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Editorial on the Research Topic 


Preclinical macaque models of viral diseases


Preclinical macaque models of viral diseases are among the most translatable animal models to human patients (1–3). These models have key benefits including rigorously controlled timing of manipulations, routes and doses of infectious agents and interventions, age and health status of animals, etc., which can serve to eliminate important sources of variability and potential confounding variables. Macaques have significant genetic and physiological similarities to humans and their immune responses to pathogens and vaccines are highly relevant and, where appropriate models are employed, highly translatable (4–10). An essential element of macaque experiments is the ability to sample tissues in ways and at frequencies that are simply not possible in human patients. This can be done using minimally invasive sampling techniques that provide high quality samples with optimal animal welfare and minimal complications (11, 12). Serial sampling of mesenteric lymph nodes (MLN), spleen, and liver have been performed laparoscopically and combined with sampling of peripheral lymph nodes, bone marrow, bronchoalveolar lavage, mucosal samples (GI, vaginal, oral), CSF and blood during a single anesthetic event providing comprehensive information from key sites throughout the body. These samples allow for assessment of immunity, inflammation, and host-pathogen interactions at critical time points such as baseline, pre/post vaccine or intervention, and/or pre/post challenge (13–18). This sampling can be combined with imaging for targeted sampling to ensure that localized events, such as interactions at local draining lymph nodes, are appropriately captured (19). This sampling can be done even in the face of significant immunosuppression, such as is necessary to perform hematopoietic stem cell transplant and modeling HIV reservoir elimination/functional cure similar to what has occurred in a handful of human patients. The results of this model have provided critical insights demonstrating that the last place intact Simian Immunodeficiency Virus (SIV) can be detected in macaques that go on to be functionally cured is the MLN. The model further demonstrated that once intact SIV is no longer detected at this site the animals remain aviremic upon antiretroviral therapy (ART) cessation; an important finding that can help guide physicians attempting to achieve the best outcomes for their patients (14). However, the need for indwelling catheters and multiple surgeries combined with immunosuppression for successful allogeneic transplantation can promote the risk of infections that can impact animal welfare and present a risk to occupationally exposed staff. Therefore, assessment of the health status of the animals and ensuring that their background pathogen status going into these critical experiments is optimized for the health of the macaques as well as the safety of occupationally exposed staff is essential. One of the accepted manuscripts evaluated the baseline status of the cynomolgus macaques prior to project use and found high levels of not just Methicillin resistant Staphylococcus aureus (MRSA), but Vancomycin resistance (VRSA) as well. They then demonstrated successful decolonization and long-term maintenance of animals free of these critical organisms, improving the health/welfare of the animals and staff safety (Bochart et al.).

Two additional manuscripts also evaluated transplant models related to prevention/elimination of HIV in relevant macaque models. These manuscripts evaluated autologous transplantation of two different Chimeric Antigen Receptor (CAR) T cells aimed at preventing or eliminating SIV or Simian-Human Immunodeficiency Virus (SHIV) in macaque models of acquisition and/or ART suppressed infection. The first article looked at the use of a conserved elements vaccine and with exvivo expansion and autologous transplantation to increase the number of polyfunctional SHIV specific T cells present at the time of SHIV challenge (Dross et al.). They demonstrated the safety of this approach and, whereas they were unable to demonstrate significant efficacy, the results mirrored those seen in the clinic demonstrating that the macaque model offers a highly translatable method to evaluate the immunology, safety and virological outcomes for CAR T cell therapies prior to use in patients. The second article evaluated the use of a CD20 depleting antibody prior to administration of SIV-specific CD4-MBL-CAR T cells expressing the follicular homing receptor CXCR5, resulting in increased follicular homing of the CAR T cells (Pampusch et al.). Sampling of key lymphoid sites demonstrated reduced efficacy of the CD20 depletion in lymph nodes compared to blood as well as the increased homing of the CAR T cells to this location in CD20 depleted animals. However, despite the increased number of CAR T cells the animals failed to control the SIVmac239 infection upon ART withdrawal and the depleted animals demonstrated Cytokine Release Syndrome (CRS) with elevated levels of IL-6 that required treatment with anti-IL-6 antibodies to prevent mortality; an important safety consideration for potential translation of these therapies to the clinic.

Another accepted article evaluated similarities and differences in the fragment crystallizable (Fc) mediated functions of antibodies between rhesus macaques and humans (Tolbert et al.). Looking at the FcγIII functions, which play a significant role in antibody mediated effector function, they demonstrated important differences between humans and macaques that further our understanding of how to interpret results of macaque studies used to evaluate vaccines and antibody-based therapeutics that involve or depend on Fc-effector functions. The final article looked at a macaque model of Zika virus infection (Krabbe et al.). Pregnant macaques were inoculated during the first trimester of pregnancy and half demonstrated clearance of the virus from the maternal circulation by 7 days post infection (DPI). The other half took longer to eliminate viral RNA from the maternal plasma and had higher levels of vRNA at the maternal-fetal interface at the time of delivery. Outcomes were determined in the first 7 DPI with higher antibody titers associated with worse outcomes indicating that antibodies were not associated with maternal control and could be a potential biomarker for worse outcomes.

These articles demonstrate the potential macaques represent as powerful translatable infectious disease models permitting interrogation of key questions involving pathogen-host interactions as well as evaluating the efficacy of vaccines, therapeutics and other interventions and how further improvements in the models and the background health of the animals will allow for improved sampling, improved animal care and welfare, improved human health and safety, and elimination of critical sources of variability leading to even more rigorous and reproducible experiments.




Author contributions

JS: Writing – original draft.





Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.





Conflict of interest

The author declares that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

1. Estes, JD, Wong, SW, and Brenchley, JM. Nonhuman primate models of human viral infections. Nat Rev Immunol (2018) 18(6):390–404. doi: 10.1038/s41577-018-0005-7

2. Evans, DT, and Silvestri, G. Nonhuman primate models in AIDS research. Curr Opin HIV AIDS (2013) 8(4):255–61. doi: 10.1097/COH.0b013e328361cee8

3. Mudd, PA, and Watkins, DI. Understanding animal models of elite control: windows on effective immune responses against immunodeficiency viruses. Curr Opin HIV AIDS (2011) 6(3):197–201. doi: 10.1097/COH.0b013e3283453e16

4. Rhesus Macaque Genome Sequencing and Analysis Consortium, Gibbs, RA, Rogers, J, Katze, MG, Bumgarner, R, Weinstock, GM, et al. Evolutionary and biomedical insights from the rhesus macaque genome. Science (2007) 316(5822):222–34. doi: 10.1126/science.1139247

5. Chiou, KL, Montague, MJ, Goldman, EA, Watowich, MM, Sams, SN, Song, J, et al. Rhesus macaques as a tractable physiological model of human ageing. Philos Trans R Soc Lond B Biol Sci (2020) 375(1811):20190612. doi: 10.1098/rstb.2019.0612

6. Han, L, Park, D, Reddy, A, Wilmarth, PA, and Jensen, JT. Comparing endocervical mucus proteome of humans and rhesus macaques. Proteomics Clin Appl (2021) 15(4):e2100023. doi: 10.1002/prca.202100023

7. Mothé, BR, Lindestam Arlehamn, CS, Dow, C, Dillon, MBC, Wiseman, RW, Bohn, P, et al. The TB-specific CD4(+) T cell immune repertoire in both cynomolgus and rhesus macaques largely overlap with humans. Tuberculosis (Edinb) (2015) 95(6):722–35. doi: 10.1016/j.tube.2015.07.005

8. Buse, E, and Markert, UR. The immunology of the macaque placenta: A detailed analysis and critical comparison with the human placenta. Crit Rev Clin Lab Sci (2019) 56(2):118–45. doi: 10.1080/10408363.2018.1538200

9. Messaoudi, I, Estep, R, Robinson, B, and Wong, SW. Nonhuman primate models of human immunology. Antioxid Redox Signal (2011) 14(2):261–73. doi: 10.1089/ars.2010.3241

10. Deycmar, S, Gomes, B, Charo, J, Ceppi, M, and Cline, JM. Spontaneous, naturally occurring cancers in non-human primates as a translational model for cancer immunotherapy. J Immunother Cancer (2023) 11(1):e005514. doi: 10.1136/jitc-2022-005514

11. Zevin, AS, Moats, C, May, D, Wangari, S, Miller, C, Ahrens, J, et al. Laparoscopic technique for serial collection of liver and mesenteric lymph nodes in macaques. J Vis Exp (2017) 123):55617. doi: 10.3791/55617

12. Moats, CR, Randall, KT, Swanson, TM, Crank, HB, Armantrout, KM, Barber-Axthelm, AM, et al. Non-bronchoscopic bronchoalveolar lavage as a refinement for safely obtaining high-quality samples from macaques. Comp Med (2020) 70(6):520–5. doi: 10.30802/AALAS-CM-99-990066

13. Moats, C, Cook, K, Armantrout, K, Crank, H, Uttke, S, Maher, K, et al. Antimicrobial prophylaxis does not improve post-surgical outcomes in SIV/SHIV-uninfected or SIV/SHIV-infected macaques (Macaca mulatta and Macaca fascicularis) based on a retrospective analysis. PloS One (2022) 17(4):e0266616. doi: 10.1371/journal.pone.0266616

14. Wu, HL, Busman-Sahay, K, Weber, WC, Waytashek, CM, Boyle, CD, Bateman, KB, et al. Allogeneic immunity clears latent virus following allogeneic stem cell transplantation in SIV-infected ART-suppressed macaques. Immunity (2023) 56(7):1649–1663.e5. doi: 10.1016/j.immuni.2023.04.019

15. Chang, XL, Webb, GM, Wu, HL, Greene, JM, Abdulhaqq, S, Bateman, KB, et al. Antibody-based CCR5 blockade protects Macaques from mucosal SHIV transmission. Nat Commun (2021) 12(1):3343. doi: 10.1038/s41467-021-23697-6

16. Malouli, D, Gilbride, RM, Wu, HL, Hwang, JM, Maier, N, Hughes, CM, et al. Cytomegalovirus-vaccine-induced unconventional T cell priming and control of SIV replication is conserved between primate species. Cell Host Microbe (2022) 30(9):1207–1218.e7. doi: 10.1016/j.chom.2022.07.013

17. Biswas, S, Rust, LN, Wettengel, JM, Yusova, S, Fischer, M, Carson, JN, et al. Long-term hepatitis B virus infection of rhesus macaques requires suppression of host immunity. Nat Commun (2022) 13(1):2995. doi: 10.1038/s41467-022-30593-0

18. Derby, NR, Fancher, KA, Biswas, S, Yusova, S, Luevano-Santos, C, Smedley, J, et al. Liver biopsies reveal temporal changes in pathology and macrophage function following SIV infection of rhesus macaques. J Immunol (2022) 208(1_Supplement):126.09. doi: 10.4049/jimmunol.208.Supp.126.09

19. Smedley, JV, Bochart, RM, Fischer, M, Funderburgh, H, Kelly, V, Crank, H, et al. Optimization and use of near infrared imaging to guide lymph node collection in rhesus macaques (Macaca mulatta). J Med Primatol (2022) 51(5):270–7. doi: 10.1111/jmp.12605




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2023 Smedley. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Images/fimmu.2023.1331774_cover.jpg
& frontiers | Frontiers in Immunology

Editorial: Preclinical macaque models of
viral diseases





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Editorial: Preclinical macaque models of viral diseases

      

        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





