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            Abstract
Antiretroviral therapy during the earliest stage of acute HIV infection (Fiebig I) might minimize establishment of a latent HIV reservoir and thereby facilitate viremic control after analytical treatment interruption. We show that 8 participants, who initiated treatment during Fiebig I and were treated for a median of 2.8 years, all experienced rapid viral load rebound following analytical treatment interruption, indicating that additional strategies are required to control or eradicate HIV.
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                    Fig. 1: Viral load rebound following ATI in eight Fiebig I acutely treated participants.[image: ]


Fig. 2: Longitudinal HIV reservoir markers and immune responses.[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Distinct mechanisms of long-term virologic control in two HIV-infected individuals after treatment interruption of anti-retroviral therapy
                                        
                                    

                                    
                                        Article
                                        
                                         28 October 2021
                                    

                                

                                Jana Blazkova, Feng Gao, … Tae-Wook Chun

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Determinants of HIV-1 reservoir size and long-term dynamics during suppressive ART
                                        
                                    

                                    
                                        Article
                                         Open access
                                         19 July 2019
                                    

                                

                                Nadine Bachmann, Chantal von Siebenthal, … the Swiss HIV Cohort Study

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Dynamics and durability of HIV-1 neutralization are determined by viral replication
                                        
                                    

                                    
                                        Article
                                         Open access
                                         13 November 2023
                                    

                                

                                Philipp Schommers, Dae Sung Kim, … Florian Klein

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                Change history
	05 September 2018
In the version of this article originally published, the accession codes in the Data Availability section of the Methods were not linked correctly. The original URLs were https://www.ncbi.nlm.nih.gov/genbank/mf957336/ for MF957336 and https://www.ncbi.nlm.nih.gov/genbank/mf957707/ for MF957707; they should have been https://www.ncbi.nlm.nih.gov/nuccore/MF957336 and https://www.ncbi.nlm.nih.gov/nuccore/MF957707, respectively. The error has been corrected.





References
	Finzi, D. et al. Identification of a reservoir for HIV-1 in patients on highly active antiretroviral therapy. Science 278, 1295–1300 (1997).
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Chun, T. W. et al. Presence of an inducible HIV-1 latent reservoir during highly active antiretroviral therapy. Proc. Natl Acad. Sci. USA 94, 13193–13197 (1997).
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Chomont, N. et al. HIV reservoir size and persistence are driven by T cell survival and homeostatic proliferation. Nat. Med. 15, 893–900 (2009).
Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Saez-Cirion, A. et al. Post-treatment HIV-1 controllers with a long-term virological remission after the interruption of early initiated antiretroviral therapy ANRS VISCONTI Study. PLoS Pathog. 9, e1003211 (2013).
Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Schuetz, A. et al. Initiation of ART during early acute HIV infection preserves mucosal Th17 function and reverses HIV-related immune activation. PLoS Pathog. 10, e1004543 (2014).
Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Takata, H. et al. Delayed differentiation of potent effector CD8+ T cells reducing viremia and reservoir seeding in acute HIV infection. Sci. Transl. Med. 9, eaag1809 (2017).
Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Hurst, J. et al. Immunological biomarkers predict HIV-1 viral rebound after treatment interruption. Nat. Commun. 6, 8495 (2015).
Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Simonetti, F. R. et al. Clonally expanded CD4+ T cells can produce infectious HIV-1 in vivo. Proc. Natl Acad. Sci. USA 113, 1883–1888 (2016).
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Wagner, T. A. et al. HIV latency. Proliferation of cells with HIV integrated into cancer genes contributes to persistent infection. Science 345, 570–573 (2014).
Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Williams, J. P. et al. HIV-1 DNA predicts disease progression and post-treatment virological control. Elife 3, e03821 (2014).
Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Conway, J. M. & Perelson, A. S. Post-treatment control of HIV infection. Proc. Natl Acad. Sci. USA 112, 5467–5472 (2015).
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Hill, A. L., Rosenbloom, D. I., Fu, F., Nowak, M. A. & Siliciano, R. F. Predicting the outcomes of treatment to eradicate the latent reservoir for HIV-1. Proc. Natl Acad. Sci. USA 111, 13475–13480 (2014).
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Rothenberger, M. K. et al. Large number of rebounding/founder HIV variants emerge from multifocal infection in lymphatic tissues after treatment interruption. Proc. Natl Acad. Sci. USA 112, E1126–1134 (2015).
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Bruner, K. M. et al. Defective proviruses rapidly accumulate during acute HIV-1 infection. Nat. Med. 22, 1043–1049 (2016).
Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Sneller, M. C. et al. A randomized controlled safety/efficacy trial of therapeutic vaccination in HIV-infected individuals who initiated antiretroviral therapy early in infection. Sci. Transl. Med. 9, eaan8848 (2017).
Article 
    PubMed 
    
                    Google Scholar 
                

	Deeks, S. G. et al. International AIDS Society global scientific strategy: towards an HIV cure 2016. Nat. Med. 22, 839–850 (2016).
Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Hessell, A. J. et al. Early short-term treatment with neutralizing human monoclonal antibodies halts SHIV infection in infant macaques. Nat. Med. 22, 362–368 (2016).
Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Byrareddy, S. N. et al. Sustained virologic control in SIV+ macaques after antiretroviral and alpha4beta7 antibody therapy. Science 354, 197–202 (2016).
Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Bar, K. J. et al. Effect of HIV antibody VRC01 on viral rebound after treatment interruption. N. Engl. J. Med. 375, 2037–2050 (2016).
Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	De Souza, M. S. et al. Impact of nucleic acid testing relative to antigen/antibody combination immunoassay on the detection of acute HIV infection. AIDS 29, 793–800 (2015).
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Fiebig, E. W. et al. Dynamics of HIV viremia and antibody seroconversion in plasma donors: implications for diagnosis and staging of primary HIV infection. AIDS 17, 1871–1879 (2003).
Article 
    PubMed 
    
                    Google Scholar 
                

	Somsouk, M. et al. The immunologic effects of mesalamine in treated HIV-infected individuals with incomplete CD4+ T cell recovery: a randomized crossover trial. PloS One 9, e116306 (2014).
Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Palmer, S. et al. New real-time reverse transcriptase-initiated PCR assay with single-copy sensitivity for human immunodeficiency virus type 1 RNA in plasma. J. Clin. Microbiol. 41, 4531–4536 (2003).
Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Land, S. et al. TREAT Asia Quality Assessment Scheme (TAQAS) to standardize the outcome of HIV genotypic resistance testing in a group of Asian laboratories. J. Virol. Meth. 159, 185–193 (2009).
Article 
    CAS 
    
                    Google Scholar 
                

	Rhee, S. Y. et al. Mutational correlates of virological failure in individuals receiving a WHO-recommended tenofovir-containing first-line regimen: an international collaboration. EBioMedicine 18, 225–235 (2017).
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Heipertz, R. A.Jr. et al. Molecular epidemiology of early and acute HIV type 1 infections in the United States Navy and Marine Corps, 2005-2010. AIDS Res. Hum. Retroviruses 29, 1310–1320 (2013).
Article 
    PubMed 
    
                    Google Scholar 
                

	Salazar-Gonzalez, J. F. et al. Deciphering human immunodeficiency virus type 1 transmission and early envelope diversification by single-genome amplification and sequencing. J. Virol. 82, 3952–3970 (2008).
Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Vandergeeten, C. et al. Cross-clade ultrasensitive PCR-based assays to measure HIV persistence in large-cohort studies. J. Virol. 88, 12385–12396 (2014).
Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Procopio, F. A. et al. a novel assay to measure the magnitude of the inducible viral reservoir in HIV-infected individuals. EBioMedicine 2, 872–881 (2015).
Article 
    
                    Google Scholar 
                

	Deleage, C. et al. Defining HIV and SIV reservoirs in lymphoid tissues. Pathog. Immun. 1, 68–106 (2016).
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Dominguez, M. H. et al. Highly multiplexed quantitation of gene expression on single cells. J. Immunol. Meth. 391, 133–145 (2013).
Article 
    CAS 
    
                    Google Scholar 
                

	Bolton, D. L. et al. Combined single-cell quantitation of host and SIV genes and proteins ex vivo reveals host-pathogen interactions in individual cells. PLoS Pathog. 13, e1006445 (2017).
Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Altman, J. D. et al. Phenotypic analysis of antigen-specific T lymphocytes. Science. 1996. 274: 94–96. J. Immunol. 187, 7–9 (2011).
PubMed 
    CAS 
    
                    Google Scholar 
                

	Cubas, R. A. et al. Inadequate T follicular cell help impairs B cell immunity during HIV infection. Nat. Med. 19, 494–499 (2013).
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Muir, R. et al. Altered memory circulating t follicular helper-B cell interaction in early acute HIV infection. PLoS Pathog. 12, e1005777 (2016).
Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgements
We are grateful to the participants who have made this research possible. We thank T. Schacker for providing data on the lymph nodes from one participant. This work was supported by the NIH grant R01AI108433, a cooperative agreement (W81XWH-07-2- 0067) between the Henry M. Jackson Foundation for the Advancement of Military Medicine, Inc. and the U.S. Department of Defense (DoD), the Division of AIDS at the U.S. National Institute of Allergy and Infectious Diseases, and by an intramural grant from the Thai Red Cross AIDS Research Centre. The US Army Medical Research Acquisition Activity (820 Chandler Street, Fort Detrick, MD 21702-5014, USA) is the awarding and administering acquisition office for the cooperative agreement. It is also supported in part with federal funds from the National Cancer Institute, National Institutes of Health, under Contract No. HHSN261200800001E. Antiretroviral therapy was supported by the Thai Government Pharmaceutical Organization, Gilead, Merck and ViiV Healthcare. The views expressed are those of the authors. The content of this publication does not necessarily reflect the views or policies of the Department of Health and Human Services, the US Army, or the Department of Defense, nor does mention of trade names, commercial products, or organizations imply endorsement by the US government, including the US National Institutes of Health.


Author information
Author notes	Jerome H. Kim
Present address: International Vaccine Institute, Seoul, Korea


Authors and Affiliations
	SEARCH, Thai Red Cross AIDS Research Centre, Bangkok, Thailand
Donn J. Colby, Eugène Kroon, Jintana Intasan, Nitiya Chomchey, Nittaya Phanuphak, Jintanat Ananworanich, P. Phanuphak, N. Teeratakulpisarn, S. Chottanapund, M. de Souza, J. Fletcher, P. Tantivitayakul, P. Eamyoung, D. Sutthichom, P. Prueksakaew, S. Puttamaswin, S. Tipsuk, K. Benjapornpong, N. Ratnaratorn, C. Munkong, K. Tanjnareel & R. Kanaprach

	US Military HIV Research Program, Walter Reed Army Institute of Research, Silver Spring, MD, USA
Lydie Trautmann, Suteeraporn Pinyakorn, Morgane Rolland, Hiroshi Takata, Supranee Buranapraditkun, Sodsai Tovanabutra, Diane L. Bolton, Trevor A. Crowell, Jerome H. Kim, Nelson L. Michael, Merlin L. Robb, Jintanat Ananworanich, S. Krebs, B. Slike, A. Tokarev, E. Sanders-Buell, M. Bose, C. Ogega, J. Buahen, M. Ouellette, C. McCullough, O. Butterworth, E. Turk, L. A. Eller, M. Milazzo, J. Mitchell, C. Subra, N. Lima, J. Garnett, F. Fatmi, A. Sy & N. Dawson

	Henry M. Jackson Foundation for the Advancement of Military Medicine, Bethesda, MD, USA
Lydie Trautmann, Suteeraporn Pinyakorn, Morgane Rolland, Hiroshi Takata, Supranee Buranapraditkun, Sodsai Tovanabutra, Diane L. Bolton, Trevor A. Crowell, Merlin L. Robb & Jintanat Ananworanich

	Centre de Recherche du CHUM and Department of Microbiology, Infectiology and Immunology, Université de Montréal, Montreal, QC, Canada
Louise Leyre, Amélie Pagliuzza, Nicolas Chomont & R. Fromentin

	Division of Allergy and Clinical Immunology, Department of Medicine, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand
Supranee Buranapraditkun, R. Rerknimitr, P. Wattanaboonyongcharoen, P. Rojnuckarin & S. Manasnayakorn

	Chulalongkorn Vaccine Research Center, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand
Supranee Buranapraditkun

	Department of Medicine, Division of Infectious Diseases & HIV Medicine at Drexel University College of Medicine, Philadelphia, PA, USA
Roshell Muir & Elias K. Haddad

	HIV-NAT, Thai Red Cross AIDS Research Center, Bangkok, Thailand
Sasiwimol Ubolyam

	AIDS and Cancer Virus Program, Leidos Biomedical Research, Inc., Frederick National Laboratory for Cancer Research, Frederick, MD, USA
Brandie A. Fullmer, Robert J. Gorelick & J. Lifson

	Division of AIDS, National Institute of Allergy and Infectious Diseases, Rockville, MD, USA
Lawrence Fox

	Department of Retrovirology, Armed Forces Research Institute of Medical Sciences United States Component, Bangkok, Thailand
Rapee Trichavaroj, Robert O’Connell, A. Schuetz, S. Akapirat, B. Nuntapinit, N. Tantibul, H. Savadsuk, Y. Phuang-Ngern, S. Jongrakthaitae, W. Chuenaron, N. Churikanont & S. Getchalarat

	Department of Global Health, University of Amsterdam, Amsterdam, the Netherlands
Jintanat Ananworanich

	Department of Neurology, Yale University School of Medicine, New Haven, CT, USA
S. Spudich

	University of California San Francisco, San Francisco, CA, USA
V. Valcour

	CCR, National Cancer Institute, National Institutes of Health, Frederick, MD, USA
F. Maldarelli

	National Institute of Allergy and Infectious Diseases, National Institutes of Health, Bethesda, MD, USA
I. Sereti

	Missouri Institute of Mental Health, University of Missouri at St. Louis, St. Louis, MO, USA
R. Paul

	EMMES Corporation, Rockville, MD, USA
P. Dawson


Authors	Donn J. ColbyView author publications
You can also search for this author in
                        PubMed Google Scholar



	Lydie TrautmannView author publications
You can also search for this author in
                        PubMed Google Scholar



	Suteeraporn PinyakornView author publications
You can also search for this author in
                        PubMed Google Scholar



	Louise LeyreView author publications
You can also search for this author in
                        PubMed Google Scholar



	Amélie PagliuzzaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Eugène KroonView author publications
You can also search for this author in
                        PubMed Google Scholar



	Morgane RollandView author publications
You can also search for this author in
                        PubMed Google Scholar



	Hiroshi TakataView author publications
You can also search for this author in
                        PubMed Google Scholar



	Supranee BuranapraditkunView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jintana IntasanView author publications
You can also search for this author in
                        PubMed Google Scholar



	Nitiya ChomcheyView author publications
You can also search for this author in
                        PubMed Google Scholar



	Roshell MuirView author publications
You can also search for this author in
                        PubMed Google Scholar



	Elias K. HaddadView author publications
You can also search for this author in
                        PubMed Google Scholar



	Sodsai TovanabutraView author publications
You can also search for this author in
                        PubMed Google Scholar



	Sasiwimol UbolyamView author publications
You can also search for this author in
                        PubMed Google Scholar



	Diane L. BoltonView author publications
You can also search for this author in
                        PubMed Google Scholar



	Brandie A. FullmerView author publications
You can also search for this author in
                        PubMed Google Scholar



	Robert J. GorelickView author publications
You can also search for this author in
                        PubMed Google Scholar



	Lawrence FoxView author publications
You can also search for this author in
                        PubMed Google Scholar



	Trevor A. CrowellView author publications
You can also search for this author in
                        PubMed Google Scholar



	Rapee TrichavarojView author publications
You can also search for this author in
                        PubMed Google Scholar



	Robert O’ConnellView author publications
You can also search for this author in
                        PubMed Google Scholar



	Nicolas ChomontView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jerome H. KimView author publications
You can also search for this author in
                        PubMed Google Scholar



	Nelson L. MichaelView author publications
You can also search for this author in
                        PubMed Google Scholar



	Merlin L. RobbView author publications
You can also search for this author in
                        PubMed Google Scholar



	Nittaya PhanuphakView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jintanat AnanworanichView author publications
You can also search for this author in
                        PubMed Google Scholar





Consortia
The RV411 study group
	P. Phanuphak
	, N. Teeratakulpisarn
	, S. Chottanapund
	, M. de Souza
	, J. Fletcher
	, P. Tantivitayakul
	, P. Eamyoung
	, D. Sutthichom
	, P. Prueksakaew
	, S. Puttamaswin
	, S. Tipsuk
	, K. Benjapornpong
	, N. Ratnaratorn
	, C. Munkong
	, K. Tanjnareel
	, R. Kanaprach
	, R. Rerknimitr
	, P. Wattanaboonyongcharoen
	, P. Rojnuckarin
	, S. Manasnayakorn
	, A. Schuetz
	, S. Akapirat
	, B. Nuntapinit
	, N. Tantibul
	, H. Savadsuk
	, Y. Phuang-Ngern
	, S. Jongrakthaitae
	, W. Chuenaron
	, N. Churikanont
	, S. Getchalarat
	, S. Krebs
	, B. Slike
	, A. Tokarev
	, E. Sanders-Buell
	, M. Bose
	, C. Ogega
	, J. Buahen
	, M. Ouellette
	, C. McCullough
	, O. Butterworth
	, E. Turk
	, L. A. Eller
	, M. Milazzo
	, J. Mitchell
	, C. Subra
	, N. Lima
	, J. Garnett
	, F. Fatmi
	, A. Sy
	, N. Dawson
	, S. Spudich
	, V. Valcour
	, F. Maldarelli
	, I. Sereti
	, J. Lifson
	, R. Paul
	, R. Fromentin
	 & P. Dawson


Contributions
D.J.C., E.K., L.F., T.A.C., R.O.C., J.H.K., N.L.M., M.L.R., N.P., and J.A. designed the study. S.P. designed and performed the statistical analyses. L.T., L.L., A.P., M.R., H.T., S.B., R.M., E.K.H., S.T., S.U., D.L.B., B.A.F., R.J.G., R.T., and N. Chomont designed and performed the laboratory experiments. D.J.C. and J.A. led the study, with support from E.K., J.I. and N. Chomchey in managing the study. J.A. drafted the manuscript. All authors reviewed the manuscript, provided feedback, and approved the manuscript in its final form.
Corresponding author
Correspondence to
                Jintanat Ananworanich.


Ethics declarations

              
                Competing interests

                T.A.C. has received a speaker’s fee from Gilead. J.A. has received honorarium for participating in advisory meetings from Merck, Roche, AbbVie, Gilead, and ViiV Healthcare. P.D. is an employee of EMMES corporation. All other authors declare no competing financial interests.

              
            

Additional information
Publisher’s note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


Supplementary information

Supplementary Text and Figures
Supplementary Figures 1–12 and Supplementary Tables 1 and 2


Reporting Summary

Source Data for Figure 1

Source Data for Figure 2




Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Colby, D.J., Trautmann, L., Pinyakorn, S. et al. Rapid HIV RNA rebound after antiretroviral treatment interruption in persons durably suppressed in Fiebig I acute HIV infection.
                    Nat Med 24, 923–926 (2018). https://doi.org/10.1038/s41591-018-0026-6
Download citation
	Received: 23 September 2017

	Accepted: 23 March 2018

	Published: 11 June 2018

	Issue Date: July 2018

	DOI: https://doi.org/10.1038/s41591-018-0026-6


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

                
                    	
                            
                                
                                    
                                        Early antiretroviral therapy favors post-treatment SIV control associated with the expansion of enhanced memory CD8+ T-cells
                                    
                                

                            
                                
                                    	Caroline Passaes
	Delphine Desjardins
	Asier Sáez-Cirión


                                
                                Nature Communications (2024)

                            
	
                            
                                
                                    
                                        Application of ultrasensitive digital ELISA for p24 enables improved evaluation of HIV-1 reservoir diversity and growth kinetics in viral outgrowth assays
                                    
                                

                            
                                
                                    	Yury V. Kuzmichev
	Carol Lackman-Smith
	Deanna A. Kulpa


                                
                                Scientific Reports (2023)

                            
	
                            
                                
                                    
                                        Rebound HIV-1 in cerebrospinal fluid after antiviral therapy interruption is mainly clonally amplified R5 T cell-tropic virus
                                    
                                

                            
                                
                                    	Laura P. Kincer
	Sarah Beth Joseph
	Ronald Swanstrom


                                
                                Nature Microbiology (2023)

                            
	
                            
                                
                                    
                                        HIV Reservoir: How to Measure It?
                                    
                                

                            
                                
                                    	Xinyu Zhang
	Jun Chen


                                
                                Current HIV/AIDS Reports (2023)

                            
	
                            
                                
                                    
                                        CD8 lymphocytes mitigate HIV-1 persistence in lymph node follicular helper T cells during hyperacute-treated infection
                                    
                                

                            
                                
                                    	Omolara O. Baiyegunhi
	Jaclyn Mann
	Zaza M. Ndhlovu


                                
                                Nature Communications (2022)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


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


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Aims & Scope
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Editorial Policies
                                
                            
	
                                
                                    Content Types
                                
                            
	
                                
                                    Nature Medicine Classic Collection
                                
                            
	
                                
                                    Web Feeds
                                
                            
	
                                
                                    Posters
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Research Cross-Journal Editorial Team
                                
                            
	
                                
                                    Reviews Cross-Journal Editorial Team
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    Submission Guidelines
                                
                            
	
                                
                                    For Reviewers
                                
                            
	
                                
                                    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 Medicine (Nat Med)
                
                
    
    
        ISSN 1546-170X (online)
    
    


                
    
    
        ISSN 1078-8956 (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


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    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
            
        


    









    [image: ]







[image: ]
