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            Abstract
Highly potent and broadly neutralizing anti-HIV-1 antibodies (bNAbs) have been used to prevent and treat lentivirus infections in humanized mice, macaques, and humans1,2,3,4,5,6,7,8,9,10,11,12. In immunotherapy experiments, administration of bNAbs to chronically infected animals transiently suppresses virus replication, which invariably returns to pre-treatment levels and results in progression to clinical disease. Here we show that early administration of bNAbs in a macaque simian/human immunodeficiency virus (SHIV) model is associated with very low levels of persistent viraemia, which leads to the establishment of T-cell immunity and resultant long-term infection control. Animals challenged with SHIVAD8-EO by mucosal or intravenous routes received a single 2-week course of two potent passively transferred bNAbs (3BNC117 and 10-1074 (refs 13, 14)). Viraemia remained undetectable for 56â€“177 days, depending on bNAb half-life in vivo. Moreover, in the 13 treated monkeys, plasma virus loads subsequently declined to undetectable levels in 6 controller macaques. Four additional animals maintained their counts of T cells carrying the CD4 antigen (CD4+) and very low levels of viraemia persisted for over 2 years. The frequency of cells carrying replication-competent virus was less than 1 per 106 circulating CD4+ T cells in the six controller macaques. Infusion of a T-cell-depleting anti-CD8Î² monoclonal antibody to the controller animals led to a specific decline in levels of CD8+ T cells and the rapid reappearance of plasma viraemia. In contrast, macaques treated for 15 weeks with combination anti-retroviral therapy, beginning on day 3 after infection, experienced sustained rebound plasma viraemia when treatment was interrupted. Our results show that passive immunotherapy during acute SHIV infection differs from combination anti-retroviral therapy in that it facilitates the emergence of potent CD8+ T-cell immunity able to durably suppress virus replication.
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                    Figure 1: Control of SHIVAD8-EO replication by a 2-week course of combination bNAb therapy.[image: ]


Figure 2: Establishment of controller status in bNAb-treated animals inoculated with SHIVAD8-EO by the intrarectal route.[image: ]


Figure 3: Establishment of controller status in bNAb-treated animals inoculated with SHIVAD8-EO by the intravenous route.[image: ]


Figure 4: Depletion of CD8+ T cells in controller macaques results in the rapid induction of plasma viraemia.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Sustained suppression of virus replication by a 2-week course of combination bNAb treatment after intrarectal SHIVAD8-EO challenge.
Plasma viral RNA levels and 10-1074 or 3BNC117 mAb concentrations after bNAb therapy beginning on day 3 after intrarectal challenge are shown (nâ€‰=â€‰6).


Extended Data Figure 2 Sustained suppression of virus replication by a 2-week course of combination bNAb treatment after intravenous SHIVAD8-EO challenge.
Plasma viral RNA levels and 10-1074 or 3BNC117 mAb concentrations after bNAb therapy beginning on day 3 after intravenous challenge are shown (nâ€‰=â€‰7).


Extended Data Figure 3 Analyses of selected SHIVAD8 gp120 sequences known to confer resistance to 10-1074 or 3BNC117 mAbs present in virus rebounding after immunotherapy.
Nucleotide sequences present in amplicons, obtained from animals DELV (day 84 after infection), DEWL (day 72 after infection), DF06 (day 99 after infection), or MAF (day 90 after infection) during virus rebound (shown in Extended Data Fig. 2dâ€“g), were evaluated. SHIVAD8-EO gp120 sequences are shown at the top. Mutations conferring resistance to 10-1074 (vertical bars) and 3BNC117 (horizontal bars) are highlighted.


Extended Data Figure 4 CD8+ T-cell responses and memory phenotype.
a, Memory CD8+ T-cell responses to SIVmac239 Gag measured by intracellular cytokine staining as a sum of IFN-Î³, IL-2, TNF, CD107a, MIP-1B, and IL-10. Supp, during bNAb-mediated viral suppression; Peak, during peak of virus rebound; Base, after resolution of rebound; Late, during late stage of virus infection; coloured bars, mean; whiskers, s.e.m. b, Polyfunctionality of the CD8+ T-cell responses in macaques inoculated by the intravenous route. c, CD8+ T-cell memory subsets in macaques inoculated by the intravenous route. N, naive; CM, central memory; EM, effector memory; TEM, terminal effector memory.


Extended Data Figure 5 FACS analyses of CD8+ cells in controller animals after administration of depleting anti-CD8 mAbs.
CD8+ lymphocytes were collected from controller monkeys MVJ, DEWL, and DEMR after infusion of the MT807R1anti-CD8Î± mAb (a, b) or the CD8b255R1 anti-CD8Î² mAb (c, d) and the CD3+CD8+ and CD3â€“CD8+ fractions determined.


Extended Data Figure 6 Administration of cART during the acute SHIVAD8-EO infection of macaques does not result in controller status.
cART (tenofovir, emtricitabine, and raltagravir) was administered daily to three animals for 15 weeks beginning on day 3 after intrarectal challenge with 1,000 TCID50 of SHIVAD8-EO.


Extended Data Table 1 Plasma viral RNA levels in macaques by ultrasensitive RTâ€“PCR assayFull size table


Extended Data Table 2 Circulating CD4+ T-cell frequency in controller monkeys capable of releasing replication-competent SHIVAD8-EO by virus outgrowth assayFull size table
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        Editorial Summary
Antibodies fight HIV
No effective vaccine has yet been developed against the human immunodeficiency virus type 1 (HIV-1), which is endemic in many areas of the world. Yoshiaki Nishimura et al. studied the effects of giving broadly neutralizing antibodies against HIV-1 to rhesus macaques shortly after beginning of exposure to low doses of the simian/human immunodeficiency virus (SHIV). This type of immunotherapy was associated with the persistence of low levels of the virus in the animals' blood, which led to the establishment of T-cell immunity and resulted in enhanced infection control. These findings could stimulate research into the mechanisms of HIV-1 control in infected humans.
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