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ABSTRACT
Neisseria gonorrhoeae is a pathogenic bacterium causing sexually transmitted infections, and it is associated with high antibiotic resistance rates. Here, we describe the genome sequences of four isolates from a homeless community in Colombia.
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ANNOUNCEMENT
Neisseria gonorrhoeae is a Gram-negative diplococcus that colonizes only humans (1). It infects the urethra, the endocervix, and occasionally the ocular, nasopharyngeal, and rectal mucosa (2). Recently, the WHO, using whole-genome sequencing (WGS) in conjunction with linked epidemiological and phenotypic data (including susceptibility profiles), described several gonococcal genotypes in European countries (3), some of them associated with antimicrobial resistance (AMR) (4). The WGS of N. gonorrhoeae isolates has been proposed as a cost-effective tool for screening for AMR in this pathogen (4–6). However, the understanding of the molecular epidemiology of N. gonorrhoeae strains from developing countries such as Colombia is limited. Our objective was to use WGS to describe the genomic characteristics of N. gonorrhoeae isolates from a homeless community in Colombia.
Among homeless participants with urethral discharges, fluids from the urethra were collected on calcium alginate swabs. These samples were inoculated in the selective medium Thayer-Martin agar and incubated at 35°C ± 2°C in a 5% CO2-enriched atmosphere for 24 h. We obtained four N. gonorrhoeae isolates from different male patients. The colonies were replicated two times on new plates with the same medium. These isolates were identified with the API NH system (bioMérieux SA). Genomic DNA was obtained from isolates using the cetyltrimethylammonium bromide (CTAB) method (7). A 170- to 800-bp normal library was prepared from 500 ng of DNA from each isolate using the Nextera DNA library preparation kit (Illumina). The libraries were sequenced using an Illumina HiSeq 4000 platform, yielding 150-bp paired-end reads. The raw reads were quality controlled and filtered using FastQC v0.11.8 (8) and Trimmomatic v0.36 (9), respectively. The filtered reads were de novo assembled and annotated using the Gen2Epi v0.1 pipeline (10). The contigs were scaffolded using a reference genome (GenBank accession number NZ_AP023069.1) with Ragout v2.3 (11) The assembly statistics are shown in Table 1. In the assembled contigs from two isolates (isolates 2312 and 942021), we found plasmids associated with AMR, containing broad-spectrum β-lactamase genes. Isolate 2312 had a pJD4 Asian plasmid (5,724 bp) with the TEM-1 β-lactamase gene blaTEM-P14S (12). Isolate 942021 showed the presence of a pSJ5.2 Toronto-type plasmid (5,216 bp) with the blaTEM-135 allele. These two TEM enzymes have high levels of ampicillin degradation (12). TEM-135-producing isolates have also been associated with high-level ciprofloxacin and tetracycline resistance (13). Additionally, a conjugative plasmid (39,199 bp) lacking the tet(M) resistance gene was found in isolates 652 and 942021. The latter has homology (>99.8%) with the plasmids found in the reference strains WHO L, M, O, and W, which still have an unknown role (3). A recent global study demonstrated a high prevalence of AMR plasmids in gonococcal strains isolated in low/middle-income countries (LMICs) and an association with genomic diversity among N. gonorrhoeae strains (14). Here, we found four N. gonorrhoeae isolates with plasmid diversity circulating in a Colombian population subset. This may explain the molecular mechanisms by which we are seeing an increase in AMR, mainly in neglected populations such as homeless communities (15). WGS is a powerful tool for molecular epidemiology studies of N. gonorrhoeae, allowing early detection of AMR and the screening of gonococcal genotypes.
TABLE 1 Summary of assembly statistics (Table view)The project and informed consent forms were evaluated and approved by the Bioethics Committee of the School of Medicine of the University of Antioquia (ethics approval number 2017-022), the Family Advocate from the Colombian Institute for Family Welfare (ICBF), and the Mayor's Office of Medellín, Colombia. Informed consent forms were signed by all participants.
Data availability.
The whole-genome sequences and raw sequence reads were deposited in DDBJ/ENA/GenBank under the BioProject accession number PRJNA835124.
ACKNOWLEDGMENTS
We are grateful to Minciencias (grant 111574455752, contract 765-2016) and the University of Antioquia for funding this project, to the Secretary of Social Inclusion, Family, and Human Rights of the Mayor's Office of Medellin for support and readiness, and to the Corporación para Investigaciones Biológicas (CIB) for logistic support.
REFERENCES
1.
Lovett A, Duncan JA. 2018. Human immune responses and the natural history of Neisseria gonorrhoeae infection. Front Immunol 9:3187. Crossref. PubMed. Web of Science.

2.
Mayor MT, Roett MA, Uduhiri KA. 2012. Diagnosis and management of gonococcal infections. Am Fam Physician 86:931–938. PubMed. Web of Science.

3.
Unemo M, Golparian D, Sánchez-Busó L, Grad Y, Jacobsson S, Ohnishi M, Lahra MM, Limnios A, Sikora AE, Wi T, Harris SR. 2016. The novel 2016 WHO Neisseria gonorrhoeae reference strains for global quality assurance of laboratory investigations: phenotypic, genetic and reference genome characterization. J Antimicrob Chemother 71:3096–3108. Crossref. PubMed. Web of Science.

4.
Harris SR, Cole MJ, Spiteri G, Sánchez-Busó L, Golparian D, Jacobsson S, Goater R, Abudahab K, Yeats CA, Bercot B, Borrego MJ, Crowley B, Stefanelli P, Tripodo F, Abad R, Aanensen DM, Unemo M. 2018. Public health surveillance of multidrug-resistant clones of Neisseria gonorrhoeae in Europe: a genomic survey. Lancet Infect Dis 18:758–768. Crossref. PubMed. Web of Science.

5.
Grad YH, Harris SR, Kirkcaldy RD, Green AG, Marks DS, Bentley SD, Trees D, Lipsitch M. 2016. Genomic epidemiology of gonococcal resistance to extended-spectrum cephalosporins, macrolides, and fluoroquinolones in the United States, 2000–2013. J Infect Dis 214:1579–1587. Crossref. PubMed. Web of Science.

6.
Peng J-P, Yin Y-P, Chen S-C, Yang J, Dai X-Q, Zheng H-P, Gu W-M, Zhu B-Y, Yong G, Zhong N, Hu L-H, Cao W-L, Zheng Z-J, Wang F, Zhi Q, Zhang C, Xiu L-S, Liu B, Dong J, Sun L-L, Zhu Y-F, Chen X-S, Jin Q. 2019. A whole-genome sequencing analysis of Neisseria gonorrhoeae isolates in China: an observational study. EClinicalMedicine 7:47–54. Crossref. PubMed.

7.
Sambrook J, Russell DW. 2001. Molecular cloning: a laboratory manual. Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY.

8.
Andrews S, Lindenbaum P, Howard B, Ewels P. 2010. FastQC: a quality control tool for high throughput sequence data. https://www.bioinformatics.babraham.ac.uk/projects/fastqc.

9.
Bolger AM, Lohse M, Usadel B. 2014. Trimmomatic: a flexible trimmer for Illumina sequence data. Bioinformatics 30:2114–2120. Crossref. PubMed. Web of Science.

10.
Singh R, Dillon J-AR, Demczuk W, Kusalik A. 2019. Gen2Epi: an automated whole-genome sequencing pipeline for linking full genomes to antimicrobial susceptibility and molecular epidemiological data in Neisseria gonorrhoeae. BMC Genomics 20:165. Crossref. PubMed. Web of Science.

11.
Kolmogorov M, Raney B, Paten B, Pham S. 2014. Ragout: a reference-assisted assembly tool for bacterial genomes. Bioinformatics 30:i302–i309. Crossref. PubMed. Web of Science.

12.
Muhammad I, Golparian D, Dillon J-AR, Johansson A, Ohnishi M, Sethi S, Chen S-C, Nakayama S-I, Sundqvist M, Bala M, Unemo M. 2014. Characterisation of blaTEM genes and types of β-lactamase plasmids in Neisseria gonorrhoeae: the prevalent and conserved blaTEM-135 has not recently evolved and existed in the Toronto plasmid from the origin. BMC Infect Dis 14:454. Crossref. PubMed. Web of Science.

13.
Cole MJ, Unemo M, Grigorjev V, Quaye N, Woodford N. 2015. Genetic diversity of blaTEM alleles, antimicrobial susceptibility and molecular epidemiological characteristics of penicillinase-producing Neisseria gonorrhoeae from England and Wales. J Antimicrob Chemother 70:3238–3243. PubMed. Web of Science.

14.
Cehovin A, Jolley KA, Maiden MCJ, Harrison OB, Tang CM. 2020. Association of Neisseria gonorrhoeae plasmids with distinct lineages and the economic status of their country of origin. J Infect Dis 222:1826–1836. Crossref. PubMed. Web of Science.

15.
Rivillas-García JC, Sanchez SM, Rivera-Montero D. 2020. Social inequalities related to antimicrobial resistance in N. gonorrhoeae in Colombia. Rev Panam Salud Publica 44:e49. (In Spanish.) Crossref. PubMed. Web of Science.


Sections
	ABSTRACT
	ANNOUNCEMENT	Data availability.


	ACKNOWLEDGMENTS
	REFERENCES

Guide
	List of Sections
	Frontmatter
	ABSTRACT
	Bodymatter
	Backmatter
	ACKNOWLEDGMENTS
	REFERENCES

TABLE 1 Summary of assembly statistics	Sample	Plasmid(s)	PubMLST sequence type	Genome size (bp)	No. of raw reads	Avg coverage (×)	Contig N50 (bp)	No. of coding sequences	G+C content (%)	GenBank accession no.	SRA accession no.
	2312	pJD1 (cryptic), pJD4 (Asian type), FDAARGOS_205 (conjugative)	8145	2,210,720	57,834,928	3,924	50,012	2,101	52.5	CP097461	SRX15369046
	351961	pJD1 (cryptic)	9363	2,242,106	51,557,314	3,449	63,968	2,125	52.4	CP097460	SRX15369047
	652	pJD1 (cryptic), WHO_W plasmid 2 (conjugative)	8143	2,174,453	44,623,062	3,078	58,578	2,059	52.7	CP097459	SRX15369048
	942021	pJD1 (cryptic), pSJ5.2 (Toronto type), WHO_W plasmid 2	8143	2,177,753	57,400,390	3,953	66,003	2,085	52.7	CP097458	SRX15369049
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