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Table 1. Characteristic of studies of isolates with reduced susceptibility to ceftriaxone and cefixime. 

Author 

Year of 

publication 

Study 

period Local  

Number of 

isolates 

Number 

of isolates 

screened Antibiotics Gene M W MSM MSW SW Men age Women age 

Anatomic 

site 

[1] 2006 2002 Japan 58 58 Cefixme 
ponA, penA, por NA NA NA NA NA NA NA Urethra 

[2] 2006 2000 - 2001 Japan 398 398 Ceftriaxone 
penA, ponA, mtrR NA NA NA NA NA NA NA Urethra 

[3] 2011 2005 - 2008 China 230 230 Ceftriaxone 
penA, mtrR, por 230 0 NA NA NA NA NA NA 

[4] 2011 2008 Canada 149 149 

Ceftriaxone, 

Cefixime, 

penA, ponA, 

mtrR, por NA NA NA NA NA NA NA NA 

[5] 2013 2011 Vietnam 108 108 

Ceftriaxone, 

Cefixime 
penA, mtrR, porB 85 19 NA NA NA 28.5 29 NA 

[6] 
2014 2011 e 2012 China 340 334 Cefixime 

penA, mtrR, porB, 

ponA 340 NA NA NA NA NA NA Urethra 

[7] 2016 2011 - 2014 Italy 900 65 Cefixime 
penA, mtrR NA NA NA NA NA NA NA NA 

[8] 2017 2014 - 2015 China 126 126 

Cefixime, 

Ceftriaxone 
penA, mtrR NA NA NA NA NA NA NA 

Uretrha, 

cervice 

[9] 2017 2015 - 2016 China 128 128 Ceftriaxone 
penA, mtrR, penB 120 8 NA NA NA 32,8±10,1 34,8 +- 9,4 

Urethra, 

endocervice 

[10] 
2017 2009 - 2013 Argentina 1987 1987 

Ceftriaxone, 

Cefixime 
penA, mtrR NA NA NA NA NA NA NA NA 

[11] 2018 2012 - 2015 

New 

Zealand 28 28 Penicillin 

penA, mtrR, penB, 

ponA NA NA NA NA NA NA NA NA 

[12] 

2019 2009 - 2017 Netherlands 348 348 Ceftriaxone 
penA 320 28 314 6 15 NA NA 

Urethra, 

rectum, 

cervice, 

pharynx 

[13] 2019 2015 - 2017 Russia 522 522 

Penicillin, 

Ceftriaxone 
penA NA NA NA NA NA NA NA NA 

M= men. W= women. MSM = men who have sex with men. MSW = men who have sex with women. SW= sex workers. NA = not available. 
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Table 1. Characteristics of studies of isolates with reduced susceptibility to ceftriaxone and cefixime (cont.) 

Author/Year 

of 

publication 

Study 

period 

Local Antibiotics Gene Genes and 

mutations 

identification 

Nucleotide 

sequencing 

Antimicrobial 

susceptibility testing 

MIC 

determinants 

MIC breakpoints 

[1] 2002 Japan Cefixime ponA, 

penA, 

por 

Isolated and 

amplified by 

PCR. 

BigDye 

Terminator v1.1 

cycle sequencing 

kit and 3730 DNA 

analyzer (Applied 

Biosystems). 

MIC determined by 

an agar dilution 

technique. 

Clinical and 

Laboratory 

Standards 

Institute 

guidelines 

(CLSI). 

MIC ≥0.12 

µg/ml 

(reduced 

susceptibility to 

cefixime). 

[2] 2000 -

2001 

Japan Ceftriaxone penA, 

ponA, 

mtrR 

Isolated and 

amplified by 

PCR. 

DYEnamic ET 

Terminator Cycle 

Sequencing Kit 

(Amersham 

Biosciences, 

Piscataway, NJ) 

and ABI PRISM 

3100 Genetic 

Analyzer (Applied 

Biosystems, 

Foster City, CA). 

MIC determined by 

an agar dilution 

technique. 

National 

Committee for 

Clinical 

Laboratory 

Standards 

(NCCLS). 

MIC = 0.5µg/ml 

(reduced 

susceptibility to 

ceftriaxone). 

[3] 2005-2008 China Ceftriaxone penA, 

mtrR, 

por 

Isolated and 

amplified by 

PCR. 

Applied 

Biosystems 

3730x1 DNA 

Analyzer. 

MIC determined by 

an agar dilution 

technique. 

Clinical and 

Laboratory 

Standards 

Institute 

guidelines 

(CLSI). 

MIC = 0.125–

0.25 mg/L 

(reduced 

susceptibility to 

ceftriaxone) 

MIC = 0.004–

0.016 mg/L 

(susceptible to 

ceftriaxone) 

[4] 2008 Canada Ceftriaxone, 

Cefixime, 

Penicillin 

penA, 

ponA, 

mtrR, 

por 

Isolated and 

amplified by 

PCR. 

BigDye terminator 

methodology 

in a model 3130xl 

DNA sequence 

analyzer (Applied 

Biosystem/Perkin-

Elmer, 

Foster City, CA). 

MIC determined by 

an agar dilution 

technique. 

Clinical and 

Laboratory 

Standards 

Institute 

guidelines 

(CLSI). 

MIC = 0.125 to 

0.25 µg/ml 

(reduced 

susceptibility to 

cefixime) 

MIC = 0.032 to 

0.125 µg/ml 

(reduced 
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susceptibility to 

ceftriaxone) 

[5] 2011 Vietnam Ceftriaxone, 

Cefixime 

penA, 

mtrR. 

porB 

Isolated and 

amplified by 

PCR. 

BigDye 

Terminator v3.1 

Cycle Sequencing 

Kit (Applied 

Biosystems, Foster 

City, CA, USA) on 

a GeneAmp 2720 

Thermal Cycler 

(Applied 

Biosystems). 

MIC determined by 

Etest method 

(bioMerieux 

AB, Solna, Sweden). 

The European 

Committee on 

Antimicrobial 

Susceptibility 

Testing 

(EUCAST). 

MIC ≥ 0.125 
mg/L 

(reduced 

susceptibility to 

ceftriaxone and 

cefixime) 

[6] 2011-2012 China Ceftriaxone penA, 

mtrR. 

porB. 

ponA 

Isolated and 

amplified by 

PCR. 

Applied 

Biosystems 

3730XL DNA 

automatic 

sequencer. 

MIC determined by 

an agar dilution 

technique. 

Clinical and 

Laboratory 

Standards 

Institute 

guidelines 

(CLSI). 

MIC ≥0.125 

mg/L 

(reduced 

susceptibility to 

ceftriaxone). 

[7] 2011-2014 Italy Cefixime penA, 

mtrR 

Isolated and 

amplified by 

PCR. 

Automatic 

sequencer (model 

3730xl; Applied 

Biosystems, 

Weiterstadt, 

Germany). 

MIC determined by 

Etest (bioMe´rieux) 

and MIC TEST 

STRIP method 

(Liofilchem 

Diagnostici). 

The European 

Committee on 

Antimicrobial 

Susceptibility 

Testing 

(EUCAST). 

MIC >0.064–

0.125 mg/L 

(reduced 

susceptibility to 

cefixime). 

[8] 2014-2015 China Cefixime, 

Ceftriaxone 

penA, 

mtrR 

Isolated and 

amplified by 

PCR. 

Applied 

Biosystems 

3730XL DNA 

automatic 

sequencer. 

MIC determined by 

an agar dilution 

technique. 

Clinical and 

Laboratory 

Standards 

Institute 

guidelines 

(CLSI). 

MIC ≥ 0.125 

mg/L 

(reduced 

susceptibility to 

ceftriaxone) 

MIC ≥ 0. 25 

mg/L 

(reduced 

susceptibility to 

cefixime). 
 

[9] 2015-2016 China Ceftriaxone penA, 

mtrR. 

penB 

Isolated and 

amplified by 

PCR. 

NA MIC determined by 

an agar dilution 

technique. 

The European 

Committee on 

Antimicrobial 

Susceptibility 

MIC ≥ 0.125 

mg/L 
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Testing 

(EUCAST). 

(reduced 

susceptibility to 

ceftriaxone). 

[10] 2009-2013 Argentina Ceftriaxone, 

Cefixime 

penA, 

mtrR 

Isolated and 

amplified by 

PCR. 

BigDye terminator 

v3.1 cycle 

sequencing kits 

(Applied 

Biosystems, Foster 

City, Calif ) on an 

ABI 3500 Genetic 

Analyzer (Applied 

Biosystems). 

MIC determined by 

an agar dilution 

technique. 

Clinical and 

Laboratory 

Standards 

Institute 

guidelines 

(CLSI). 

MIC 0.06–0.25 

mg/L 

(reduced 

susceptibility to 

ceftriaxone) 

MIC 0.125–0.25 

mg/L 

(reduced 

susceptibility to 

cefixime). 

[11] 2012-2015 New 

Zealand 

Ceftriaxone penA, 

mtrR, 

penB, 

ponA 

Isolated and 

amplified by 

PCR. 

NA MIC determined by 

MIC test strips. 

Institute of 

Environmental 

Science and 

Research 

Limited 

(ESR), 

Porirua, New 

Zealand, and 

the Australian 

Gonococcal 

Surveillance 

Programme 

(AGSP). 

MIC = 0.06 to 

0.125 mg/L 

(reduced 

susceptibility to 

ceftriaxone) 

[12] 2009-2017 Netherlands Ceftriaxone penA Isolated and 

amplified by 

PCR. 

BigDyeTerminator, 

sequencing buffer 

and sequenced 

using an ABI 3130 

automated 

sequencer. 

MIC determined by 

Etest method 

(bioMérieux, France). 

Clinical and 

Laboratory 

Standards 

Institute 

guidelines 

(CLSI) and 

The European 

Committee on 

Antimicrobial 

Susceptibility 

Testing 

(EUCAST). 

MIC ≥0.064 

mg/L (reduced 

susceptibility to 

ceftriaxone). 
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[13]  2015-2017 Russia Ceftriaxone penA Isolated and 

amplified by 

PCR. 

3730xl Genetic 

Analyzer (Applied 

Biosystems, USA). 

MIC determined by 

an agar dilution 

technique. 

The European 

Committee on 

Antimicrobial 

Susceptibility 

Testing 

(EUCAST). 

MIC 0.25 mg/L 

and 0.125 mg/L 

(reduced 

susceptibility to 

ceftriaxone). 

 

 

       MIC = minimum inhibitory concentration. NA = not available.  
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Table 2. Characteristics of the studies of isolates resistant to penicillin, ceftriaxone, and cefixime. 

Author 

Year of 

publication Study period Local  

Number 

of 

isolates 

Number 

of isolates 

screened Antibiotics 
Gene M W MSM MSW SW Men age 

Women 

age 

Anatomic 

site 

[14] 2006 NA Russia 31 31 Penicillin 
penA, ponA, penB NA NA NA NA NA NA NA NA 

[4] 2011 2008 Canada 149 149 

Ceftriaxone, 

Cefixime, 

Penicillin 

penA, ponA, 

mtrR, por NA NA NA NA NA NA NA NA 

[5] 2013 2011 Vietnam 108 108 

Ceftriaxone, 

Cefixime 
penA, mtrR, por 85 19 NA NA NA 28.5 29 NA 

[15] 2014 2007- 2012 China 278 15 Ceftriaxone 
penA, mtrR, penB 232 46 NA NA NA NA NA 

Urethra, 

endocervice 

[16] 
2015 2011 - 2013 Korea 210 210 

Ceftriaxone, 

Cefixime 
penA 136 47 NA NA 27 NA NA NA 

[17] 2016 2010 - 2014 France 6340 6340 Ceftriaxone 
penA, mtrR, penB NA NA NA NA NA NA NA NA 

[7] 2016 2011 - 2014 Italy 900 65 Cefixime 
penA, mtrR NA NA NA NA NA NA NA NA 

[9] 2017 2015 - 2016 China 128 128 Ceftriaxone 
penA, mtrR, penB 120 8 NA NA NA 32,8 ± 10,1 34,8 ± 9,4 

Urethra, 

endocervice 

[18] 2018 2003 - 2008 Canada 146 146 Penicillin 
penA, mtrR, penB NA NA NA NA NA NA NA NA 

[11] 2018 2012 - 2015 

New 

Zaeland 28 28 Penicillin 

penA, mtrR, 

penB, ponA NA NA NA NA NA NA NA NA 

[19] 2019 2015 - 2017 China 379 379 Ceftriaxone 
penA NA NA NA NA NA NA NA NA 

[20] 2019 2013 - 2015 Portugal 30 30 

Penicillin, 

Cefixime 
penA, mtrR 30 0 30 0 NA NA NA 

Urethra, 

anus 

[21] 2020 2013 - 2018 Kenya 36 36 Penicillin 

penA, penB, 

mtrR, ponA NA NA NA NA NA NA NA 

Urethra, 

endocevice 

M= men. W= women. MSM = men who have sex with men. MSW = men who have sex with women. SW= sex workers. NA = not available. 

 

 



SUPPLEMENTARY MATERIAL-TABLES 

Table 2. Characteristics of the studies of isolates resistant to penicillin, ceftriaxone and cefixime. 

Author/Year 

of 

publication 

Study 

period 

Local Antibiotics Gene Genes and mutations 

identification 

Nucleotide 

sequencing 

Antimicrobial 

susceptibility 

testing 

MIC 

determinants 

MIC breakpoints 

[14]. NA Russia Penicillin penA, 

ponA, 

penB 

NA Sequenced by 

mass 

spectrometry. 

MIC determined 

by an agar 

dilution 

technique. 

National 

Committee for 

Clinical 

Laboratory 

Standards 

(NCCLS). 

MIC ≥ 0.25 µg/ml 

(resistance to 

penicillin). 

[4] 2008 Canada Penicillin penA, 

ponA, 

mtrR. 

por 

Isolated and 

amplified by PCR. 

BigDye 

terminator 

methodology 

in a model 3130xl 

DNA sequence 

analyzer (Applied 

Biosystem/Perkin-

Elmer, 

Foster City, CA). 

MIC determined 

by an agar 

dilution 

technique. 

Clinical and 

Laboratory 

Standards 

Institute 

guidelines 

(CLSI). 

MIC ≥ 2 µg/ml 

(resistance to 

penicillin). 

[5] 2011 Vietnam Ceftriaxone, 

Cefixime 

penA, 

mtrR, 

por 

Isolated and 

amplified by PCR. 

BigDye 

Terminator v3.1 

Cycle Sequencing 

Kit (Applied 

Biosystems, 

Foster City, CA, 

USA) on a 

GeneAmp 2720 

Thermal Cycler 

(Applied 

Biosystems). 

MIC determined 

by Etest method 

(bioMerieux 

AB, Solna, 

Sweden). 

The European 

Committee on 

Antimicrobial 

Susceptibility 

Testing 

(EUCAST). 

MIC > 1.0 mg/l 

(resistance to 

penicillin) 

MIC >0.125 mg/l 

(resistance to 

ceftriaxone) 

MIC > 0.125 mg/l 

(resistance to 

cefixime). 

[15] 2007-2012 China Ceftriaxone penA, 

mtrR, 

penB 

Isolated and 

amplified by PCR. 

NA MIC determined 

by an agar 

dilution 

technique. 

The European 

Committee on 

Antimicrobial 

Susceptibility 

Testing 

(EUCAST). 

MIC >125mg/l 

(resistance to 

ceftriaxone). 

[16] 2011-2013 Korea Ceftriaxone, 

Cefixime 

penA Isolated and 

amplified by PCR. 

NA MIC determined 

by an agar 

The European 

Committee on 

MIC > 0.12 mg/l 

(resistance to 

cefixime) 
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dilution 

technique. 

Antimicrobial 

Susceptibility 

Testing 

(EUCAST). 

MIC >0.12mg/l 

(resistance to 

ceftriaxone). 

 

[17] 2010-2014 France Ceftriaxone penA, 

mtrR. 

penB 

DNA 

amplification was 

performed with 

the GS Junior Lib-

L library. 

Sequencing was 

carried out using 

the GS Junior 

XL + kit in the 

454-GS Junior 

instrument. 

MIC determined 

by Etest method 

(bioMérieux, 

France). 

The European 

Committee on 

Antimicrobial 

Susceptibility 

Testing 

(EUCAST). 

MIC > 0.125mg/l 

(resistance to 

ceftriaxone). 

[7] 2011-2014 Italy Cefixime penA, 

mtrR 

Isolated and 

amplified by PCR. 
Automatic 

sequencer (model 

3730xl; Applied 

Biosystems, 

Weiterstadt, 

Germany). 

MIC determined 

by Etest 

(bioMe´rieux) 

and MIC TEST 

STRIP method 

(Liofilchem 

Diagnostici). 

The European 

Committee on 

Antimicrobial 

Susceptibility 

Testing 

(EUCAST). 

MIC >0.125mg/l 

(resistance to 

cefixime). 

[9] 2015-2016 China Ceftriaxone penA, 

mtrR, 

penB 

Isolated and 

amplified by PCR. 

NA MIC determined 

by an agar 

dilution 

technique. 

The European 

Committee on 

Antimicrobial 

Susceptibility 

Testing 

(EUCAST). 

MIC >0.125mg/l 

(resistance to 

ceftriaxone). 

[18] 2003-2008 Canada Penicillin penA, 

mtrR, 

penB 

Isolated and 

amplified by PCR. 

Applied 

Biosystems 

3730xl DNA 

Analyzer 

instrument (Plant 

Biotechnology 

Institute, National 

Research Council 

of Canada, 

Saskatoon, SK, 

Canada). 

MIC determined 

by an agar 

dilution 

technique. 

Clinical and 

Laboratory 

Standards 

Institute 

guidelines 

(CLSI). 

MIC = 2–4 mg/L 

(resistance to 

penicillin). 

[11] 2012-2015 New 

Zaeland 

Penicillin penA, 

mtrR, 

penB, 

ponA 

Isolated and 

amplified by PCR. 

NA MIC determined 

by MIC test 

strips. 

The European 

Committee on 

Antimicrobial 

Susceptibility 

NA 
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Testing 

(EUCAST). 

[19] 2015-2017 China Ceftriaxone penA Isolated and 

amplified by PCR. 

NA MIC determined 

by an agar 

dilution 

technique. 

The European 

Committee on 

Antimicrobial 

Susceptibility 

Testing 

(EUCAST). 

MIC >0.125mg/l 

(resistance to 

ceftriaxone). 

[20] 2013-2015 Portugal Penicilin, 

Cefixime 

penA, 

mtrR 

Isolated and 

amplified by PCR. 

NA MIC determined 

by E-test method. 

The European 

Committee on 

Antimicrobial 

Susceptibility 

Testing 

(EUCAST). 

NA 

[21] 2013-2018 Kenya Penicillin penA, 

penB, 

mtrR, 

ponA 

Whole-genome 

sequencing. 

Illumina Nextera 

XT kit (Illumina 

Inc. San Diego, 

CA, USA) 

Sequence reads 

were generated on 

Illumina MiSeq 

platform 

(Illumina, San 

Diego, CA, USA) 

using a paired-end 

2 × 300 bp 

protocol. 

MIC determined 

by E-test method 

(Biomerieux). 

The European 

Committee on 

Antimicrobial 

Susceptibility 

Testing 

(EUCAST). 

MIC >1mg/l 

(resistance to 

penicillin). 

MIC = minimum inhibitory concentration. NA = not available. 
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Table 3. Characteristics of studies on the mtrR gene of isolates with reduced susceptibility. 

Author 

Year of 

publication Study period Local 

Number 

of isolates 

Number 

of isolates 

analisados Antibiotics 
Gene M W MSM MSW SW Men age 

Women 

age Anatomic site 

[2] 2006 2000 a 2001 Japan 398 398 Ceftriaxone 
penA, ponA, mtrR NA NA NA NA NA NA NA Urethra 

[3] 2011 2005 e 2008 China 230 230 Ceftriaxone 
penA, mtrR, por 230 0 NA NA NA NA NA NA 

[4] 2011 2008 Canada 149 149 

Ceftriaxone, 

Cefixime, 

Penicillin 

penA, ponA, mtrR, 

por NA NA NA NA NA NA NA NA 

[5] 2013 2011 Vietnam 108 108 

Ceftriaxone, 

Cefixime 
penA, mtrR, porB 85 19 NA NA NA 28.5 29 NA 

[8] 2017 2014 e 2015 China 126 126 

Cefixime, 

Ceftriaxone, 
penA, mtrR NA NA NA NA NA NA NA 

Urethra, 

cervice 

[9] 2017 2015 - 2016 China 128 128 Ceftriaxone 
penA, mtrR, penB 120 8 NA NA NA 32,8 ± 10,1 34,8 ± 9,4 

Urethra 

endocervice 

[10] 
2017 2009 - 2013 Argentina 1987 1987 

Ceftriaxone, 

Cefixime 
penA, mtrR NA NA NA NA NA NA NA NA 

[17] 2016 2011 - 2014 Italy 900 65 Cefixime 
penA, mtrR NA NA NA NA NA NA NA NA 

[11] 2018 2012 - 2015 

New 

Zaeland 28 28 Penicillin 

penA, mtrR, penB, 

ponA NA NA NA NA NA NA NA NA 

[13] 2019 2015-2017 Russia 522 522 

Penicillin, 

Ceftriaxone 

pena 

mtrR NA NA NA NA NA NA NA NA 

M= men. W= women. MSM = men who have sex with men. MSW = men who have sex with women. SW= sex workers. NA = not available. 
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Table 3. Characteristics of studies on the mtrR gene of isolates with reduced susceptibility. 

Author/Year 

of 

publication 

Study 

period 

Local Antibiotics Gene Genes and 

mutations 

identification 

Nucleotide 

sequencing 

Antimicrobial 

susceptibility 

testing 

MIC determinants MIC breakpoints 

[2] 2000 - 2001 Japan Ceftriaxone penA, 

ponA, 

mtrR 

Isolated and 

amplified by PCR. 

DYEnamic ET 

Terminator Cycle 

Sequencing Kit 

(Amersham 

Biosciences, 

Piscataway, NJ) 

and ABI PRISM 

3100 Genetic 

Analyzer (Applied 

Biosystems, 

Foster City, CA). 

MIC determined by 

an agar dilution 

technique. 

National 

Committee for 

Clinical Laboratory 

Standards 

(NCCLS). 

MIC = 0.5µg/ml 

(reduced 

susceptibility to 

ceftriaxone). 

[3] 2005-2008 China Ceftriaxone penA, 

mtrR, 

por 

Isolated and 

amplified by PCR. 

Applied Biosystems 

3730x1 DNA 

Analyzer. 

MIC determined by 

an agar dilution 

technique. 

Clinical and 

Laboratory 

Standards Institute 

guidelines (CLSI). 

MIC = 0.125–

0.25 mg/L 

(reduced 

susceptibility to 

ceftriaxone) 

MIC = 0.004–

0.016 mg/L 

(susceptible to 

ceftriaxone).   

[4] 2008 Canada Ceftriaxone, 

Cefixime, 

Penicillin 

penA, 

ponA, 

mtrR, 

por 

Isolated and 

amplified by PCR. 

BigDye terminator 

methodology 

in a model 3130xl 

DNA sequence 

analyzer (Applied 

Biosystem/Perkin-

Elmer, 

Foster City, CA). 

MIC determined by 

an agar dilution 

technique. 

Clinical and 

Laboratory 

Standards Institute 

guidelines (CLSI). 

MIC = 0.125 to 

0.25 µg/ml 

(reduced 

susceptibility to 

cefixime) 

MIC = 0.032 to 

0.125 µg/ml 

(reduced 

susceptibility to 

ceftriaxone). 

[5] 2011 Vietna

m 

Ceftriaxone, 

Cefixime 

penA, 

mtrR. 

porB 

Isolated and 

amplified by PCR. 

BigDye Terminator 

v3.1 Cycle 

Sequencing Kit 

(Applied Biosystems, 

Foster City, CA, 

MIC determined by 

Etest method 

(bioMerieux 

AB, Solna, 

Sweden). 

The European 

Committee on 

Antimicrobial 

Susceptibility 

Testing (EUCAST). 

MIC ≥ 0.125 mg/L 
(reduced 

susceptibility to 

ceftriaxone and 

cefixime). 
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USA) on a GeneAmp 

2720 Thermal Cycler 

(Applied 

Biosystems). 

[8] 2014 - 2015 China Cefixime, 

Ceftriaxone 

penA, 

mtrR 

Isolated and 

amplified by PCR. 

Applied Biosystems 

3730XL DNA 

automatic sequencer. 

MIC determined by 

an agar dilution 

technique. 

Clinical and 

Laboratory 

Standards Institute 

guidelines (CLSI). 

MIC ≥ 0.125 

mg/L  

(reduced 

susceptibility to 

ceftriaxone)  

MIC ≥ 0. 25 mg/L 

(reduced 

susceptibility to 

cefixime). 
 

[9] 2015 - 2016 China Ceftriaxone penA, 

mtrR. 

penB 

Isolated and 

amplified by PCR. 

NA MIC determined by 

an agar dilution 

technique 

The European 

Committee on 

Antimicrobial 

Susceptibility 

Testing (EUCAST). 

MIC ≥ 0.125 

mg/L 

(reduced 

susceptibility to 

ceftriaxone). 

[7] 2011 - 2014 Italy Cefixime penA, 

mtrR 

Isolated and 

amplified by PCR. 

Automatic sequencer 

(model 3730xl; 

Applied Biosystems, 

Weiterstadt, 

Germany). 

MIC determined by 

Etest (bioMe´rieux) 

and MIC TEST 

STRIP method 

(Liofilchem 

Diagnostici). 

The European 

Committee on 

Antimicrobial 

Susceptibility 

Testing (EUCAST). 

MIC >0.064–

0.125 mg/L 

(reduced 

susceptibility to 

cefixime). 

[10] 2009 - 2013 Argenti

na 

Ceftriaxone, 

Cefixime 

penA, 

mtrR 

Isolated and 

amplified by PCR. 

BigDye terminator 

v3.1 cycle 

sequencing kits 

(Applied Biosystems, 

Foster City, Calif) on 

an ABI 3500 Genetic 

Analyzer (Applied 

Biosystems). 

MIC determined by 

an agar dilution 

technique. 

Clinical and 

Laboratory 

Standards Institute 

guidelines (CLSI). 

MIC 0.06–0.25 

mg/L 

(reduced 

susceptibility to 

ceftriaxone) 

MIC 0.125–0.25 

mg/L 

(reduced 

susceptibility to 

cefixime). 

[11] 2012 - 2015 New 

Zealan

d 

Ceftriaxone penA, 

mtrR, 

penB, 

ponA 

Isolated and 

amplified by PCR. 

NA MIC determined by 

MIC test strips. 

Institute of 

Environmental 

Science and 

Research Limited 

MIC = 0.06 to 

0.125 mg/L 
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(ESR), Porirua, 

New Zealand, and 

the Australian 

Gonococcal 

Surveillance 

Programme 

(AGSP). 

(reduced 

susceptibility to 

ceftriaxone). 

[13] 2015-2017 Russia Ceftriaxone penA, 

mtrR 

Isolated and 

amplified by PCR. 

3730xl Genetic 

Analyzer (Applied 

Biosystems, USA). 

MIC determined by 

an agar dilution 

technique. 

The European 

Committee on 

Antimicrobial 

Susceptibility 

Testing (EUCAST). 

MIC =0.25 mg/L 

and 0.125 mg/L 

(reduced 

susceptibility to 

ceftriaxone). 

MIC = minimum inhibitory concentration. NA = not available.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



SUPPLEMENTARY MATERIAL-TABLES 

Table 4. Characteristics of studies on the mtrR gene of resistant isolates. 

Author 

Year of 

publication Study period Local  

Number 

of 

isolates 

Number 

of isolates 

analisados Antibiotics 

Gene 

 M W MSM MSW SW Men age Women age Anatomic site 

[5] 2013 2011 Vietnam 108 108 

Ceftriaxone, 

Cefixime 
penA, mtrR, porB 85 19 NA NA NA 28.5 29 NA 

[22] 2014 2007 - 2012 China 278 278 Ceftriaxone 
mtrR, penA 232 46 NA NA NA 36.4 35,2 Urethra, cervice 

[23] 2016 2013 - 2014 France 970 970 Azithromicin 
mtrR NA NA NA NA NA NA NA NA 

[18] 2018 2003 - 2008 Canada 146 146 Penicillin 
penA, mtrR, penB NA NA NA NA NA NA NA NA 

[9] 2017 2015 - 2016 China 128 128 Ceftriaxone 
penA, mtrR, penB 120 8 NA NA NA 32.8 +- 10.1 34,8 ± 9,4 Urethra, endocervice 

[24] 2019 2001 - 2018 Taiwan 598 598 Azithromicin 
mtrR NA NA NA NA NA NA NA 

Urethra, vagina, pus, 

eye, blood, surgical 

wound, gastric juice, 

synovial fluid, 

Bartholin abscess 

[25] 2019 2014 - 2017 China 55 55 Azithromicin 
mtrR 52 3 NA NA NA 32 32 Urethra, NA 

[7] 2016 2011 - 2014 Italy 900 65 Cefixime 
penA, mtrR NA NA NA NA NA NA NA NA 

[11] 2018 2012 - 2015 

New 

Zaeland 28 28 Penicillin 

penA, mtrR, penB, 

ponA NA NA NA NA NA NA NA NA 

[20] 2019 2013 - 2015 Portugal 30 30 

Penicillin, 

Cefixime 
penA, mtrR 30 0 30 0 NA NA NA Urethra, anus 

[21] 2020 2013 - 2018 Kenya 36 36 Penicillin 

penA, penB, mtrR, 

ponA, bla NA NA NA NA NA NA NA Urethra, endocevice 

[26] 2020 NA 

South 

Africa 51 27 

Penicillin, 

azithromicin, 

tetracycline 
mtrR 51 0 32 19 NA 27 NA Urethra 

 
M= men. W= women. MSM = men who have sex with men. MSW = men who have sex with women. SW= sex workers. NA = not available. 
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Table 4. Characteristics of studies on the mtrR gene of resistance isolates. 

Author/Year 

of 

publication 

Study 

period 

Local Antibiotics Gene Gene and 

mutations 

identification 

Nucleotide 

sequencing 

Antimicrobial 

susceptibility 

testing 

MIC 

determinants 

MIC breakpoints 

[5] 2011 Vietnam Ceftriaxone, 

Cefixime 

penA, 

mtrR, 

por 

Isolated and 

amplified by 

PCR. 

BigDye Terminator 

v3.1 Cycle 

Sequencing Kit 

(Applied 

Biosystems, Foster 

City, CA, USA) on 

a GeneAmp 2720 

Thermal Cycler 

(Applied 

Biosystems). 

MIC determined 

by Etest method 

(bioMerieux 

AB, Solna, 

Sweden). 

The European 

Committee on 

Antimicrobial 

Susceptibility 

Testing 

(EUCAST). 

MIC > 1.0 mg/l  

(resistance to 

penicillin) 

MIC >0.125 mg/l 

(resistance to 

ceftriaxone) 

MIC > 0.125 

mg/l 

(resistance to 

cefixime). 

[22] 2007-2012 China Ceftriaxone penA, 

mtrR, 

penB 

Isolated and 

amplified by 

PCR. 

NA MIC determined 

by an agar 

dilution 

technique. 

The European 

Committee on 

Antimicrobial 

Susceptibility 

Testing 

(EUCAST). 

MIC >125mg/l 

(resistance to 

ceftriaxone). 

[23] 2013-2014 France Azithromycin mtrR Isolated and 

amplified by 

PCR. 

Automated DNA 

sequence analysis 

(3100 capillary 

array, Applied 

Biosystems). 

MIC determined 

by Etest method 

(i2A, France and 

bioMérieux). 

The European 

Committee on 

Antimicrobial 

Susceptibility 

Testing 

(EUCAST). 

MIC > 0.5mg/l 

(resistance to 

azithromycin). 

[18] 2003-2008 Canada Penicillin penA, 

mtrR, 

penB 

Isolated and 

amplified by 

PCR. 

Applied 

Biosystems 

3730xl DNA 

Analyzer 

instrument (Plant 

Biotechnology 

Institute, National 

Research Council 

of Canada, 

Saskatoon, SK, 

Canada). 

MIC determined 

by an agar 

dilution 

technique. 

Clinical and 

Laboratory 

Standards 

Institute 

guidelines 

(CLSI). 

MIC 2–4 mg/L 

(resistance to 

penicillin). 
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[9] 2015-2016 China Ceftriaxone penA, 

mtrR, 

penB 

Isolated and 

amplified by 

PCR. 

NA MIC determined 

by an agar 

dilution 

technique. 

The European 

Committee on 

Antimicrobial 

Susceptibility 

Testing 

(EUCAST). 

MIC >0.125mg/l 

(resistance to 

ceftriaxone). 

[24] 2001-2018 Taiwan Azithromycin mtrR Isolated and 

amplified by 

PCR. 

NA MIC determined 

by an agar 

dilution 

technique. 

The European 

Committee on 

Antimicrobial 

Susceptibility 

Testing 

(EUCAST). 

MIC ≥ 1µg/ml 

(resistance to 

azithromycin). 

[25] 2014-2017 China Azithromycin mtrR Isolated and 

amplified by 

PCR. 

NA MIC determined 

by E-test method 

(Wenzhou 

Kangtai 

Biological 

Technology Co., 

Ltd.). 

Clinical and 

Laboratory 

Standards 

Institute (CLSI). 

MIC ≥ 1µg/ml  

(azithromycin 

resistance). 

[7] 2011-2014 Italy Cefixime penA, 

mtrR 

Isolated and 

amplified by 

PCR. 

Automatic 

sequencer (model 

3730xl; Applied 

Biosystems, 

Weiterstadt, 

Germany). 

MIC determined 

by Etest 

(bioMe´rieux) 

and MIC TEST 

STRIP method 

(Liofilchem 

Diagnostici). 

The European 

Committee on 

Antimicrobial 

Susceptibility 

Testing 

(EUCAST). 

MIC >0.125mg/l 

(resistance to 

cefixime). 

[11] 2012-2015 New 

Zaeland 

Penicillin penA, 

mtrR, 

penB, 

ponA 

Isolated and 

amplified by 

PCR. 

NA MIC detemrined 

by MIC test 

strips. 

The European 

Committee on 

Antimicrobial 

Susceptibility 

Testing 

(EUCAST). 

NA 

[20] 2013-2015 Portugal Penicilin, 

Cefixime 

penA, 

mtrR 

Isolated and 

amplified by 

PCR. 

NA MIC determined 

by E-test method. 

The European 

Committee on 

Antimicrobial 

Susceptibility 

Testing 

(EUCAST). 

NA 
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[21] 2013-2018 Kenya Penicillin penA, 

penB, 

mtrR, 

ponA 

Whole-genome 

sequencing. 

Illumina Nextera 

XT kit (Illumina 

Inc. San Diego, 

CA, USA) 

Sequence reads 

were generated on 

Illumina MiSeq 

platform (Illumina, 

San Diego, CA, 

USA) using a 

paired-end 2 × 300 

bp protocol. 

MIC determined 

by E-test method 

(Biomerieux). 

The European 

Committee on 

Antimicrobial 

Susceptibility 

Testing 

(EUCAST). 

MIC >1mg/l 

(resistance to 

penicillin). 

[26] 2018-2019 South 

Africa 

Penicillin, 

azithromycin, 

tetracycline  

mtrR Whole-genome 

seguencing. 
 Nextera XT 

library preparation 

kit (Illumina, 

Eindhoven, The 

Netherlands). 

Paired-end 250-bp 

indexed reads were 

generated on the 

Illumina MiSeq. 

MIC determined 

by E-test method 

(bioMérieux, 

France). 

The European 

Committee on 

Antimicrobial 

Susceptibility 

Testing 

(EUCAST). 

NA for penicillin 

and tetracycline. 

For 

azithromycin, No 

EUCAST 

resistance 

breakpoint exists. 

Epidemiological 

cutoff value of 

1.0 mg/l was 

used for 

interpretation. 

 

MIC = minimum inhibitory concentration. NA = not available.  
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Table 5. Characteristic of gyrA and parC studies. 

 

Author 

Year of 

publication Study period Local  

Number 

of isolates 

Number 

of 

isolates 

screened Antibiotics 
Gene M W MSM MSW SW 

Men 

age 

Women 

age Anatomic site 

[27] 1999 1994 - 1996 Far East and US 234 234 Ciprofloxacin  gyrA, parC NA NA NA NA 107 NA NA NA 

[28] 2000 1991 - 1998 Netherlands 2352 2352 Ciprofloxacin  gyrA, parC NA NA NA NA NA NA NA NA 

[29] 2000 1993 - 1997 Japan 85 85 Ciprofloxacin  gyrA, parC NA NA NA NA NA NA NA NA 

[30] 2000 1993 - 1998 Japan 502 502 Ciprofloxacin  gyrA, parC 502 0 NA NA NA NA NA NA 

[31] 2002 2000 - 2001 India 63 63 Ciprofloxacin  gyrA, parC NA NA NA NA NA NA NA Urethra 

[32] 2003 2000 - 2001 Spain 147 147 Ciprofloxacin  gyrA, parC NA NA NA NA NA NA NA NA 

[33] 2004 1998 - 1999 Japan 332 332 Ciprofloxacin  gyrA, parC 200 132 NA NA NA NA NA Urethra vagina 

[34] 2004 1999 - 2003 Korea 817 817 Ciprofloxacin  gyrA, parC NA NA NA NA NA NA NA NA 

[35] 2004 2002 Russia 32 32 Ciprofloxacin  gyrA, parC NA NA NA NA NA NA NA NA 

[36] 2004 1999 - 2001 Japan 131 131 Ciprofloxacin  gyrA, parC 131 0 NA NA NA NA NA NA 

[37] 2004 1999 - 2002 France 104 104 Ciprofloxacin  gyrA, parC NA NA NA NA NA NA NA NA 

[38] 2004 2000 -2001 Israel 80 80 Ciprofloxacin  gyrA, parC 53 27 53 NA 27 NA NA pharynx, 

Urethra [39] 2006 2004 - 2005 China 159 103 Ciprofloxacin  gyrA, parC 159 NA NA NA NA NA NA NA 

[40] 2006 2003 China 95 54 Ciprofloxacin  gyrA, parC 78 17  NA NA 33-96 33-96 NA 

[41] 2008 2004 - 2005 Russia 464 464 Ciprofloxacin  gyrA, parC NA NA NA NA NA NA NA NA 

[42] 2010 1999 - 2004 Taiwan 90 45 Ciprofloxacin  gyrA, parC NA NA NA NA NA NA NA NA 

[4] 2011 2008 Canada 149 149 Ciprofloxacin  gyrA, parC NA NA NA NA NA NA NA NA 

[43] 2011 2005 - 2010 Brazil 125 125 Ciprofloxacin  gyrA, parC NA NA NA NA NA NA NA Urethra, vagina, 

rectum [44] 2012 2007 - 2009 India 64 64 Ciprofloxacin  gyrA, parC 49 15 2 NA 7 NA NA NA 

[45] 2013 2007 - 2010 India,Pakistan,Buthan 65 65 Ciprofloxacin  gyrA, parC 60 5 NA NA NA NA NA NA 

[20] 2019 2013 - 2015 Portugal 30 30 Ciprofloxacin  gyrA, parC 30 NA 30 NA NA NA NA anus, Urethra 

[46] 2019 NA Kenya 84 22 Ciprofloxacin  gyrA, parC 73 11 NA NA NA NA NA NA 

[47] 2019 2013 - 2018 Ukraine 150 150 Ciprofloxacin  gyrA, parC 130 20 2 NA NA 29,2 28 NA 

 
M= men. W= women. MSM = men who have sex with men. MSW = men who have sex with women. SW= sex workers. NA = not available.  
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Table 5. Characteristics of gyrA and parC studies. 

 

Author/ year of 

publication 

Study 

period 

Local Antibiotics Gene Gene and 

mutations 

analysis 

Nucleotide 

sequencing 

Antimicrobial 

susceptibility 

testing 

MIC 

determinants 

MIC breakpoints 

[27] 1994-

1996 

Far East 

and US 

Ciprofloxacin gyrA, 

parC 

Isolated and 

amplified by 

PCR. 

NA MIC determined 

by an agar 

dilution 

technique. 

National 

Committee for 

Clinical 

Laboratory 

Standards 

(NCCLS) 

MIC ≥ 1.0mg/l 

(resistance to 

ciprofloxacin) 

MIC 0.06–0.5 

mg/l 

(intermediate 

resistance to 

ciprofloxacin) 

NA 

(susceptible to 

ciprofloxacin) 

[28] 1991-

1998 

Netherlands Ciprofloxacin gyrA, 

parC 

Isolated and 

amplified by 

PCR. 

ABI PRISM Big 

Dye cycle 

sequencing ready 

reaction kit on a 

377 DNA 

sequencer 

(Perkin-Elmer, 

Applied 

Biosystems, 

Foster City, 

Calif.). 

MIC determined 

by an agar 

dilution 

technique. 

NA MIC ≥ 1µg/ml 

(resistance to 

ciprofloxacin) 

MIC 0.12 to 0.5 

µg/ml 

(intermediate 

resistance to 

ciprofloxacin) 

NA 

(susceptible to 

ciprofloxacin) 

[29] 1993-

1997 

Japan Ciprofloxacin gyrA, 

parC 

Isolated and 

amplified by 

PCR. 

Dideoxy-chain 

termination 

method with the 

Taq DyeDeoxy 

Terminator Cycle 

Sequencing Kit 

and a model 373A 

autosequencer 

(ABI). 

MIC determined 

by an agar 

dilution 

technique. 

National 

Committee for 

Clinical 

Laboratory 

Standards 

(NCCLS) 

MIC ≥ 1 μg/ml 

(resistance to 

ciprofloxacin) 

MIC 0.06–0.5 

mg/l 

(intermediate 

resistance to 

ciprofloxacin) 

MIC ≤ 0.06 

μg/ml 

(susceptible to 

ciprofloxacin) 
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[30] 1993-

1998 

Japan Ciprofloxacin gyrA, 

parC 

Isolated and 

amplified by 

PCR. 

Taq DyeDeoxy 

terminator cycle-

sequencing kit 

and a Model 373A 

autosequencer 

(Applied 

Biosystems, 

Foster City, 

Calif.). 

MIC determined 

by an agar 

dilution 

technique. 

National 

Committee for 

Clinical 

Laboratory 

Standards 

(NCCLS) 

MIC ≥1µg/ml 

(resistance to 

ciprofloxacin) 

MICs ≥0.125 

µg/ml 

(decreased 

susceptibility to 

ciprofloxacin) 

MIC ≤0.06µg/ml 

(susceptible to 

ciprofloxacin) 

[31] 2000-

2001 

India Ciprofloxacing gyrA, 

parC 

Isolated and 

amplified by 

PCR. 

Taq DyeDeoxy 

terminator cycle-

sequencing kit 

and a Model 373A 

autosequencer 

(Applied 

Biosystems, 

Foster City, 

Calif.). 

MIC determined 

by Etest method. 

Knapp JS, Hale 

JA, Neal SW, et 

al. Proposed 

criteria for 

interpretation of 

susceptibilities 

of strains of 

Neisseria 

gonorrhoeae to 

ciprofloxacin, 

ofloxacin, 

enoxacin, 

lomefloxacin 

and norfloxacin. 

Antimicrob 

Agents 

Chemother 

1995;39:2442–

5. 

MIC ≥1 µg/ml) 

(resistance to 

ciprofloxacin) 

MIC 0.06 µg/ml 

to 0.75 µg/ml 

(intermediate 

resistance to 

ciprofloxacin) 

MIC <0.06µg/ml 

(susceptible to 

ciprofloxacin) 

[32] 2000-

2001 

Spain Ciprofloxacin gyrA, 

parC 

Isolated and 

amplified by 

PCR. 

NA MIC determined 

by an agar 

dilution 

technique and 

confirmerd by 

E-test method. 

NA MIC ≤0.06 

μg/mL 

(susceptible to 

ciprofloxacin) 

MIC 0.12 to 0.5 

μg/mL 

(intermediate 

resistance to 

ciprofloxacin) 
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MIC ≥1 μg/mL 

(resistance to 

ciprofloxacin) 

[33] 1998-

1999 

Japan Ciprofloxacin gyrA, 

parC 

Isolated and 

amplified by 

PCR. 

373A DNA 

Sequencer 

(Applied 

Biosystems, 

Foster City, Calif., 

USA). 

MIC determined 

by an agar 

dilution 

technique. 

National 

Committee for 

Clinical 

Laboratory 

Standards 

(NCCLS) 

MIC ≤ 

0.06µg/ml 

(susceptible to 

ciprofloxacin) 

MIC 0.12–

0.5µg/ml 

(intermediate 

resistance to 

ciprofloxacin) 

MIC ≥1µg/ml 

(resistance to 

ciprofloxacin) 

[34] 1999-

2003 

Korea Ciprofloxacin gyrA, 

parC 

Isolated and 

amplified by 

PCR. 

Taq DyeDeoxy 

terminator cycle 

sequencing kit 

MIC determined 

by an agar 

dilution 

technique. 

National 

Committee for 

Clinical 

Laboratory 

Standards 

(NCCLS) 

NA 

[35] 2002 Russia Ciprofloxacin gyrA, 

parC 

Isolated and 

amplified by 

PCR. 

 

ABI Prism 

BigDye 

Terminator Cycle 

Sequencing 

Ready Reaction 

Kit and the ABI 

Prism 3100 

Genetic Analyser 

(Applied 

Biosystems, USA; 

Hitachi, Japan). 

MIC determined 

by an agar 

dilution 

technique. 

National 

Committee for 

Clinical 

Laboratory 

Standards 

(NCCLS). 

 

NA 

[36] 1999-

2001 

Japan Ciprofloxacin gyrA, 

parC 

Isolated and 

amplified by 

PCR. 

 

BigDye 

Terminator Cycle 

Sequencing kit 

and an ABI 

PRISM 310 

Genetic Analyzer 

MIC determined 

by an agar 

dilution 

technique. 

National 

Committee for 

Clinical 

Laboratory 

Standards 

(NCCLS). 

 

MIC ≤0,06µg/ml 

(susceptible to 

ciprofloxacin) 

MIC 0.12 to 

0.5µg/ml 
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(Applied 

Biosystems). 

(intermadiate 

resistance to 

ciprofloxacin) 

MIC ≥1µg/ml 

(resistance to 

ciprofloxacin). 

 

[37] 1999-

2002 

France Ciprofloxacin gyrA, 

parC 

Isolated and 

amplified by 

PCR. 

 

The presence of 

mutations was 

determined when 

the enzymes 

failed to digest the 

amplified PCR 

products. The 

results obtained 

by restriction 

fragment analysis 

were confirmed 

by nucleotide 

sequencing of the 

PCR product. 

MIC determined 

by an agar 

dilution 

technique. 

National 

Committee for 

Clinical 

Laboratory 

Standards 

(NCCLS). 

 

NA 

[38] 2000-

2001 

Israel Ciprofloxacin gyrA, 

parC 

Isolated and 

amplified by 

PCR. 

 

BigDye 

Terminator Assay 

on a 3700 DNA 

Analyzer 

(Applied 

Biosystems). 

MIC determined 

by Etest method 

(AB Biodisk, 

Solna, Sweden). 

National 

Committee for 

Clinical 

Laboratory 

Standards 

(NCCLS). 

 

MIC 

<0,125µg/ml 

(susceptible to 

ciprofloxacin) 

MIC 

≥0,125µg/ml 

(intermediate 

resistance to 

ciprofloxacin) 

MIC ≥1µg/ml 

(resistance to 

ciprofloxacin). 

[39] 2004-

2005 

China Ciprofloxacin gyrA, 

parC  

Isolated and 

amplified by 

PCR. 

 

NA MIC determined 

by an agar 

dilution 

technique. 

National 

Committee for 

Clinical 

Laboratory 

Standards 

(NCCLS). 

NA 
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[40] 2003 China Ciprofloxacin gyrA, 

parC 

Isolated and 

amplified by 

PCR. 

 

ABI377 automatic 

sequencer 

(Applied 

Biosystems). 

MIC determined 

by an agar 

dilution 

technique. 

National 

Committee for 

Clinical 

Laboratory 

Standards 

(NCCLS). 

 

NA 

[41] 2004-

2005 

Russia Ciprofloxacin gyrA, 

parC 

Isolated and 

amplified by 

PCR. 

 

Detected by 

minisequencing 

reactions and 

modified Sanger 

method, using an 

ABI Prism 

BigDye 

Terminator cycle 

sequencing ready 

reaction kit and an 

ABI Prism 3100 

genetic analyzer 

(Applied 

Biosystems; 

Hitachi, Japan). 

MIC determined 

by an agar 

dilution 

technique. 

Clinical and 

Laboratory 

Standards 

Institute 

(CLSI). 

NA 

[42] 1999-

2004 

Taiwan Ciprofloxacin gyrA, 

parC 

Isolated and 

amplified by 

PCR. 

NA MIC determined 

by Etest (AB 

Biodisk, Solna, 

Sweden). 

Clinical and 

Laboratory 

Standards 

Institute 

(CLSI). 

MIC ≤0,06µg/ml 

(susceptible to 

ciprofloxacin) 

MIC 0.12 to 

0.5µg/ml 

(intermadiate 

resistance to 

ciprofloxacin) 

MIC ≥1µg/ml 

(resistance to 

ciprofloxacin) 

[4] 2008 Canada Ciprofloxacin gyrA, 

parC 

Isolated and 

amplified by 

PCR. 

 

BigDye 

terminator 

methodology 

MIC determined 

by an agar 

dilution 

technique. 

Clinical and 

Laboratory 

Standards 

MIC ≤0,06µg/ml 

(susceptible to 

ciprofloxacin) 
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in a model 3130xl 

DNA sequence 

analyzer (Applied 

Biosystem/Perkin-

Elmer, 

Foster City, CA). 

 Institute 

(CLSI). 

MIC 0.12 to 

0.5µg/ml 

(intermediate 

resistance to 

ciprofloxacin) 

MIC ≥1µg/ml 

(resistance to 

ciprofloxacin). 

[43] 2005-

2010 

Brazil Ciprofloxacin gyrA, 

parC 

Isolated and 

amplified by 

PCR. 

 

BigDye; Applied 

Biosystems, 

Foster City, CA 

on Applied 

Biosystems ABI 

Prism 3730 

automated DNA 

sequencer. 

MIC determined 

by Etest method 

(AB Biodisk. 

Solna, Sweden). 

Clinical and 

Laboratory 

Standards 

Institute 

(CLSI). 

MIC ≤0.06 

µg/ml 

(susceptible to 

ciprofloxacin) 

MIC 0.125µg/ml 

to 0.75µg/ml 

(intermediate 

resistance to 

ciprofloxacin) 

MIC ≥ 1 μg/ml 

(resistance to 

ciprofloxacin). 

[44] 2007-

2009 

India Ciprofloxacin gyrA, 

parC 

Isolated and 

amplified by 

PCR. 

BigDye; Applied 

Biosystems, 

Foster City, CA) 

on an ABI Prism 

3100 Automated 

DNA Sequencer 

(Applied 

Biosystems). 

Determined by 

Etest (AB 

BIODISK, 

Solna, Sweden). 

Clinical and 

Laboratory 

Standards 

Institute 

(CLSI). 

MIC ≥ 1 μg/ml 

(resistance to 

ciprofloxacin) 

MICs for 

susceptible and 

intermediate 

resistance was 

not available. 

[45] 2007-

2010 

India, 

Pakistan, 

Buthan 

Ciprofloxacin gyrA, 

parC 

Isolated and 

amplified by 

PCR. 

 

BigDye 

Terminator v3.1 

Cycle Sequencing 

Kit (Applied 

Biosystems, 

Foster City, CA, 

USA) on a 

GeneAmp 2720 

Thermal Cycler 

(Applied 

Biosystems). 

Determined by 

Etest. 

The European 

Committee on 

Antimicrobial 

Susceptibility 

Testing 

(EUCAST). 

MIC ≤0.03mg/l 

(susceptible to 

ciprofloxacin) 

MIC >0.06mg/l 

(resistance to 

ciprofloxacin). 
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[20] 2013-

2015 

Portugal Ciprofloxacin gyrA, 

parC 

Isolated and 

amplified by 

PCR. 

NA Determined by 

Etest. 

The European 

Committee on 

Antimicrobial 

Susceptibility 

Testing 

(EUCAST). 

NA 

[46] NA Kenya Ciprofloxacin gyrA, 

parC 

Whole 

genomes 

were 

sequenced 

using 

Illumina 

platform. 

Mutations in the 

GC Quinolone 

Resistant 

Determining 

Regions identified 

using Bioedit 

sequence 

alignment editor. 

Determined by 

E-test 

(BioMerieux). 

The European 

Committee on 

Antimicrobial 

Susceptibility 

Testing 

(EUCAST). 

MIC ≤0.03mg/l 

(susceptible to 

ciprofloxacin) 

MIC >0.06mg/l 

(resistance to 

ciprofloxacin). 

[47] 2013-

2018 

Ukraine Ciprofloxacin gyrA, 

parC 

Whole 

genome 

sequencing 

using the 

Nextera XT 

DNA library 

preparation 

kit and the 

Illumina 

MiSeq 

Platform. 

Whole genome 

sequencing using 

the Nextera XT 

DNA library 

preparation kit 

and the Illumina 

MiSeq Platform, 

and mutations 

identified in 

silico based on 

the de 

novo assembly. 

Determined by 

Etest 

(bioMérieux, 

Marcy-l'Étoile, 

France). 

The European 

Committee on 

Antimicrobial 

Susceptibility 

Testing 

(EUCAST). 

NA 

 

     MIC = minimum inhibitory concentration. NA = not available. 

 

 

 
 

Tabela 6. Characteristics of studies on the tetM gene. 

Author 

Year of 

publication Study period Local 

Number 

of 

isolates 

Number 

of isolates 

screened Antibiotics Gene M W MSM MSW SW Men age 

Women 

age Anatomic site 

[48] 1997 1994 e 1995 South Africa 210 210 Tetracycline 
tetM NA NA NA NA NA NA NA NA 
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[27] 1999 1994 Ohio 591 591 Tetracycline 
tetM NA NA NA NA NA NA NA NA 

[49] 2001 1998 a 1999 Benin 170 143 Tetracycline 
tetM 0 143 0 0 143 NA NA vagina 

[50] 2001 1994 - 1996 

Guyana, Saint 

Vincent, 

Trinidad 1686 1686 Tetracycline 
tetM NA NA NA NA NA NA NA NA 

[51] 2001 1999 Manaus/Brazil 168 81 Tetracycline 
tetM 139 29 NA NA NA NA NA 

Urethra, 

cérvice 

[52] 2002 1996 - 1999 Uruguay 181 181 Tetracycline 
tetM NA NA NA NA NA NA NA NA 

[53] 2007 1999 - 2006 China 1208 1208 Tetracycline 
tetM NA NA NA NA NA NA NA NA 

[54] 2018 2013 - 2015 Morocco 149 149 Tetracycline 
tetM 0 149 0 0 NA - 43,16 NA 

[13] 2018 2015 - 2017 Russia 401 401 Tetracycline 
tetM 322 79 NA NA NA 12 a 60 12 a 60 NA 

[47] 2019 2013 - 2018 Ukraine 150 150 Tetracycline 
tetM NA NA NA NA NA NA NA NA 

[55] 2019 2013 - 2014 South Africa 319 319 Tetracycline 
tetM 248 71 NA NA NA NA NA 

Urethra, 

cérvice 

[56] 2020 2013 - 2018 Kenya 36 36 Tetracycline 
tetM NA NA NA NA NA NA NA 

Urethra, 

cérvice 

M= men. W= women. MSM = men who have sex with men. MSW = men who have sexwith women. SW= sex workers. NA = not available. 

 

 

 

 

 

 

 

 

Table 6. Characteristics of studies on the tetM gene.   

 

Author/Year of 

publication 

Study period Local Antibiotics Gene Gene identification Antimicrobial 

susceptibility 

testing 

MIC 

determinants 

MIC breakpoints 



SUPPLEMENTARY MATERIAL-TABLES 

[48] 1994-1995 South Africa Tetracycline tetM Isolates was 

amplified by PCR to 

determine the 

presence of tetM. 

MIC determined by 

an agar dilution 

technique. 

 

NA MIC ≥16mg/l 

(high-level 

tetracycline-

resistance). 

[27] 1994 Ohio Tetracycline tetM Isolates was 

amplified by PCR to 

determine the 

presence of tetM. 

MIC determined by 

an agar dilution 

technique. 

 

National 

Committee for 

Clinical 

Laboratory 

Standards 

(NCCLS). 

MIC ≥2.0µg/ml 

(resistance to 

tetracycline). 

[49] 1998-1999 Benin Tetracycline tetM NA NA NA NA 

[50]. 1994-1996 Guyana, 

Saint 

Vincent, 

Trinidad 

Tetracycline tetM Isolates was 

amplified by PCR to 

determine the 

presence of tetM. 

MIC determined by 

an agar dilution 

technique. 

 

National 

Committee for 

Clinical 

Laboratory 

Standards 

(NCCLS). 

MIC ≥16µg/ml 

(resistance to 

tetracycline). 

[51] 1999 Brazil Tetracycline tetM NA MIC determined by 

an agar dilution 

technique. 

National 

Committee for 

Clinical 

Laboratory 

Standards 

(NCCLS). 

MIC ≥16µg/ml 

(resistance to 

tetracycline). 

[52]. 1996-1999 Uruguay Tetracycline tetM Isolates was 

amplified by PCR to 

determine the 

presence of tetM. 

MIC determined by 

an agar dilution 

technique. 

 

National 

Committee for 

Clinical 

Laboratory 

Standards 

(NCCLS). 

MIC ≥16µg/ml 

(resistance to 

tetracycline). 

[53] 1999-2006 China Tetracycline tetM Isolates was 

amplified by PCR to 

determine the 

presence of tetM. 

MIC determined by 

an agar dilution 

technique. 

 

WHO WPR 

Resistance 

Surveillance 

Programme 

guidelines. 

MIC ≥16mg/l 

(resistance to 

tetracycline). 

[54] 2013-2015 Morocco Tetracycline tetM Isolates was 

amplified by PCR to 

determine the 

presence of tetM. 

NA NA NA 



SUPPLEMENTARY MATERIAL-TABLES 

[13] 2015-2017 Russia Tetracycline tetM Oligonucleotide low-

density microarray 

was used to identify 

the presence of tetM 

gene. 

MIC determined by 

an agar dilution 

technique. 

The European 

Committee on 

Antimicrobial 

Susceptibility 

Testing 

(EUCAST). 

MIC ≤ 0.5 mg/L 

(susceptible to 

tetracycline) 

MIC > 0.5 ≤ 1 

mg/L 

(intermediate) 

MIC > 1 mg/L 

(resistance to 

tetracycline). 

[47] 2013-2018 Uckaine Tetracycline tetM Whole genome 

sequencing using the 

Nextera XT DNA 

library preparation 

kit and the Illumina 

MiSeq Platform. 

MIC determined by 

Etest (bioMérieux, 

Marcy-l'Étoile, 

France). 

The European 

Committee on 

Antimicrobial 

Susceptibility 

Testing 

(EUCAST). 

NA 

[55] 2013-2014 South Africa Tetracycline tetM The tetM gene was 

amplified by PCR. 

MIC determined by 

an agar dilution 

technique. 

 

The European 

Committee on 

Antimicrobial 

Susceptibility 

Testing 

(EUCAST). 

MIC >16mg/l. 

[56] 2013-2018 Kenya Tetracycline tetM Whole genome 

sequencing using 

Illumina Nextera XT 

kit (Illumina Inc. San 

Diego, CA, USA). 

MIC determined by 

E-test® 

(Biomerieux) 

method. 

The European 

Committee on 

Antimicrobial 

Susceptibility 

Testing 

(EUCAST). 

MIC ≤0.5mg/l 

(susceptible to 

tetracycline) 

MIC >1mg/l 

(resistance to 

tetracycline). 

MIC = minimum inhibitory concentration. NA = not available. 
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Table 7. Mutations in penA, and mtrR genes from studies of resistant isolates. 

Author 

Year 

of 

publication Mutations penA Mutations mtrR 

[14] 2006 D345a - 

[4] 2011 

XXXIV; XXXVII; 

XXXVIII; XXXV 

A deletion; G45D; A39T; 

R44H 

[5] 2013 A501T; XVIII 

A deletion; H105Y; A39T; 

G45D; D79N, T86A 

          [15] 2014 

new1; new6; new8; V; 

XVII; XIII; A501T; A501V; 

G42S 

A deletion; H105Y; A39T; 

G45D 

[16] 2015 XIII A deletion; A39T; 

[17] 2016 XXXIV; XXXVI A deletion 

[7] 2016 

XXXIV; A50IV; IV; XIX; 

XXXVI; P551L; G542S 

A deletion; H105Y; G45D; 

D19N; T86A; A39T 

[9] 2017 

II; XVII; XII; A375T; 

A501V; G452S; P551S 

A deletion; G45D; A39T; 

A40D 

[18] 2018 IX; II; XII; 

A deletion; G45D; H105Y; 

A39T 

[19] 2019 X; VII; XII; XIII; XXVII A deletion; G45D 

[11] 2019 

I312M; V316T; N512Y; 

G545S; A501V; P551S 

A deletion; H505Y; G34D; 

A39T; T86A 

[20] 2019 XXXX A deletion; 

[21] 2020 XIV; II; IX; XIX; XXII; 

A deletion; G45D; A39T; 

H205Y; D39N; T86A 
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Table 8. Mutations in penA, and mtrR genes from studies of isolates with reduced susceptibility. 

 

 

  

 

 

Author 

Year 

of 

publication Mutations penA Mutations mtrR 

[1] 2006 

F504L; A510V; N512Y; A516G; 

A509T; P522V; K555Q; I556V; 

mosaic-1; mosaic-2 - 

[2] 2006 Mosaico 

A deletion; G45A; 

Y105H 

[3] 2011 

A501V; A516G; F404L; P551S; 

I566V; I556V; K555Q 

A deletion; 139T; 

H105Y; G45D 

[4] 2011 

XXXIV; XXXVII; XXXVIII; 

XXXV 

A deletion; G45D; 

A39T; R44H 

[5] 2013 A501T; XVIII 

A deletion; H105Y; 

A39T; G45D; D79N, 

T86A 

[6] 2014 XVIII; XLI; XIII; A deletion 

[8] 2017 

XVII; XII; XXV; V; XXI; XVII; 

A501V; G4542S 

A deletion; G45D; 

A39T; A40D 

[10] 2017 XXXIV; X; V; XII; XIII A deletion; H105Y 

[9] 2017 

II; XVII; XII; A375T; A501V; 

G452S; P551S 

A deletion; G45D; 

A39T; A40D 

[11] 2018 

I312M; V316T; N512Y; G545S; 

A501V; P551S 

A deletion; H505Y; 

G34D; A39T; T86A 

[12] 2019 XXXIV; A501T - 

[13] 2019 D345a A deletion; T insertion 
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Table 9. Mutations in the mtrR gene. 

Author 

Year of 

publication mtrR mutations 

[2] 2006 A deletion; D95D; Y105H 

[3] 2011 A39T; H105Y; G45D; T86A; 

[4] 2011 A deletion; G45D; A39T 

[5] 2013 A deletion; A39T; H105Y; D79N; T86A; G45D 

[15] 2014 A deletion; H105Y; 545D; A39T 

[7] 2016 A deletion; H105Y; G24D; 

[23] 2016 

A deletion; A39T; R44H; A77P; H105Y; D76A; 

D79N; F178L; A142S 

[8] 2017 A deletion; G45D; A39T; A40D 

[9] 2017 A deletion; G45D 

[10] 2017 A deletion; H105Y 

[18] 2018 A deletion; G45D; H105Y; A39T 

[11] 2018 A deletion; G45D A39T; H105Y 

[25] 2019 A deletion; G45D; 

[20] 2019 A deletion; T insertion; G45D; A39T 

[24] 2019 A deletion; A39T; G45D 

[13] 2019 No mutations 

[26] 2020 A deletion; A39T 

[21] 2020 A deletion; A39T; G45D; T86A; D79N; H105Y 
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Table 10. Mutations in the gyrA and parC genes. 

Autor 

Year 

of 

publication gyrA parC 

[27] 1999 S91F 

D86N; E91K; R116L; S87N; 

G85C 

[28] 2000 S91F; D95N; D95G D86N; S87N; E91K 

[29] 2000 S91F; D95N; D95G; S88P; S87R; E91G 

[30] 2000 

S91F; A67S; A75S; D95G; 

D95N; 

S88P; R116H; A92G; E91G; 

E91Q; E91K; 

[31] 2002 S91F; D95N; D95G E91G; F100Y; 

[32] 2003 S91F; D95G D86N; S87R; L131L; Y104Y 

[33] 2004 

S91F; D95N; D95G; A92P; 

D95Y; D86N; S88P; E91G; S87N; S87I 

[34] 2004 S91F; D95G; D86N; S87R; E91G 

[35] 2004 S91F; D95G; S87R; E91G 

[36] 2004 S91F; D95N; D95G D86N; S87R; S88P 

[37] 2004 S91F; D95N D86N; E91G 

[38] 2004 S91F; D95N; D95A; D95G 

D86N; S87R; S87N; S88P; E91A; 

E91G; 

[39] 2006 S91F; A92P; D95A; D95G S87N; S87R; E91A; E91G 

[40] 2006 S91F; D95A; D95G; D95N D86N; S87N; E91G; S87I 

[41] 2008 S91F; D95N; D95A; D95G D87N 

[42] 2010 S91F; D95N; D95A; D95G S87R; S87N; E91A; D86N 

[4] 2011 S91F; D95G; D95A S87R; S87N; E91G; E91Q 

[43] 2011 S91F; D95G; Q102H D86N; S87R; E91K; E91Q; A92G 

[44] 2012 S91F; D95N; D95G E91G 

[45] 2013 S91F; D95N; D96G 

D86N; S87N; S87I; S87R; E91G; 

E91K; E91Q 

[20] 2019 S91F; D95A; D95G S87N; S87R; E91G; D86N; 

[46] 2019 S91F; D95G; D95A E91G 

[47] 2019 S91F; D95G S87R; E91G; S87N; D86N 
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