







    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

                    
        
            
    
        
            
                
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 22 August 2018



                    A multi-cohort study of the immune factors associated with M. tuberculosis infection outcomes

                    	Roshni Roy Chowdhury1,2, 
	Francesco Vallania3,4, 
	Qianting Yang5, 
	Cesar Joel Lopez Angel1,2, 
	Fatoumatta Darboe6,7, 
	Adam Penn-Nicholson6,7, 
	Virginie Rozot6,7, 
	Elisa Nemes6,7, 
	Stephanus T. Malherbe8, 
	Katharina Ronacher8,9,10, 
	Gerhard Walzl8,9, 
	Willem Hanekom6,11, 
	Mark M. Davis1,2,3,12, 
	Jill Winter13, 
	Xinchun Chen14, 
	Thomas J. Scriba6,7, 
	Purvesh Khatri2,3,4 & 
	â€¦
	Yueh-hsiu Chien1,2Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 560,Â pages 644â€“648 (2018)Cite this article
                    

                    
        
            	
                        19k Accesses

                    
	
                        154 Citations

                    
	
                            121 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Immunology
	Tuberculosis


    


                
    
    
        
            
                
                    
                        
                    
                
            
            
                
                    An Author Correction to this article was published on 30 October 2018

                
            
        

    

    
        
            
                
                    
                        
                    
                
            
            This article has been updated

        

    
    

                
            


        
            Abstract
Most infections with Mycobacterium tuberculosis (Mtb) manifest as a clinically asymptomatic, contained state, known as latent tuberculosis infection, that affects approximately one-quarter of the global population1. Although fewer than one in ten individuals eventually progress to active disease2, tuberculosis is a leading cause of death from infectious disease worldwide3. Despite intense efforts, immune factors that influence the infection outcomes remain poorly defined. Here we used integrated analyses of multiple cohorts to identify stage-specific host responses to Mtb infection. First, using high-dimensional mass cytometry analyses and functional assays of a cohort of South African adolescents, we show that latent tuberculosis is associated with enhanced cytotoxic responses, which are mostly mediated by CD16 (also known as FcÎ³RIIIa) and natural killer cells, and continuous inflammation coupled with immune deviations in both T and B cell compartments.Â Next, using cell-type deconvolution of transcriptomic data from several cohorts of different ages, genetic backgrounds, geographical locations and infection stages, we show that although deviations in peripheral B and T cell compartments generally start at latency, they are heterogeneous across cohorts. However, an increase in the abundance of circulating natural killer cells in tuberculosis latency, with a corresponding decrease during active disease and a return to baseline levels upon clinical cure are features that are common to all cohorts. Furthermore, by analysing three longitudinal cohorts, we find that changes inÂ peripheral levels of natural killer cells can inform disease progression and treatment responses, and inversely correlate with the inflammatory state of the lungs of patients with active tuberculosis. Together, our findings offer crucial insights into the underlying pathophysiology of tuberculosis latency, and identify factors that may influence infection outcomes.
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                    Fig. 1: Schematic representation of the experimental design.


Fig. 2: Immune state of TB latency identified in a cohort of South African adolescents.


Fig. 3: Peripheral lymphocyte distributions at different infection stages from global cohorts.


Fig. 4: Correlations between peripheral NK cell percentages and disease progression, treatment response and inflammation in the lung.
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Extended data figures and tables

Extended Data Fig. 1 Broad alterations of peripheral immune cell distributions in LTBI.
PBMCs from 14 latently infected and 14 uninfected participants of a South African adolescent cohort were characterized using CyTOF with antibody panel 1 (Supplementary TableÂ 2), followed by Citrus analysis and clustering. This unsupervised hierarchical clustering analysis produced a branching structure (dendrogram) that allowed the grouping of total live cells into known immune cell compartments (contoured). Cell clusters are represented as nodes (circles) in this Citrus-derived circular dendrogram, which delineates lineage relationships that were identified from the data. Cluster granularity (that is, cell subset specificity) increases from the centre of the diagram to the periphery. a, Annotation of cluster hierarchy plots based on surface marker expression. The expression intensity of each marker used for cell population characterization is overlaid per cluster on the Citrus circular dendrogram and is indicated, independently for each marker, by the coloured gradient for which the range corresponds to the arcsinh-transformed expression of the median marker expression measured across all Citrus clusters. For each marker, we also provide a dot plot graph demonstrating the marker labelling in the manually gated indicated population. b, Citrus plots showing, based on cell-surface protein expression, clusters (in red, designated Aâ€“F) that exhibit significantly different abundances (SAM analysis with FDRÂ <Â 1%) between the uninfected and latently infected individuals. Individual cell clusters are mapped to well-established, gross-cell types: B cells (CD19+), CD8+ Î±Î² T cells (CD3+TCRÎ²+CD8+), CD4+ Î±Î² T cells (CD3+TCRÎ²+CD4+), Î³Î´ T cells (CD3+TCRÎ´+), monocytes (CD3âˆ’CD19âˆ’CD33+CD14+HLA-DR+), NK cells (CD3âˆ’CD19âˆ’CD14âˆ’HLA-DRâˆ’CD16+CD56bright/dim), identifiable by annotated shaded background groupings. c, The phenotype and the composition of cells in each of the stratifying cell subsets (Aâ€“F), identified by Citrus analysis. d, Percentages of NK cells and B cells determined by manual gating of 20 additional samples using CyTOF antibody panel 2 (left; Supplementary TableÂ 2) and 32 samples using flow cytometry (right). e, Percentages of CD4+ Î±Î² T cells, CD8+ Î±Î² T cells and Î³Î´ T cells in uninfected controls and latently infected individuals, analysed by CyTOF (nÂ =Â 24 per group; top) and flow cytometry (nÂ =Â 16 per group; bottom). Throughout, P values were derived using a Mannâ€“Whitney U-test. Mean and error bars representing the 95% confidence intervals are shown for each comparison.


Extended Data Fig. 2 Enhanced effector function response in LTBI.
a, Cell subsets, shown as red nodes in a Citrus-derived circular dendrogram and designated as 1â€“5, were identified as significantly different in abundance (SAM analysis at FDRÂ <Â 1%) based on CyTOF analysis of effector and cell-surface molecule expression on PBMCs (antibody panel 1, Supplementary TableÂ 2) from uninfected controls and individuals with LTBI (nÂ =Â 14 per group) after 4-h PMA and ionomycin stimulation. Mapping of individual cell clusters to established, gross-cell types are identified by annotated shaded background groupings. b, Expression intensity of selected effector molecules is indicated by the coloured gradient for which the range corresponds to the arcsinh-transformed expression of the median marker expression measured across all Citrus clusters. c, Effector molecule expression and the composition of cells in each of the stratifying cell clusters (1â€“5), identified by Citrus analysis. d, viSNE analysis of GZMB expression level in immune-cell subsets, representative of 14 uninfected and 14 individuals with LTBI (the colour gradient corresponds to the arcsinh-transformed expression level). e, Quantification of intracellular GZMB expression level in NK cells, CD8+ Î±Î² T cells and Î³Î´ T cells in uninfected controls and individuals with LTBI (nÂ =Â 14 per group). P values were derived using a Mannâ€“Whitney U-test. Mean and error bars representing the 95% confidence intervals are shown for each comparison. f, Dot plots from CyTOF analysis of CD16+GZMBhigh cells within each lymphocyte subset, representative of 14 uninfected controls and 14 individuals with LTBI. g, Gating strategy for ADCC. ADCC was measured using NK-resistant P815 cells, which were either coated with antibody (2.4G2) or left uncoated (control), and labelled with the intracellular dye CFSE, followed by the DNA dye 7AAD. CFSE+7AAD+ cells were defined as dead target cells.


Extended Data Fig. 3 Alterations in plasma protein levels in LTBI.
The relative levels of plasma proteins (Supplementary TableÂ 3), shown on a log2 scale, between uninfected controls and individuals with LTBI (nÂ =Â 27 per group). Plasma proteins that were present at significantly higher levels (a) and significantly lower levels (b) in individuals with LTBI. Plasma protein quantification was performed using the proximity extension assay. P values were derived using a unpaired two-tailed Studentâ€™s t-test. Mean and error bars representing the 95% confidence intervals are shown for each comparison.


Extended Data Fig. 4 Changes in frequencies of peripheral B cell subsets in LTBI, active TB and after treatment.
Forest plots for estimated frequencies of B cell subsets: naive B cells, memory B cells and plasma cells. a, Comparison between the uninfected state (nÂ =Â 189) and LTBI (nÂ =Â 145). b, Comparison between LTBI (nÂ =Â 409) and active TB (nÂ =Â 543). c, Comparison between active TB (nÂ =Â 76) and end-of-treatment (nÂ =Â 97). Cohort GSE identifiers are listed on the left. In the plots, boxes represent the standardized mean difference in estimated cellular proportions in a cohort between two comparison groups. The size of the box is proportional to the sample size of a given cohort. Lines indicate the 95% confidence interval of the corresponding effect sizes. Diamonds indicate the summary effect size (Summary), obtained by integrating the effect sizes from individual cohorts. The width of the diamond corresponds to its 95% confidence interval. The P values and q values for the summary effect sizes are shown above each plot.


Extended Data Fig. 5 Changes in frequencies of peripheral T cell subsets, monocytes and granulocytes in LTBI, active TB and after treatment.
Forest plots for estimated frequencies of CD4+ Î±Î² T cells, CD8+ Î±Î² T cells, monocytes and granulocytes. a, Comparison between the uninfected state (nÂ =Â 189) and LTBI (nÂ =Â 145). b, Comparison between LTBI (nÂ =Â 409) and active TB (nÂ =Â 543). c, Comparison between active TB (nÂ =Â 76) and end-of-treatment (nÂ =Â 97). Boxes represent the standardized mean difference in estimated cellular proportions in a cohort between two comparison groups. The size of the box is proportional to the sample size of a given cohort. Lines indicate the 95% confidence interval of the corresponding effect sizes. Diamonds indicate the summary effect size (Summary), obtained by integrating the effect sizes from individual cohorts. The width of the diamond corresponds to its 95% confidence interval. The P values and q values for the summary effect sizes are shown above each plot.


Extended Data Fig. 6 Comparison of the frequencies of peripheral NK cells, B cells and T cells between uninfected controls and patients with active TB.
Forest plots comparing changes in the levels of NK cells, B cells and T cells between uninfected individuals (nÂ =Â 191) and patients with active TB (nÂ =Â 178). Boxes represent the standardized mean difference in estimated cellular proportions in a cohort between two comparison groups. The size of the box is proportional to the sample size of a given cohort. Lines indicate the 95% confidence interval of the corresponding effect sizes. Diamonds indicate the summary effect size (Summary), obtained by integrating the effect sizes from individual cohorts. The width of the diamond corresponds to its 95% confidence interval. The P values and q values for the summary effect sizes are shown above each plot.


Extended Data Fig. 7 Trajectories of different immune cell populations from the acquisition of Mtb infection to end-of-treatment.
Changes in the frequency distribution patterns of different peripheral leukocyte populations (a) and B and T cell subpopulations (b) at the different stages of infection. Lines indicate cumulative effect size scores starting from a healthy baseline level up to treatment of active TB disease. Error bars indicate corresponding standard errors.


Extended Data Fig. 8 Correlation between peripheral NK cell percentage and lung inflammation.
Correlation plot showing the relationship between estimated peripheral NK cell frequencies in patients with active TB at week 4 after treatment initiation and total glycolytic activity index (TGAI) of the lung measured by PETâ€“CT imaging at the corresponding time point. The line represents the best fit and the shaded area the 95% confidence interval. NK cell frequencies were determined by deconvolution.


Extended Data Fig. 9 Synchronization of the adolescent cohort who underwent QuantiFERON conversion following Mtb acquisition
. To identify changes in peripheral NK cell frequencies after acquisition of Mtb infection by cell-mixture deconvolution analysis, the timescale of the gene expression dataset (GSE116014) was realigned according to the time of first infection diagnosis instead of study enrolment, allowing the identification of gene-expression profiles obtained before infection diagnosis. Each individual is represented by a horizontal bar. The length of the bar represents the number of days between study enrolment and diagnosis with Mtb infection. During follow-up, each individual transitioned from an uninfected state (blue) to infected state (brown), that is, underwent QFT conversion. The black circles represent time points for which gene-expression data were available. Pre-infection (Pre) data (180â€“360 days) were compared to data obtained at the time of infection diagnosis or the nearest time point after diagnosis (Post) (0â€“360Â days).
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