and treatment decision-making in clinical settings.
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T Ib s A B 4 5 rps EFE R 2845 (80_82 del TTA) 51 dE K
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Table 1 PCR primers used in the study

Primer Sequence (5’ to 3')

rpsl  GGTGCGCGGTAGTCTGAAATCTGG

rps2  AGCCATAATGCGACCACCTTCTACTTTGGTTACACGGTTA
rps3  TAACCGTGTAACCAAAGTAGAAGGTGGTCGCATTATGGCT
rpsé  TCAAAAACCAAACGCATAGGTCCAC

rpsll  ATGCCGTCTGAAGGTGCGCGGTAGTCTGAAATCTGG

NGl CGAGTGTGTCAGAGGGAGGAG

NG2 ACGCTACCAAGCAATCTA

E64 CGTGTAACCAAAGTAGTTA

E175R GCACTTCTTTTGACTTAC

E-87 GGTTTCCAATATCACGG

E95R  ATGCGACCACCTTTAA

The underlined area is the DUS. The italics indicate a deliberately altered
2nd base at the 3’ end to increase the specificity of primers. Blackbodies are
the 80_82 delTTA mutation (due to the lack of these 3 bases, the mutant

strain will cause the 3’ end to be unmatched and thus fail to amplify).
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[ 1 SOE-PCR¥ &£ H rpsE
Fig 1 SOE-PCR amplification of rpsE gene
M: 100 bp marker; A-C: SOE-PCR products; SOE-PCR: splicing
overlapping extension PCR. a, Amplification of fragment A and fragment B. b,

amplification of rpsE gene by SOE-PCR.
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26055 SPTR-NGTEPCR#2HIPCR#3 52 v FR 4 JC 47 14t H
B 257, UE A X5 | 9024 BE 5 A 55X Sy rps B3k R 46547
TEdel 80-82 TTAZRAL,
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2.3.1 PCRI&M R F /& EWHO GA# HHADNA 9 4 F
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Consensus GTGTAACCAAAGTAGEEMAAGGTGGICGCATTATGGCTITCICT
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Fig 2 Construction of spectinomycin-resistant strains

a, PCR results of positive clones. b, Sanger sequencing results of the target fragment. M: 100 bp marker; C: PCR results of the target fragment.

M123456789 M123456789 M12 34567 89

o . .182]J
111 bp P

3 PCR#1,PCR#2,PCR#34/ 17 =4
Fig 3 PCR#1, PCR#2, and PCR#3 amplification products

M: 100 bp marker; 1-9: WHO P, WHO G, SPT®-NG, ECN, PA 14, CICC 21648, H901, WHO J, and WHO K. a-c, Amplification products of PCR#1, PCR#2, and
PCR#3, respectively.
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& 4 PCR¥ #NG1/NG2.E64/E175RFAE-87/E95R
Fig 4 PCR amplification of NG1/NG2, E64/E175R, and E-87/E95R
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M: 100 bp marker; 1-9: 100, 10,1, 10~',10%, 107,10, 107", and 10~° ng/uL. WHO G DNA; 10: SPT"-NG. a-c, PCR#1, PCR#2, and PCR#3 reactions of WHO G

gradient DNA at different concentrations.
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PLIWHO GA[a] 46 25 e BEDN A AR, SPTR-NG K [ 7, E64/E175RqPCR I fre Az FR 41,545 D1 /uLo
X B #EfTqPCR#1, qPCR#2, qPCR#3, El5ah [¥]5e W E-87/E95RIKqPCR#3 4" i Hh £k, [ 50 A [a] R A e
NG1/NG2(JqPCR#14" B 1 £k, 1615 Ky A [R) B b i B 46 JE B B QP CR#3 % 1 (Y CH{E, E-87/E95R Y qPCRIZ IV i fi%
qQPCR# DI [ Ctfil, NG1/NG2 1 qPCRI R IR AAG PR KR 4.1x107°#5 Il /uLo
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Fig 5 qPCR reaction with different DNA concentration gradients

A-1:100,10,1,107,107%,107%,10%, 107°, and 10~ ng/uL WHO G DNA; J: SPT"-NG. a, ¢, and e are the amplification curves for gPCR#1, QPCR#2, and qPCR#3,

respectively; b, d, and f are the Ct values of the qPCR#1, qPCR#2, and qPCR#3 reactions corresponding to different template concentration gradients (results from three

independent experiments).
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TR G B A
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J5 L RS A R SRR B S A A R, A miR R,
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B IS 1T RE I 22 55, ARG i 14 JLAR B I PCR#2
SR BIPE, TXTPCR#3 R B, 352 FPCR#2T G 1Y)
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* * *

YEE IR MRS ST AL BT S IR S 1, 280, 24 M IgE
W57 5T B BEFE IR, £ L0 S iR SOR REURI A 1325 S 0 5 A, 0BV 6 5%
BB M S HE SR PrafEE Rk B G RAGAT], H
X B R AR RA A T B2 52, IR IR X TAERA i 53t
Author Contribution YANG Guiqin is responsible for investigation and
writing--original draft. LI Menghuan, WANG Youwei, and YONG Gang are
responsible for resources. WANG Hongren is responsible for
conceptualization and writing--review and editing. BIE Mingjiang is
responsible for supervision and writing--review and editing. All authors
consented to the submission of the article to the Journal. All authors
approved the final version to be published and agreed to take responsibility
for all aspects of the work.

FIZEMR  ASEHFDNINTRAHRERRE . FOCTERETH LR
PR TR AL I PIBOR BEA T, ERGHA NG TAL M. BRItz
S, BT R PRI AE R 45 2

Declaration of conflicting interests BIE Mingjiang is a member of the
Editorial Board of the journal. All processes involved in the editing and
reviewing of this article were carried out in strict compliance with the
journal's policies and there was no inappropriate personal involvement by

the author. Other than this, all authors declare no competing interests.

2 % x #

[1] SANCHEZ-BUSO L, COLE M J, SPITERI G, et al. Europe-wide
expansion and eradication of multidrug-resistant Neisseria gonorrhoeae
lineages: a genomic surveillance study. Lancet Microbe, 2022, 3(6): e452-
€463. doi: 10.1016/s2666-5247(22)00044-1.

[2] VICENTINI C B, MANFREDINI S, MARITATI M, et al. Gonorrhea, a
current disease with ancient roots: from the remedies of the past to future
perspectives. Infez Med, 2019, 27(2): 212-221. doi: 10.1093/0s0/
9780198793625.003.0006.

[3] ST CYRS, BARBEE L, WORKOWSKI K A, et al. Update to CDC's
treatment guidelines for gonococcal infection, 2020. MMWR Morb
Mortal Wkly Rep, 2020, 69(50): 1911-1916. doi: 10.15585/mmwr.
mm6950a6.

[4] ZHUX, XIY, GONG X, et al. Ceftriaxone-resistant gonorrhea - China,
2022. MMWR Morb Mortal Wkly Rep, 2024, 73(12): 255-259. doi: 10.
15585/mmwr.mm?7312a2.

[5] ALLAN-BLITZL T, FIFER H, KLAUSNER ] D. Managing treatment
failure in Neisseria gonorrhoeae infection: current guidelines and future
directions. Lancet Infect Dis, 2024, 24(8): e532-¢538. doi: 10.1016/s1473-
3099(24)00001-x.

[6] CHENY,GONGY,YANGT, et al. Antimicrobial resistance in Neisseria
gonorrhoeae in China: a meta-analysis. BMC Infect Dis, 2016, 16: 108. doi:
10.1186/s12879-016-1435-0.

(7] PR, 2222 2570, 45 ek RO as R 25 ML) A R Tk . oh
i EAE, 2019, 44(2): 168-173. doi: 10.13461/j.cnki.cja.006548.
SUN 'S, LIU L L, TONG LF, et al. Advance on the mechanism of Neisseria
gonorrhoeae resistant to spectinomycin. Chin J Antibio, 2019, 44(2): 168-
173. doi: 10.13461/j.cnki.cja.006548.

[8] CHENSC,HULH,ZHU X Y, et al. Gonococcal urethritis caused by a
multidrug resistant Neisseria gonorrhoeae strain with high-level resistance
to spectinomycin in China. Emerg Microbes Infect, 2020, 9(1): 517-519.
doi: 10.1080/22221751.2020.1732836.

[9] UNEMO M, SEIFERT H S, HOOK E W, 3rd, et al. Gonorrhoea. Nat Rev
Dis Primers, 2019, 5(1): 79. doi: 10.1038/s41572-019-0128-6.

[10] CHENSC,LIUJW, WU X Z, et al. Comparison of microdilution
method with agar dilution method for antibiotic susceptibility test of
Neisseria gonorrhoeae. Infect Drug Resist, 2020, 13: 1775-1780. doi: 10.
2147/idr.S253811.

[11] CHEN M J, CHEN P Y, FANG Y J, et al. Molecular testing-guided
therapy versus susceptibility testing-guided therapy in first-line and third-
line Helicobacter pylori eradication: two multicentre, open-label,
randomised controlled, non-inferiority trials. Lancet Gastroenterol
Hepatol, 2023, 8(7): 623-634. doi: 10.1016/s2468-1253(23)00097-3.

[12] XIUL, WANG L, L1 Y, et al. Multicentre clinical evaluation of a
molecular diagnostic assay to identify Neisseria gonorrhoeae infection and
detect antimicrobial resistance. Int ] Antimicrob Agents, 2023, 61(5):
106785. doi: 10.1016/j.ijantimicag.2023.106785.

[13] CALLAGHAN M M, DILLARD J P. Transformation in Neisseria
gonorrhoeae. Methods Mol Biol, 2019, 1997: 143-162. doi: 10.1007/978-1-
4939-9496-0_10.

(14] 28K, BpkEEE, TAT R, 45, W43 T 2 M0 70 K35 i A i

B AR SL 5 PR, DU 2 2 (B2 24 ), 2024, 55(1): 198-203.
doi:10.12182/20240160209.
LIM H, YANG G Q, WANG Y W, et al. Establishment and evaluation of
a resazurin-based microdilution assay for microbial sensitivity test of
Neisseria gonorrhoeae. ] Sichuan Univ (Med Sci), 2024, 55(1): 198-203.
doi:10.12182/20240160209.

(151 Rl W24k Bk oy A s SRR 25 5. bt b s bR
B, 2023. doi:10.27648/d.cnki.gzxhu.2023.000539.

ZHOU Q. Study on rapid detection method and alternative antibioties
evaluation for drug-resistant Neisseria gonorrhoeae. Beijing: Peking Union
Medical College, 2023. doi:10.27648/d.cnki.gzxhu.2023.000539.

(2024 - 08 — 31, 2024 — 11 - 24f& )
g s

FEHERBL AR SO A R 5 B 2 — R
BY N 4. 0FE PR AT HMY (CC BY-NC 4.0), BEAIE B35

https://creativecommons.org/licenses/by-nc/4.0/,

OPEN ACCESS This article is licensed for use under Creative Commons
Attribution-NonCommercial 4.0 International license (CC BY-NC 4.0). For more
information, visit https://creativecommons.org/licenses/by-nc/4.0/.

© 2025 (PUJIRZE2EAR (BN Yir

Editorial Office of Journal of Sichuan University (Medical Sciences)


https://doi.org/10.1016/s2666-5247(22)00044-1
https://doi.org/10.1016/s2666-5247(22)00044-1
https://doi.org/10.1016/s2666-5247(22)00044-1
https://doi.org/10.1016/s2666-5247(22)00044-1
https://doi.org/10.1016/s2666-5247(22)00044-1
https://doi.org/10.1016/s2666-5247(22)00044-1
https://doi.org/10.1093/oso/9780198793625.003.0006
https://doi.org/10.1093/oso/9780198793625.003.0006
https://doi.org/10.1093/oso/9780198793625.003.0006
https://doi.org/10.15585/mmwr.mm6950a6
https://doi.org/10.15585/mmwr.mm6950a6
https://doi.org/10.15585/mmwr.mm6950a6
https://doi.org/10.15585/mmwr.mm6950a6
https://doi.org/10.15585/mmwr.mm7312a2
https://doi.org/10.15585/mmwr.mm7312a2
https://doi.org/10.15585/mmwr.mm7312a2
https://doi.org/10.1016/s1473-3099(24)00001-x
https://doi.org/10.1016/s1473-3099(24)00001-x
https://doi.org/10.1016/s1473-3099(24)00001-x
https://doi.org/10.1016/s1473-3099(24)00001-x
https://doi.org/10.1016/s1473-3099(24)00001-x
https://doi.org/10.1186/s12879-016-1435-0
https://doi.org/10.1186/s12879-016-1435-0
https://doi.org/10.1186/s12879-016-1435-0
https://doi.org/10.1186/s12879-016-1435-0
https://doi.org/10.1186/s12879-016-1435-0
https://doi.org/10.1186/s12879-016-1435-0
https://doi.org/10.1186/s12879-016-1435-0
https://doi.org/10.1186/s12879-016-1435-0
https://doi.org/10.13461/j.cnki.cja.006548
https://doi.org/10.13461/j.cnki.cja.006548
https://doi.org/10.13461/j.cnki.cja.006548
https://doi.org/10.13461/j.cnki.cja.006548
https://doi.org/10.13461/j.cnki.cja.006548
https://doi.org/10.1080/22221751.2020.1732836
https://doi.org/10.1080/22221751.2020.1732836
https://doi.org/10.1038/s41572-019-0128-6
https://doi.org/10.1038/s41572-019-0128-6
https://doi.org/10.1038/s41572-019-0128-6
https://doi.org/10.1038/s41572-019-0128-6
https://doi.org/10.1038/s41572-019-0128-6
https://doi.org/10.1038/s41572-019-0128-6
https://doi.org/10.1038/s41572-019-0128-6
https://doi.org/10.1038/s41572-019-0128-6
https://doi.org/10.1038/s41572-019-0128-6
https://doi.org/10.2147/idr.S253811
https://doi.org/10.2147/idr.S253811
https://doi.org/10.2147/idr.S253811
https://doi.org/10.1016/s2468-1253(23)00097-3
https://doi.org/10.1016/s2468-1253(23)00097-3
https://doi.org/10.1016/s2468-1253(23)00097-3
https://doi.org/10.1016/s2468-1253(23)00097-3
https://doi.org/10.1016/s2468-1253(23)00097-3
https://doi.org/10.1016/s2468-1253(23)00097-3
https://doi.org/10.1016/s2468-1253(23)00097-3
https://doi.org/10.1016/j.ijantimicag.2023.106785
https://doi.org/10.1016/j.ijantimicag.2023.106785
https://doi.org/10.1007/978-1-4939-9496-0_10
https://doi.org/10.1007/978-1-4939-9496-0_10
https://doi.org/10.1007/978-1-4939-9496-0_10
https://doi.org/10.1007/978-1-4939-9496-0_10
https://doi.org/10.1007/978-1-4939-9496-0_10
https://doi.org/10.1007/978-1-4939-9496-0_10
https://doi.org/10.1007/978-1-4939-9496-0_10
https://doi.org/10.1007/978-1-4939-9496-0_10
https://doi.org/10.1007/978-1-4939-9496-0_10
https://doi.org/10.1007/978-1-4939-9496-0_10
https://doi.org/10.12182/20240160209
https://doi.org/10.12182/20240160209
https://doi.org/10.27648/d.cnki.gzxhu.2023.000539
https://doi.org/10.27648/d.cnki.gzxhu.2023.000539
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

	1 材料与方法
	1.1 菌株
	1.2 主要试剂与仪器
	1.3 淋病奈瑟菌大观霉素耐药株的构建与鉴定
	1.3.1 淋病奈瑟菌大观霉素耐药株的构建
	1.3.2 淋病奈瑟菌大观霉素耐药株的鉴定

	1.4 淋病奈瑟菌rpsE基因突变致大观霉素耐药检测方法的建立
	1.5 淋病奈瑟菌大观霉素耐药基因检测方法的评价
	1.5.1 淋病奈瑟菌大观霉素耐药基因检测方法特异度的评价
	1.5.2 淋病奈瑟菌大观霉素耐药基因检测方法的敏感度评价


	2 结果
	2.1 大观霉素耐药突变株的构建与鉴定
	2.2 淋病奈瑟菌大观霉素耐药基因检测方法的特异度
	2.3 淋病奈瑟菌大观霉素耐药基因检测方法的敏感度评价
	2.3.1 PCR检测不同浓度WHO G参考菌株DNA的检测限
	2.3.2 qPCR检测不同浓度WHO G参考菌株DNA的最低检测限


	3 讨论
	参考文献

