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INTRODUCTION
Xenotransplantation using pig organs may be associated with the transmission of porcine viruses that could cause disease in recipients. A well-known example is the porcine cytomegalovirus, which is actually a porcine roseolovirus, hence abbreviated as PCMV/PRV. This virus is related to human herpesviruses 6 and 7 and is not closely related to human cytomegalovirus, which causes significant complications in allotransplantation [1]. PCMV/PRV has been shown to drastically reduce the survival time of porcine organs in non-human primates (for review, see [2]). The virus was also transmitted to the first patient in Baltimore who received a pig heart; it replicated exponentially to high titers in the transplanted pig heart and likely contributed to the patient’s death [3]. Therefore, the transmission of PCMV/PRV and other potentially zoonotic porcine viruses should be prevented.
Längin et al. highlighted the progress in orthotopic pig heart transplantation in non-human primates [4]. Since the first study in 1994, it has been possible to increase the survival time of orthotopically transplanted pig hearts from 39 to 59 to 195 and finally to 264 days. In addition to advancements in multiple genetically modified donor pigs, organ preservation, new immunosuppressive and immunomodulatory drugs, and growth inhibition of the transplanted organ, the authors discussed the virological safety of xenotransplantation. Unfortunately, in this context, Längin et al. [4] cited an abstract from the International Xenotransplantation Association Conference in San Diego in 2023 without critical commentary. In the abstract, Zhang et al. [5] claimed that their investigations found no difference in survival times of pig heart transplants from PCMV/PRV-positive versus PCMV/PRV-negative donor animals in baboons. In these 12 donor pigs, PCMV/PRV was tested only by PCR; six animals (50%) were positive, but no differences in transplant or recipient survival were observed [6]. This study warrants critical scrutiny because it contradicts all previous findings and could lead to an underestimation of the risks posed by PCMV/PRV.
THE RISK POSED BY PCMV/PRV
As reported as early as 2014, PCMV/PRV significantly reduced the survival times of pig kidneys transplanted into baboons and cynomolgus monkeys [6, 7]. Kidneys infected with PCMV/PRV survived no longer than 14 days, whereas virus-free organs survived up to 53 days. Similarly, the absence of PCMV/PRV was a key factor in prolonging the survival time of orthotopic pig heart transplants in baboons: pig hearts infected with PCMV/PRV never lasted beyond 30 days, while virus-free transplants survived up to 195 days [8].
How, then, can the findings of Zhang et al. [5] be explained? False-negative PCR results may occur when the virus is no longer detectable in tested samples because it has entered latency, a hallmark of herpesviruses like PCMV/PRV [9]. Conversely, false-positive PCR results - such as the one from the donor animal whose recipient survived 225 days - are harder to interpret and are most likely due to contamination during PCR. Unfortunately, the PCR methodology was not described in detail in the abstract. Retesting could help resolve the discrepancies between Zhang et al.’s results [5] and previously published data [2, 6–8]. Additional immunological screening for antibodies against PCMV/PRV in donor pigs - a preferred method for detecting latent PCMV/PRV infection [9] - or testing recipient baboons for PCMV/PRV, as the virus should be present in all organs even after short survival times as shown by us [10], could also provide clarity. We would be happy to offer our expertise and methodologies to support these investigations.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.
AUTHOR CONTRIBUTIONS
The author confirms being the sole contributor of this work and has approved it for publication.
FUNDING
The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. Funded by Freie Universität Berlin.
GENERATIVE AI STATEMENT
The author(s) declare that no Generative AI was used in the creation of this manuscript.
REFERENCES
 1. Denner, J, Bigley, TM, Phan, TL, Zimmermann, C, Zhou, X, and Kaufer, BB. Comparative Analysis of Roseoloviruses in Humans, Pigs, Mice, and Other Species. Viruses (2019) 11(12):1108. doi:10.3390/v11121108
 2. Denner, J. Reduction of the Survival Time of Pig Xenotransplants by Porcine Cytomegalovirus. Virol J (2018) 15(1):171. doi:10.1186/s12985-018-1088-2
 3. Mohiuddin, MM, Singh, AK, Scobie, L, Goerlich, CE, Grazioli, A, Saharia, K, et al. Graft Dysfunction in Compassionate Use of Genetically Engineered Pig-To-Human Cardiac Xenotransplantation: A Case Report. Lancet (2023) 402(10399):397–410. doi:10.1016/S0140-6736(23)00775-4
 4. Längin, M, Bender, M, Schmoeckel, M, and Reichart, B. Progress in Orthotopic Pig Heart Transplantation in Nonhuman Primates. Transpl Int (2024) 37:13607. doi:10.3389/ti.2024.13607
 5. Zhang, T, Singh, A, Goerlich, CE, Braileanu, G, Hershfeld, A, Tatarov, I, et al. 107.6: Retrospective Detection of Latent PCMV Virus in Donor Pigs Indicates No Correlation with Xenograft or Baboon Survival. Transplantation (2023) 107(10S2):12. doi:10.1097/01.tp.0000993788.82557.41
 6. Yamada, K, Tasaki, M, Sekijima, M, Wilkinson, RA, Villani, V, Moran, SG, et al. Porcine Cytomegalovirus Infection Is Associated With Early Rejection of Kidney Grafts in a Pig to Baboon Xenotransplantation Model. Transplantation (2014) 98(4):411–8. doi:10.1097/TP.0000000000000232
 7. Sekijima, M, Waki, S, Sahara, H, Tasaki, M, Wilkinson, RA, Villani, V, et al. Results of Life-Supporting Galactosyltransferase Knockout Kidneys in Cynomolgus Monkeys Using Two Different Sources of Galactosyltransferase Knockout Swine. Transplantation (2014) 98(4):419–26. doi:10.1097/TP.0000000000000314
 8. Denner, J, Längin, M, Reichart, B, Krüger, L, Fiebig, U, Mokelke, M, et al. Impact of Porcine Cytomegalovirus on Long-Term Orthotopic Cardiac Xenotransplant Survival. Sci Rep (2020) 10(1):17531. doi:10.1038/s41598-020-73150-9
 9. Halecker, S, Hansen, S, Krabben, L, Ebner, F, Kaufer, B, and Denner, J. How, where and when to Screen for Porcine Cytomegalovirus (PCMV) in Donor Pigs for Xenotransplantation. Sci Rep (2022) 12:21545. doi:10.1038/s41598-022-25624-1
 10. Fiebig, U, Abicht, JM, Mayr, T, Längin, M, Bähr, A, Guethoff, S, et al. Distribution of Porcine Cytomegalovirus in Infected Donor Pigs and in Baboon Recipients of Pig Heart Transplantation. Viruses (2018) 10(2):66. doi:10.3390/v10020066
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.
Copyright © 2025 Denner. 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.




OPS/images/crossmark.jpg
©

|





OPS/xhtml/nav.xhtml
Contents

		Cover

		Role of a Porcine Herpesvirus, PCMV/PRV, in Xenotransplantation		Introduction

		The Risk Posed by PCMV/PRV

		Data Availability Statement

		Author Contributions

		Funding

		Generative AI Statement

		References









OPS/images/cover.jpg
( ESOT

( Transplant
International

Role of a Porcine Herpesvirus,
PCMV/PRY, in
Xenotransplantation





OPS/images/logo.jpg
é ESOT

( Transplant
International





