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We describe a multidrug-resistant  Neisseria gonor-
rhoeae  urethritis case with ceftriaxone resistance 
and azithromycin intermediate resistance in a hetero-
sexual man in Ireland, August 2018. Whole-genome 
sequencing showed that the isolate IR72 belongs 
to the internationally spreading multidrug-resistant 
ceftriaxone-resistant FC428 clade, initially described 
in Japan in 2015. IR72 was assigned MSLT ST1903, 
NG-MAST ST17842 and NG-STAR type 1133, including 
the ceftriaxone resistance-mediating  penA-60.001. 
Global awareness of spreading ceftriaxone-resistant 
gonococcal strains that threaten recommended dual 
therapies is essential.

We report the detailed characterisation of the first mul-
tidrug-resistant (MDR)  Neisseria gonorrhoeae  isolate 
with ceftriaxone resistance and intermediate resistance 
to azithromycin causing urethritis in a heterosexual 
male in Ireland in 2018. We show using whole genome 
sequencing (WGS) that the Irish isolate belongs to the 
internationally spreading MDR and ceftriaxone-resist-
ant FC428 clone, initially described in Japan in 2015, 
which is further evolving [1-5].

Case description
In August 2018, a heterosexual male presented to spe-
cialised sexually transmitted infection (STI) services 

in Ireland with symptoms of urethral discharge and 
dysuria. He reported having recent sexual contact 
with a female during a visit to a country in Asia. 
Microscopic investigation of a urethral swab revealed 
Gram-negative intracellular diplococci. The patient 
was immediately treated empirically with ceftriaxone 
500 mg single intramuscular dose plus azithromycin 
1 g single oral dose. A urethral swab for culture and 
a first-void urine sample and a pharyngeal swab for 
nucleic acid amplification test (NAAT; Abbott M2000 
CT/NG assay) were taken. The Asian female could not 
be traced. The patient had no other sexual contacts 
since his return from Asia; and was advised to abstain 
sexual intercourse until follow up visit and test of cure 
(TOC). The culture yielded N. gonorrhoeae (isolate IR72) 
and the NAAT on the urine sample detected  N. gonor-
rhoeae  DNA, but the NAAT on the pharyngeal swab 
was  N. gonorrhoeae  negative. A TOC was performed, 
using NAAT on a urine sample taken 8 days after treat-
ment, and shown to be negative 3 days later; all signs 
and symptoms were resolved at this follow up visit.

Characterisation of Neisseria 
gonorrhoeae isolate IR72
Species identification of IR72 was performed using 
VITEK-MS (Biomérieux, Marcy l’Etoile, France) and 
a porApseudogene PCR [6]. Antimicrobial susceptibility 



2 www.eurosurveillance.org

testing was done (in duplicate) using minimum inhibi-
tory concentration (MIC) gradient strip tests for seven 
antimicrobials and results were interpreted using 
breakpoints stated by the European Committee on 
Antimicrobial Susceptibility Testing (EUCAST) [7]. The 
gonococcal reference strain ATCC 49226 was used for 
quality control; β-lactamase testing was performed as 
previously described [8].

IR72 showed resistance to ceftriaxone (MIC = 0.5 mg/L), 
cefixime (MIC  =  1–2 mg/L), cefotaxime (MIC  =  2–4 
mg/L), ciprofloxacin (MIC  >  32 mg/L), and intermedi-
ate resistance to azithromycin (MIC = 0.38–0.5 mg/L). 
IR72 was susceptible to spectinomycin (MIC = 16 mg/L) 
and tetracycline (MIC = 0.5 mg/L) and did not produce 
β-lactamase.

WGS was performed on Illumina MiSeq, as previ-
ously described [9]. The IR72 genome sequence was 

compared with previously genome-sequenced isolates 
from Ireland [10], and the ceftriaxone-resistant iso-
lates FC428 from Japan [1], GK124 from Denmark [4], 
F90 from France [5], and the United Kingdom (UK) iso-
late with ceftriaxone resistance plus high-level resist-
ance to azithromycin [11], which has been assigned 
as the World Health Organization (WHO) reference 
strain Q [NCTC 14208]. Multilocus sequence typing 
(MLST) (http://www.mlst.net/),  N. gonorrhoeae  multi-
antigen sequence typing (NG-MAST) (http://www.
ng-mast.net/), and  N. gonorrhoeae  Sequence Typing 
for Antimicrobial Resistance (NG-STAR) (https://
ngstar.canada.ca/welcome/home) were performed 
using WGS data and identified sequence types (ST) 
ST1903, ST17842 (porB: 10432,  tbpB: 21) and 1133, 
respectively. Regarding resistance determinants for 
extended-spectrum cephalosporins, IR72 harboured 
the extended-spectrum cephalosporins resistance-
mediating mosaic  penA-60.001 allele, which is 

Figure 1
Phylogenetic tree including the whole genome sequence of the ceftriaxone-resistant isolate (IR72), Ireland, August 2018
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Phylogenetic tree based on the whole genome sequences of the ceftriaxone-resistant isolate from Ireland (IR72) and previously genome 
sequenced isolates with decreased susceptibility or resistance to extended-spectrum cephalosporins in Ireland [10], as well as the 
ceftriaxone-resistant isolates FC428 from Japan [1], GK124 from Denmark [4], F90 from France [5] and WHO Q from the UK [11]. MLST sequence 
types (STs), antimicrobial susceptibility to ceftriaxone, cefixime, azithromycin and ciprofloxacin, and relevant antimicrobial resistance 
determinants, are also shown.

The colour coding is indicated in the columns on the right.
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identical to the  penA  allele in FC428, GK124, F90, 
and WHO Q [1,4,5,11]. Mosaic  penA-60.001, which 
might originate from N. cinerea [12], encodes a mosaic 
penicillin-binding protein 2 (PBP2) including the key 
resistance-mediating amino acid substitutions A311V, 
I312M, V316T, T483S, and G545S [13]. IR72 additionally 
harboured the characteristic single nucleotide poly-
morphism (SNP; adenine) in the mtrRpromoter inverted 
repeat sequence and the G120K and A121N amino acid 
substitutions in PorB1b, which enhance the extended-
spectrum cephalosporins MICs and are associated 
with increased MICs of additional antimicrobials such 
as azithromycin, ciprofloxacin and tetracycline [13]. No 
23S rRNA gene mutation associated with azithromycin 
resistance was found, so the intermediate azithromycin 
resistance was due to the mtrR resistance determinant 
and possibly additional unknown mutations. The S91F 
and D95A substitutions in GyrA (subunit A of DNA 
gyrase) and the S87R substitution in ParC (subunit C 
of Topoisomerase IV) caused the high-level resistance 
to ciprofloxacin [13]. The NG-STAR type of IR72 (1133) 
differs from the one of FC428 (type 233) by only one 
SNP in one (porB) of the seven NG-STAR loci. The draft 
genome sequence of IR72 can be found under study 
accession number: PRJEB29520.

The WGS phylogenomic analysis (Figure) showed that 
IR72 was highly different to all the previously genome-
sequenced Irish isolates with decreased susceptibility 
or resistance to extended-spectrum cephalosporins 
from 2014–2016 and to WHO Q cultured in the UK in 
2018 [11]. However, IR72 was belonging to the clade 
consisting of FC428 cultured in Japan in 2015 and the 
FC428 subclones identified in 2017 in Denmark (GK124 
[4]) and France (F90 [5]). The whole genome of IR72 dif-
fered by 2,062 SNPs to the genome of WHO Q, but only 
by 60, 71, and 87 SNPs to the genomes of FC428, F90 
and GK124, respectively. 

Discussion and conclusions
Here, we describe the detailed characterisation of the 
first MDR isolate with ceftriaxone resistance and inter-
mediate resistance to azithromycin cultured from a het-
erosexual male with urethritis in August 2018 in Ireland. 
Ceftriaxone resistance in N. gonorrhoeae  remains rare 
internationally [14-16]. Phenotypic and WGS charac-
terisation showed that the Irish isolate described here 
belongs to the ceftriaxone-resistant and MDR FC428 
clone initially described in Japan in 2015 [1]. Minor 
genomic changes were identified, which likely repre-
sent the evolution of FC428.

FC428 subclones were reported in 2017 in Australia, 
Canada, Denmark, and France [2-5] and are the first evi-
dence of a ceftriaxone-resistant gonococcal clone that 
appears to have maintained a high fitness and spread 
internationally. Detailed examination of the phenotypic 
and genetic characteristics, including the fitness of 
the FC428 clone and its evolving subclones, is there-
fore imperative. Furthermore, enhanced surveillance 
of gonococcal antimicrobial resistance and gonorrhoea 

treatment failures is needed, particularly in the South-
East Asian and Western Pacific Region, where FC428 
and many of the FC428-associated descendants [1-5] 
have originated from. Most worryingly, no sexual 
partner(s) of the index patient in the present paper 
and in previous instances of infections with FC428 or 
its subclones [1-5] could be traced in Asia. Notably, the 
first gonococcal strain with ceftriaxone resistance plus 
high-level azithromycin resistance (WHO Q) was iden-
tified in England in 2018 [11], followed by two similar 
cases in Australia [17]. Two of these three cases were 
also associated with travel to South-East Asia [11,17].

Awareness of the international spread of FC428, its 
subclones and additional ceftriaxone-resistant strains 
that are threatening recommended dual therapies (cef-
triaxone plus azithromycin) needs to be enhanced. In 
addition, surveillance of antimicrobial resistance and 
treatment failures (ideally supplemented by WGS), 
improved implementation of dual antimicrobial thera-
pies with high dose of ceftriaxone and azithromycin 
[18], successful notification and treatment of sexual 
partners and TOC are essential on an international 
level. Further, new antimicrobials for treatment of gon-
orrhoea and ideally an effective gonococcal vaccine, 
as a long-term solution for management and control of 
gonorrhoea, are essential.

Acknowledgements 
This study was supported by the St. James Hospital, Dublin, 
Ireland and the Örebro County Council Research Committee 
and the Foundation for Medical Research at Örebro University 
Hospital, Örebro, Sweden.

Conflict of interest

None declared.

Authors’ contributions
BC and MU designed and initiated the study; AL was involved 
in managing the clinical case; DG, BC, LR, AM and MU coordi-
nated and performed all the laboratory experiments; BB and 
MO shared genomic sequences from previous cases; DG, BC 
and MU analysed all the genomic data and wrote a first draft 
of the paper. All authors were involved in finishing the final 
version of the paper.

References 
1. Nakayama S, Shimuta K, Furubayashi K, Kawahata T, Unemo M, 

Ohnishi M. New ceftriaxone- and multidrug-resistant Neisseria 
gonorrhoeae strain with a novel mosaic penA gene isolated 
in Japan. Antimicrob Agents Chemother. 2016;60(7):4339-41.  
https://doi.org/10.1128/AAC.00504-16  PMID: 27067334 

2. Lahra MM, Martin I, Demczuk W, Jennison AV, Lee KI, 
Nakayama SI, et al. Cooperative recognition of internationally 
disseminated ceftriaxone-resistant Neisseria gonorrhoeae 
strain. Emerg Infect Dis. 2018;24(4):735-40.  https://doi.
org/10.3201/eid2404.171873  PMID: 29553335 

3. Lefebvre B, Martin I, Demczuk W, Deshaies L, Michaud S, 
Labbé AC, et al. Ceftriaxone-Resistant Neisseria gonorrhoeae, 
Canada, 2017. Emerg Infect Dis. 2018;24(2):381-3.  https://doi.
org/10.3201/eid2402.171756  PMID: 29131780 



4 www.eurosurveillance.org

4. Terkelsen D, Tolstrup J, Johnsen CH, Lund O, Larsen HK, 
Worning P, et al. Multidrug-resistant Neisseria gonorrhoeae 
infection with ceftriaxone resistance and intermediate 
resistance to azithromycin, Denmark, 2017. Euro Surveill. 
2017;22(42):1273.  https://doi.org/10.2807/1560-7917.
ES.2017.22.42.17-00659  PMID: 29067905 

5. Poncin T, Fouere S, Braille A, Camelena F, Agsous M, Bebear 
C, et al. Multidrug-resistant Neisseria gonorrhoeae failing 
treatment with ceftriaxone and doxycycline in France, 
November 2017. Euro Surveill. 2018;23(21):1800264.  https://
doi.org/10.2807/1560-7917.ES.2018.23.21.1800264  PMID: 
29845928 

6. Hjelmevoll SO, Olsen ME, Ericson Sollid JU, Haaheim H, 
Unemo M, Skogen V. A fast real-time PCR method for sensitive 
and specific detection of the Neisseria gonorrhoeae porA 
pseudogene. J Mol Diagn. 2006;8(5):574-81.  https://doi.
org/10.2353/jmoldx.2006.060024  PMID: 17065426 

7. European Committee on Antimicrobial Susceptibility Testing 
(EUCAST). Basel: EUCAST; 2018. Available from: www.eucast.
org

8. Hodge W, Ciak J, Tramont EC. Simple method for detection 
of penicillinase-producing Neisseria gonorrhoeae. J Clin 
Microbiol. 1978;7(1):102-3. PMID: 415067 

9. Jacobsson S, Golparian D, Cole M, Spiteri G, Martin I, Bergheim 
T, et al. WGS analysis and molecular resistance mechanisms 
of azithromycin-resistant (MIC >2 mg/L) Neisseria gonorrhoeae 
isolates in Europe from 2009 to 2014. J Antimicrob Chemother. 
2016;71(11):3109-16.  https://doi.org/10.1093/jac/dkw279  
PMID: 27432597 

10. Ryan L, Golparian D, Fennelly N, Rose L, Walsh P, Lawlor B, et 
al. Antimicrobial resistance and molecular epidemiology using 
whole-genome sequencing of Neisseria gonorrhoeae in Ireland, 
2014-2016: focus on extended-spectrum cephalosporins and 
azithromycin. Eur J Clin Microbiol Infect Dis. 2018;37(9):1661-
72.  https://doi.org/10.1007/s10096-018-3296-5  PMID: 
29882175 

11. Eyre DW, Sanderson ND, Lord E, Regisford-Reimmer N, Chau 
K, Barker L, et al. Gonorrhoea treatment failure caused by 
a Neisseria gonorrhoeae strain with combined ceftriaxone 
and high-level azithromycin resistance, England, February 
2018. Euro Surveill. 2018;23(27):1800323.  https://doi.
org/10.2807/1560-7917.ES.2018.23.27.1800323  PMID: 
29991383 

12. Igawa G, Yamagishi Y, Lee KI, Dorin M, Shimuta K, Suematsu H, 
et al. Neisseria cinerea with high ceftriaxone MIC is a source of 
ceftriaxone and cefixime resistance-mediating penA sequences 
in Neisseria gonorrhoeae. Antimicrob Agents Chemother. 
2018;62(3):e02069-17.  https://doi.org/10.1128/AAC.02069-17  
PMID: 29311079 

13. Unemo M, Shafer WM. Antimicrobial resistance in Neisseria 
gonorrhoeae in the 21st century: past, evolution, and 
future. Clin Microbiol Rev. 2014;27(3):587-613.  https://doi.
org/10.1128/CMR.00010-14  PMID: 24982323 

14. Wi T, Lahra MM, Ndowa F, Bala M, Dillon JR, Ramon-Pardo P, et 
al. Antimicrobial resistance in Neisseria gonorrhoeae: Global 
surveillance and a call for international collaborative action. 
PLoS Med. 2017;14(7):e1002344.  https://doi.org/10.1371/
journal.pmed.1002344  PMID: 28686231 

15. Cole MJ, Spiteri G, Jacobsson S, Pitt R, Grigorjev V, 
Unemo MEuro-GASP Network. Is the tide turning again for 
cephalosporin resistance in Neisseria gonorrhoeae in Europe? 
Results from the 2013 European surveillance. BMC Infect Dis. 
2015;15(1):321.  https://doi.org/10.1186/s12879-015-1013-x  
PMID: 26259560 

16. Kirkcaldy RD, Harvey A, Papp JR, Del Rio C, Soge OO, Holmes 
KK, et al. Neisseria gonorrhoeae antimicrobial susceptibility 
surveillance – The Gonococcal Isolate Surveillance Project, 27 
sites, United States, 2014. MMWR Surveill Summ. 2016;65(7):1-
19.  https://doi.org/10.15585/mmwr.ss6507a1  PMID: 27414503 

17. Whiley DM, Jennison A, Pearson J, Lahra MM. Genetic 
characterisation of Neisseria gonorrhoeae resistant to both 
ceftriaxone and azithromycin. Lancet Infect Dis. 2018;18(7):717-
8.  https://doi.org/10.1016/S1473-3099(18)30340-2  PMID: 
29976521 

18. Bignell C, Unemo MEuropean STI Guidelines Editorial Board. 
2012 European guideline on the diagnosis and treatment 
of gonorrhoea in adults. Int J STD AIDS. 2013;24(2):85-92.  
https://doi.org/10.1177/0956462412472837  PMID: 24400344

License and copyright
This is an open-access article distributed under the terms of 
the Creative Commons Attribution (CC BY 4.0) Licence. You 
may share and adapt the material, but must give appropriate 

credit to the source, provide a link to the licence, and indi-
cate if changes were made.

This article is copyright of the authors or their affiliated in-
stitutions, 2018.


