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            Abstract
Yemen is currently experiencing, to our knowledge, the largest cholera epidemic in recent history. The first cases were declared in September 2016, and over 1.1 million cases and 2,300 deaths have since been reported1. Here we investigate the phylogenetic relationships, pathogenesis and determinants of antimicrobial resistance by sequencing the genomes of Vibrio cholerae isolates from the epidemic in Yemen and recent isolates from neighbouring regions. These 116 genomic sequences were placed within the phylogenetic context of a global collection of 1,087 isolates of the seventh pandemic V. cholerae serogroups O1 and O139 biotype El Tor2,3,4. We show that the isolates from Yemen that were collected during the two epidemiological waves of the epidemic1—the first between 28 September 2016 and 23 April 2017 (25,839 suspected cases) and the second beginning on 24 April 2017 (more than 1 million suspected cases)—are V. cholerae serotype Ogawa isolates from a single sublineage of the seventh pandemic V. cholerae O1 El Tor (7PET) lineage. Using genomic approaches, we link the epidemic in Yemen to global radiations of pandemic V. cholerae and show that this sublineage originated from South Asia and that it caused outbreaks in East Africa before appearing in Yemen. Furthermore, we show that the isolates from Yemen are susceptible to several antibiotics that are commonly used to treat cholera and to polymyxin B, resistance to which is used as a marker of the El Tor biotype.
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                    Fig. 1: Geographical location of the sequenced V. cholerae O1 El Tor isolates and number of reported cholera cases.


Fig. 2: Phylogenetic relatedness of the V. cholerae O1 El Tor isolates from the 2016–2017 epidemic in Yemen.
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Extended data figures and tables

Extended Data Fig. 1 Geographic location of the sequenced V. cholerae O1 El Tor isolates and number of reported cholera cases.
a, Geographic location of the 116 V. cholerae O1 El Tor isolates sequenced. The number of isolates collected per country is indicated. The three isolates collected in Jizan, Saudi Arabia (denoted by an asterisk) were from Yemeni refugees originating from Hajjah District. The map is a cropped version of the one available at https://commons.wikimedia.org/wiki/File:BlankMap-World.png. b, Number of cholera cases per country reported to the WHO (World Health Organisation) between 2014 and 2016. The total number of cholera cases reported to the WHO by the countries was 268,337. The maps were created using Paintmaps, a free online map generating tool (http://www.paintmaps.com/).


Extended Data Fig. 2 Assessment of the temporal signal within the dataset.
a, Linear regression of the root-to-tip distance against sampling time obtained with TempEst29 using a maximum-likelihood phylogeny of 81 representative seventh pandemic V. cholerae O1 isolates (that is, those used for the BEAST analysis). Bars on nodes indicate the precision of the isolation date (for example, if only the year of isolation is known, the bar spans the entire year). b, Comparison of the ucld.mean parameter estimated from 20 date-randomization BEAST experiments and the original dataset. The rate for the correctly dated tree is shown in red. The median and 95% Bayesian credible interval for the ucld.mean parameter are provided.


Extended Data Fig. 3 Timed phylogeny of the ctxB7 clade.
Maximum clade credibility tree produced with BEAST28 for a subset of 81 representative isolates of the distal part of the genomic wave 3 (that is, those with the ctxB7 allele). The nodes supported by posterior probability values ≥0.5 are indicated.


Extended Data Fig. 4 Visualization of the posterior distribution of trees from the BEAST Markov chain Monte Carlo analysis.
The opacity of the branches is scaled according to the number of times a clade is seen in the distribution. There is high support for the East Africa/Yemen clade. The uncertainty in the placement of the node for the Indian/East African isolates is the reason for the low posterior support value for this node in Extended Data Fig. 3.


Extended Data Fig. 5 Multiple sequence alignment of VprA (VC1320) with two-component response regulators.
A non-synonymous mutation at position 89 of VC1320 that resulted in a D-to-N amino acid change was associated with a phenotype of polymyxin B susceptibility.


Extended Data Table 1 Summary of the Bayesian models used for BEAST28 analysesFull size table


Extended Data Table 2 Gene alteration frequencies in isolates susceptible or resistant to certain antibioticsFull size table





Supplementary information
Reporting Summary

Supplementary Table
This file contains Supplementary Table S1, which includes the details of Vibrio cholerae El Tor isolates and genomes used in this study





Rights and permissions
Reprints and permissions


About this article
       



Cite this article
Weill, FX., Domman, D., Njamkepo, E. et al. Genomic insights into the 2016–2017 cholera epidemic in Yemen.
                    Nature 565, 230–233 (2019). https://doi.org/10.1038/s41586-018-0818-3
Download citation
	Received: 07 February 2018

	Accepted: 02 November 2018

	Published: 02 January 2019

	Issue Date: 10 January 2019

	DOI: https://doi.org/10.1038/s41586-018-0818-3


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Clinical surveillance systems obscure the true cholera infection burden in an endemic region
                                    
                                

                            
                                
                                    	Sonia T. Hegde
	Ashraful Islam Khan
	Andrew S. Azman


                                
                                Nature Medicine (2024)

                            
	
                            
                                
                                    
                                        Genomic attributes of Vibrio cholerae O1 responsible for 2022 massive cholera outbreak in Bangladesh
                                    
                                

                            
                                
                                    	Md Mamun Monir
	Mohammad Tarequl Islam
	Munirul Alam


                                
                                Nature Communications (2023)

                            
	
                            
                                
                                    
                                        Understanding antimicrobial resistance to manage cholera
                                    
                                

                            
                                
                                    	Agila Kumari Pragasam
	Veeraraghavan Balaji
	Ankur Mutreja


                                
                                Nature Microbiology (2023)

                            
	
                            
                                
                                    
                                        Antibiotic perturbations to the gut microbiome
                                    
                                

                            
                                
                                    	Skye R. S. Fishbein
	Bejan Mahmud
	Gautam Dantas


                                
                                Nature Reviews Microbiology (2023)

                            
	
                            
                                
                                    
                                        Genomic epidemiology reveals multidrug resistant plasmid spread between Vibrio cholerae lineages in Yemen
                                    
                                

                            
                                
                                    	Florent Lassalle
	Salah Al-Shalali
	Nicholas R. Thomson


                                
                                Nature Microbiology (2023)

                            


                

            

        
    

            
                Comments
By submitting a comment you agree to abide by our Terms and Community Guidelines. If you find something abusive or that does not comply with our terms or guidelines please flag it as inappropriate.



                
                    
                    

                

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    News
                                
                            
	
                                
                                    Opinion
                                
                            
	
                                
                                    Research Analysis
                                
                            
	
                                
                                    Careers
                                
                            
	
                                
                                    Books & Culture
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Browse issues
                                
                            
	
                                
                                    Collections
                                
                            
	
                                
                                    Subjects
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Staff
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Awards
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    History of Nature
                                
                            
	
                                
                                    Send a news tip
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature (Nature)
                
                
    
    
        ISSN 1476-4687 (online)
    
    


                
    
    
        ISSN 0028-0836 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    
                    Sign up for the Nature Briefing newsletter — what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    








