







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature Medicine]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature medicine

	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 26 October 2020



                    Increased circulation time of Plasmodium falciparum underlies persistent asymptomatic infection in the dry season

                    	Carolina M. Andrade 
            ORCID: orcid.org/0000-0002-9763-88571, 
	Hannah Fleckenstein1, 
	Richard Thomson-Luque 
            ORCID: orcid.org/0000-0001-8378-94971, 
	Safiatou Doumbo2, 
	Nathalia F. Lima1, 
	Carrie Anderson1, 
	Julia Hibbert1, 
	Christine S. Hopp 
            ORCID: orcid.org/0000-0002-0528-95313, 
	Tuan M. Tran 
            ORCID: orcid.org/0000-0002-1928-861X4, 
	Shanping Li3, 
	Moussa Niangaly2, 
	Hamidou Cisse 
            ORCID: orcid.org/0000-0003-0988-33322, 
	Didier Doumtabe2, 
	Jeff Skinner3, 
	Dan Sturdevant5, 
	Stacy Ricklefs5, 
	Kimmo Virtaneva 
            ORCID: orcid.org/0000-0002-5503-14835, 
	Muhammad Asghar6,7, 
	Manijeh Vafa Homann 
            ORCID: orcid.org/0000-0002-3212-32896,7, 
	Louise Turner8,9, 
	Joana Martins10, 
	Erik L. Allman11, 
	Marie-Esther N’Dri12, 
	Volker Winkler13, 
	Manuel Llinás 
            ORCID: orcid.org/0000-0002-6173-588211,14, 
	Catherine Lavazec12, 
	Craig Martens5, 
	Anna Färnert6,7, 
	Kassoum Kayentao2, 
	Aissata Ongoiba2, 
	Thomas Lavstsen8,9, 
	Nuno S. Osório 
            ORCID: orcid.org/0000-0003-0949-539910, 
	Thomas D. Otto 
            ORCID: orcid.org/0000-0002-1246-740415, 
	Mario Recker 
            ORCID: orcid.org/0000-0001-9489-131516, 
	Boubacar Traore2, 
	Peter D. Crompton3 & 
	…
	Silvia Portugal 
            ORCID: orcid.org/0000-0003-4567-91011,17 nAff18 

Show authors

                    

                    
                        
    Nature Medicine

                        volume 26, pages 1929–1940 (2020)Cite this article
                    

                    
        
            	
                        8869 Accesses

                    
	
                        65 Citations

                    
	
                            353 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Malaria
	Parasite biology
	Parasite host response
	Parasite immune evasion


    


                
    
    
        
            
                
                    
                        
                    
                
            
            
                
                    An Author Correction to this article was published on 04 August 2022

                
            
        

    

    
        
            
                
                    
                        
                    
                
            
            This article has been updated

        

    
    

                
            


        
            Abstract
The dry season is a major challenge for Plasmodium falciparum parasites in many malaria endemic regions, where water availability limits mosquito vectors to only part of the year. How P. falciparum bridges two transmission seasons months apart, without being cleared by the human host or compromising host survival, is poorly understood. Here we show that low levels of P. falciparum parasites persist in the blood of asymptomatic Malian individuals during the 5- to 6-month dry season, rarely causing symptoms and minimally affecting the host immune response. Parasites isolated during the dry season are transcriptionally distinct from those of individuals with febrile malaria in the transmission season, coinciding with longer circulation within each replicative cycle of parasitized erythrocytes without adhering to the vascular endothelium. Low parasite levels during the dry season are not due to impaired replication but rather to increased splenic clearance of longer-circulating infected erythrocytes, which likely maintain parasitemias below clinical and immunological radar. We propose that P. falciparum virulence in areas of seasonal malaria transmission is regulated so that the parasite decreases its endothelial binding capacity, allowing increased splenic clearance and enabling several months of subclinical parasite persistence.
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                    Fig. 1: P. falciparum persists during the dry season.[image: ]


Fig. 2: P. falciparum induces a minimal immune response during the dry season.[image: ]


Fig. 3: P. falciparum genetic diversity is maintained throughout the year.[image: ]


Fig. 4: Transcriptome of circulating P. falciparum at the end of the dry season differs from malaria-causing P. falciparum during the transmission season.[image: ]


Fig. 5: Replication of persistent dry season P. falciparum is not impaired.[image: ]


Fig. 6: Infected erythrocytes in circulation at the end of the dry season are at higher risk of splenic clearance.[image: ]
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Extended data

Extended Data Fig. 1
Characteristics of study participants stratified by year.


Extended Data Fig. 2 Parasite density of malaria cases during dry and transmission seasons.
Parasite density detected by microscopy on thick blood smear of 17 individuals that presented malaria cases both in the dry season (January to May, MALdry) and in the ensuing wet season (June to December, MALwet) in the years on 2017 and 2018. Parasitaemia data shows median ± IQR, two-tailed Mann-Whitney test.


Extended Data Fig. 3 Flow cytometry gating strategies.
a, Major leucocyte populations from frozen and fresh PBMCs (Surface staining) and fresh PBMCs intracellular content (Intracellular staining). b, P. falciparum-specific memory B cells in frozen PBMCs at the end of the dry season of children with or without subclinical P. falciparum infection.


Extended Data Fig. 4 Immune responses to P. falciparum during the dry season.
a, Proportions of NK subpopulations defined by CD56 and CD16 in children carrying (May+) or not (May−) P. falciparum at the end of the dry season. Median ± IQR; One sided Dunn’s Kruskal-Wallis Multiple Comparisons test. b, Proportion of P. falciparum-specific IgG+ MBCs in classical, activated or atypical MBCs of P. falciparum carriers (May+) or uninfected individuals (May−) at the end of the dry season. Median ± IQR; One sided Dunn’s Kruskal-Wallis Multiple Comparisons test. c, Proportion of children with antibodies specific to PfEMP1 domains binding to unknown receptors at the beginning (Jan) and end (May) of the dry season (n=106 Jan and May−, 112 Jan and May+). Boxplots indicate median ± IQR. Values >1.5 times the IQR are plotted as individual points (Tukey method), RM one-way ANOVA (with Greenhouse-Geisser correction). d, Magnitude of IgG antibodies against PfEMP1 domains of B/A subtype between the beginning and end of the dry season in children carrying (May+) or not (May−) subclinical P. falciparum infection at the end of the dry season (n=106 Jan and May−, 112 Jan and May+) e, Breadth (left) and magnitude (right) of IgG reactivity to invasion-related antigens (Supplementary Table 11) at the end of the dry season in non-infected and subclinical children carrying P. falciparum (n=143 May−, 139 May+). Individual antigen reactivity (detailed in Portugal et al.13) of invasion-related antigens based on Cowman et al.23. Breadth is the number of antigens to which the level of IgG reactivity exceeds 2 SDs above the no DNA control. Magnitude is the sum of log2 -IgG intensity values for all antigens per sample. Boxplots indicate median ± IQR, Tukey method, two-tailed Mann-Whitney test. f, P. falciparum invasion ratio between merozoite invasion in antibody depleted plasma and merozoite invasion in paired complete plasma from subclinical carriers and non-infected children (n=28 May+, 23 May−), and malaria-naïve control (German adults’ plasma, n=9). One sided Dunn’s Kruskal-Wallis Multiple Comparisons test.


Extended Data Fig. 5 Volcano plots comparing the DEGs found in this study with the DEGs reported in two other studies26,27.
a, 141 DEGs previous reported in the comparison of transcriptomes of severe vs moderate malaria parasite physiological states were matched to the present study. 69 were not DEG in the dry season, 67 were upregulated and 5 were downregulated. b, 306 DEGs previous reported in the comparison of high vs low transmission clinical malaria causing parasites were matched to the present study. 182 were not DEGs in the dry season, 103 were upregulated and 21 were downregulated. DEGs found in this study are highlighted in yellow. Dots in blue represent the transcripts up-regulated (1131) and in red the transcripts down-regulated (476) in the dry season compared to clinical malaria samples.


Extended Data Fig. 6 Expression patterns in 3D7 parasites along the ~48 h intraerythrocytic developmental cycle (defined by Bozdech et al. PLoS Biology, 2003) of DEGs between P. falciparum of asymptomatic carriers at the end of the dry season (May) and at the first clinical malaria case (MAL) in the ensuing transmission season.
a, Glycerophospholipid metabolism b, Purine and Pyrimidine metabolism pathways by KEGG enrichment analysis using the DAVID tool.


Extended Data Fig. 7
Modelled removal of infected RBCs from circulation by means of cytoadhesion and splenic clearance over the 48 h replicative cycle, assuming the rate of removal increases with increasing expression of cytoadhering variant surface antigens, and where RBC modification by the parasite gradually increases the cell’s rigidity and hence splenic retention.


Extended Data Fig. 8
LARSFADIG motifs that identify PfEMP1 coding genes of 12 subclinical individuals at the end of the dry season (May) and 12 first clinical malaria episodes in the ensuing wet season (MAL).
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