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Atamoment when the 2019 Novel Coronavirus (COVID-19)
pandemic is ravaging the world, it is paramount for clinicians
taking care of COVID-19 patients to share their experiences
and thoughts with the medical community. According to Johns
Hopkins University Coronavirus Resource Center, there have
been more than four million COVID-19 cases confirmed globally
with an average mortality rate of approximately 7 % [1]. A search
of PubMed using the key word COVID-19 results in more than
20,000 publications [2]. The devastating nature of the pandemic
has clearly led to worldwide efforts to find a treatment and a
vaccination for the virus. We are prompted to write this letter based
on our unpublished clinical experience with kidney transplant
patients at Harper University Hospital in Detroit, Michigan. While
it was first assumed that immunosuppressed patients with a history
of organ failure who are infected with SARS-CoV-2 are at a much
higher risk for poor outcomes, our experience is surprisingly
different.

Our kidney transplant patients that developed COVID-19
don’t fare worse than patients with intact immune systems. There is
scarce and mixed literature about the results of COVID-19 in kidney
transplant patients, some of which demonstrated worse outcomes
in this population [3, 4]. We think that immunosuppression therapy
may help mitigate the cytokine storm that is theorized to be
responsible for Acute Respiratory Distress Syndrome (ARDS) in
COVID-19 patients.5 In fact, the use of immunosuppressive agents
to counteract the hyperinflammation that may accompany severe
ARDS has been contemplated in the literature [6,7]. In this letter
we would like to suggest the potential benefits of cyclosporine
in the treatment of severe COVID-19 disease. Cyclosporine is a
medication that has been used for decades to prevent rejection in
organ transplantation.

Although our current immunosuppression regimen of
tacrolimus, mycophenolate mofetil, and prednisone does not
include Cyclosporine, the drug revolutionized immunosuppression

and transplant medicine and deserves to be investigated as an
agent for potential treatment of COVID-19. Cyclosporine was
first used in a kidney transplant patient in Cambridge, England,
in 1978 [8]. The use of other immunosuppressive and anti-
inflammatory medications for potential treatment of COVID-19
has been discussed in the literature, but further research is needed
[9]. Cyclosporine, also referred to as cyclosporine A, has antiviral
activity including anti-influenza activity [10,11]. Although a
mouse study has shown innate antiviral immunity is suppressed
by cyclosporine, other studies have demonstrated anti-hepatitis
C viral activity after liver transplantation in humans [12-14].
Cyclosporine suppression of hepatitis C virus has been shown in
vitro as well [15].

Cyclosporine has also been shown to suppress flavivirus and
feline coronavirus in vitro [16-18]. Furthermore, cyclosporine has
been demonstrated to inhibit SARS-CoV replication in cell culture
[19]. In vitro inhibition of cyclophilins and cytosolic proteins
by cyclosporine A has been shown to block the replication of
coronaviruses of all genera including SARS-CoV [20]. In vitro
cytopathology induced by MERS-coronavirus replication was
inhibited by cyclosporine A treatment [21]. An important aspect
of the COVID-19 pathology is the association of proinflammatory
cytokines with the severity of COVID-19 disease [6,22,23].
Cyclosporine A has been shown to decrease interleukin-6, a pro
inflammatory cytokine that has been implicated in the severity of
COVID-19 disease [22,24-27]. Cyclosporine A can also inhibit
the production of some inflammatory cytokines that are produced
by human alveolar macrophages of patients with interstitial lung
disease [28].

In addition to administration by enteral or intravenous route,
cyclosporine can also be given in a nebulized form; a route that
seems to be attractive because it may decrease the systemic side
effects of cyclosporine [29-31]. Cyclosporine was advocated as
a potential treatment for the coronavirus-associated Severe Acute
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Respiratory Syndrome (SARS) epidemic [32]. Other literature
supporting the use of cyclosporine in COVID-19 has questioned
whether the antiviral activity of cyclosporine may impair the
development of immunity to coronaviruses [33]. The use of
alisporivir, a non-immunosuppressive analogue of cyclosporine
with potent cyclophilin inhibition properties, has been advocated
for the treatment for COVID-19 [34]. The antiviral properties of
alisporivir may prove to be beneficial for treatment of COVID-19,
but the lack of anti-inflammatory aspects could make it less than
ideal. There are few case reports and case series that discuss the
course of COVID-19 in solid organ transplant patients taking
cyclosporine [35-42]. However, there have not been enough well-
structured studies reported in literature investigating its potential
use in treatment of COVID-19. Therefore, we believe further
research is warranted to study the antiviral and anti-inflammatory
effects of cyclosporine in patients with COVID-19.

Acknowledgements / Funding

No funding or sponsorship was received for this study or
publication of this article.

Disclosures

Shakir Hussein, Paige Aiello and David Edelman declare
that they have no conflict of interest.

Compliance with Ethics Guidelines

This commentary article is based on previously conducted
studies and does not contain any studies with human participants
or animals performed by any of the authors.

References
1. Johns Hopkins University & Medicine. Coronavirus Resource Center.

2. Harapan Harapan, Naoya Itoh, Amanda Yufika, Wira Winardi, Synat
Keam, et al. (2020) Coronavirus disease 2019 (COVID-19): Aliterature
review. J Infect Public Health 5: 667-673.

3. Banerjee D, Popoola J, ShaA, SterIC, Quan 'V, et al. (2020) COVID-19
infection in kidney transplant recipients. Kidney Int 97: 1076-1082.

4. Gandolfini |, Delsante M, Fiaccadori E, Zaza L, Manenti L, et al. (2020)
COVID-19 in kidney transplant recipients. Am J Transplant 20: 1941-
1943.

5. Ruan Q, Yang K, Wang W, Jiang L, Song J (2020) Clinical predictors
of mortality due to COVID-19 based on an analysis of data of 150
patients from Wuhan, China. Intensive Care Med 46: 846-848.

6. Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS, et
al. (2020) COVID-19: consider cytokine storm syndromes and
immunosuppression. Lancet 395:1033-1034.

7. Wu C, Chen X, Cai Y, Xia J, Zhou X, et al. (2020) Risk Factors
Associated with Acute Respiratory Distress Syndrome and Death in
Patients with Coronavirus Disease 2019 Pneumonia in Wuhan, China.
JAMA Intern Med 180: 934-943.

9.

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Calne RY, White DJ, Thiru S, Evans DB, McMaster P, et al. (1978)
Cyclosporin A in Patients Receiving Renal Allografts From Cadaver
Donors. Lancet 312: 1323-1327.

Russell B, Moss C, George G, Santaolalla A, Cope A, et al. (2020)
Associations Between Immune-Suppressive and Stimulating Drugs
and Novel COVID-19-a Systematic Review of Current Evidence.
Ecancermedicalscience 14: 1022.

Liu X, Zhao Z, Li Z, Xu C, Sun L, et al. (2012) Cyclosporin A Inhibits
the Influenza Virus Replication Through Cyclophilin A-dependent and
-Independent Pathways. PLoS One 7: e37277.

Ma C, Li F, Mucharrafieh RG, Wang J (2016) Discovery of Cyclosporine
Aand Its Analogs as Broad-Spectrum Anti-Influenza Drugs With a High
in Vitro Genetic Barrier of Drug Resistance. Antiviral Res 133: 62-72.

Zaczynska E and Olszewska ZB (2001) Effect of cyclosporine A on the
non-specific, innate antiviral immunity of mice. Arch Immunol Ther Exp
(Warsz) 49: S53-S57.

ReViS-TC  Study Group (2011) Cyclosporine  A-Based
Immunosuppression Reduces Relapse Rate After Antiviral Therapy
in Transplanted Patients With Hepatitis C Virus Infection: A Large
Multicenter Cohort Study. Transplantation 92: 334-340.

Inoue K, Watanabe T, Yamada M, Yoshikumi H, Ogawa O, et al. (2009)
Efficacy of Interferon Beta Combined With Cyclosporine Induction and
Intensified Therapy for Retreatment of Chronic Hepatitis C. Transplant
Proc 41: 246-249.

Firpi RJ, Zhu H, Morelli G, Abdelmalek MF, Soldevila-Pico C, et al.
(2006) Cyclosporine Suppresses Hepatitis C Virus in Vitro and
Increases the Chance of a Sustained Virological Response After Liver
Transplantation. Liver Transpl 12: 51-57.

Qing M, Yang F, Zhang B, Zou G, Robida JM, et al. (2009) Cyclosporine
Inhibits Flavivirus Replication Through Blocking the Interaction
Between Host Cyclophilins and Viral NS5 Protein. Antimicrob Agents
Chemother 53: 3226-3235.

Tanaka Y, Sato Y, Osawa S, Inoue M, Tanaka S, et al. (2012)
Suppression of Feline Coronavirus Replication in Vitro by Cyclosporin
A. Vet Res 43: 41.

Tanaka Y, Sato Y, Sasaki T (2017) Feline Coronavirus Replication Is
Affected by Both Cyclophilin A and Cyclophilin B. J Gen Virol 98: 190-
200.

de Wilde, AH, Zevenhoven-Dobbe JC, van der Meer Y, Thiel V, et al.
(2011) Cyclosporin A Inhibits the Replication of Diverse Coronaviruses.
J Gen Virol 92: 2542-2548.

Pfefferle S, Schopf J, Kogl M, Friedel CC, Muller MA, et al. (2011) The
SARS-coronavirus-host Interactome: Identification of Cyclophilins as
Target for Pan-Coronavirus Inhibitors. PLoS Pathog 7: €1002331.

de Wilde AH, Raj VS, Oudshoorn D, Bestebroer TM, Nieuwkoop SP,
et al. (2013) MERS-coronavirus replication induces severe in vitro
cytopathology and is strongly inhibited by cyclosporin A or interferon-a
treatment. J Gen Virol 94: 1749-1760.

Chen X, Zhao B, Qu Y, Chen Y, Xiong J, et al. (2020) Detectable
Serum SARS-CoV-2 Viral Load (RNAaemia) Is Closely Correlated
With Drastically Elevated Interleukin 6 (IL-6) Level in Critically I
COVID-19 Patients. Clin Infect Dis Ciaa449.

Lagunas-Rangel FA and Chavez-Valencia V (2020) High IL-6/IFN-y
Ratio Could Be Associated With Severe Disease in COVID-19
Patients. J Med Virol.

2
Ann Case Rep, an open access journal
ISSN: 2574-7754

Volume 14; Issue 07


https://coronavirus.jhu.edu/map.html
https://pubmed.ncbi.nlm.nih.gov/32340833/
https://pubmed.ncbi.nlm.nih.gov/32340833/
https://pubmed.ncbi.nlm.nih.gov/32340833/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7142878/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7142878/
https://onlinelibrary.wiley.com/doi/full/10.1111/ajt.15891
https://onlinelibrary.wiley.com/doi/full/10.1111/ajt.15891
https://onlinelibrary.wiley.com/doi/full/10.1111/ajt.15891
https://pubmed.ncbi.nlm.nih.gov/32125452/
https://pubmed.ncbi.nlm.nih.gov/32125452/
https://pubmed.ncbi.nlm.nih.gov/32125452/
https://www.thelancet.com/pdfs/journals/lancet/PIIS0140-6736(20)30628-0.pdf
https://www.thelancet.com/pdfs/journals/lancet/PIIS0140-6736(20)30628-0.pdf
https://www.thelancet.com/pdfs/journals/lancet/PIIS0140-6736(20)30628-0.pdf
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2763184
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2763184
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2763184
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2763184
https://pubmed.ncbi.nlm.nih.gov/82836/
https://pubmed.ncbi.nlm.nih.gov/82836/
https://pubmed.ncbi.nlm.nih.gov/82836/
https://ecancer.org/en/journal/article/1022-associations-between-immune-suppressive-and-stimulating-drugs-and-novel-covid-19-a-systematic-review-of-current-evidence
https://ecancer.org/en/journal/article/1022-associations-between-immune-suppressive-and-stimulating-drugs-and-novel-covid-19-a-systematic-review-of-current-evidence
https://ecancer.org/en/journal/article/1022-associations-between-immune-suppressive-and-stimulating-drugs-and-novel-covid-19-a-systematic-review-of-current-evidence
https://ecancer.org/en/journal/article/1022-associations-between-immune-suppressive-and-stimulating-drugs-and-novel-covid-19-a-systematic-review-of-current-evidence
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0037277
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0037277
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0037277
https://pubmed.ncbi.nlm.nih.gov/27478032/
https://pubmed.ncbi.nlm.nih.gov/27478032/
https://pubmed.ncbi.nlm.nih.gov/27478032/
https://pubmed.ncbi.nlm.nih.gov/11603870/
https://pubmed.ncbi.nlm.nih.gov/11603870/
https://pubmed.ncbi.nlm.nih.gov/11603870/
https://pubmed.ncbi.nlm.nih.gov/21659948/
https://pubmed.ncbi.nlm.nih.gov/21659948/
https://pubmed.ncbi.nlm.nih.gov/21659948/
https://pubmed.ncbi.nlm.nih.gov/21659948/
https://pubmed.ncbi.nlm.nih.gov/19249526/
https://pubmed.ncbi.nlm.nih.gov/19249526/
https://pubmed.ncbi.nlm.nih.gov/19249526/
https://pubmed.ncbi.nlm.nih.gov/19249526/
https://pubmed.ncbi.nlm.nih.gov/16382464/
https://pubmed.ncbi.nlm.nih.gov/16382464/
https://pubmed.ncbi.nlm.nih.gov/16382464/
https://pubmed.ncbi.nlm.nih.gov/16382464/
https://aac.asm.org/content/53/8/3226
https://aac.asm.org/content/53/8/3226
https://aac.asm.org/content/53/8/3226
https://aac.asm.org/content/53/8/3226
https://veterinaryresearch.biomedcentral.com/articles/10.1186/1297-9716-43-41
https://veterinaryresearch.biomedcentral.com/articles/10.1186/1297-9716-43-41
https://veterinaryresearch.biomedcentral.com/articles/10.1186/1297-9716-43-41
https://www.microbiologyresearch.org/content/journal/jgv/10.1099/jgv.0.000663
https://www.microbiologyresearch.org/content/journal/jgv/10.1099/jgv.0.000663
https://www.microbiologyresearch.org/content/journal/jgv/10.1099/jgv.0.000663
https://www.microbiologyresearch.org/content/journal/jgv/10.1099/vir.0.034983-0
https://www.microbiologyresearch.org/content/journal/jgv/10.1099/vir.0.034983-0
https://www.microbiologyresearch.org/content/journal/jgv/10.1099/vir.0.034983-0
https://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1002331
https://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1002331
https://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1002331
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3749523/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3749523/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3749523/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3749523/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7184354/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7184354/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7184354/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7184354/
https://pubmed.ncbi.nlm.nih.gov/32297995/
https://pubmed.ncbi.nlm.nih.gov/32297995/
https://pubmed.ncbi.nlm.nih.gov/32297995/

Citation: Hussein S, Aiello P, Edelman DA (2020) A Potential Role for Cyclosporine in the Treatment of Severe Cases of COVID-19. Ann Case Report 14: 465. DOI:
10.29011/2574-7754.100465

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Crilly A, Kolta S, Dougados M, R D Sturrock, B Amor, et al. (1995) Effect
of cyclosporin A on interleukin-6 and soluble interleukin-2 receptor in
patients with rheumatoid arthritis. Ann Rheum Dis 54: 137-139.

Garcia JE, Lopez AM, de Cabo MR, F M Rodriguez, J P Losada, et
al. (1999) Cyclosporin A decreases human macrophage interleukin-6
synthesis at post-transcriptional level. Mediators Inflamm 8: 253-259.

Zhou F, Yu T, Du R, Fan G, Liu Y, et al. (2020) Clinical course and
risk factors for mortality of adult inpatients with COVID-19 in Wuhan,
China: a retrospective cohort study. Lancet 395: 1054-1062.

Cummings MJ, Baldwin MR, Abrams D, Jacobson SD, Meyar BJ, et
al. (2020) Epidemiology, clinical course, and outcomes of critically ill
adults with COVID-19 in New York City: a prospective cohort study.
Lancet 395: 1763-1770.

Losa Garcia JE, Mateos Rodriguez F, Jiménez Lépez A, Salgado
MJG, Cabo MRM, et al. (1998) Effect of Cyclosporin A on Inflammatory
Cytokine Production by Human Alveolar Macrophages. Respir Med
92: 722-728.

Corcoran TE, Niven R, Verret W, Dilly S, Johnson BA (2014) Lung
Deposition and Pharmacokinetics of Nebulized Cyclosporine in Lung
Transplant Patients. J Aerosol Med Pulm Drug Deliv 27: 178-184.

Leung SS, Wong J, Guerra HV, Samnick K, Prud’homme RK, et al.
(2017) Porous Mannitol Carrier for Pulmonary Delivery of Cyclosporine
A Nanoparticles. AAPS J 19: 578-586.

lacono A, Wijesinha M, Rajagopal K, Murdock N, Timofte I, et al. (2019)
A Randomised Single-Centre Trial of Inhaled Liposomal Cyclosporine
for Bronchiolitis Obliterans Syndrome Post-Lung Transplantation. ERJ
Open Res 5: 00167-2019.

Russell CD and Haas J (2013) Cyclosporine has a potential role in the
treatment of SARS. J Infect 67: 84-85.

Rudnicka L, Goldust M, Glowacka P, Sikora M, Sar-Pomian M, et al.
(2020) Cyclosporine therapy during the COVID-19 pandemic is not a
reason for concern. J Am Acad Dermatol 83: e151-e152.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Pawlotsky JM (2020) SARS-CoV-2 pandemic : Time to revive the
cyclophilin inhibitor alisporivir. Clin Infect Dis Ciaa587.

Ning L, Liu L, Li W, Wang J, Yao Z, et al. (2020) Novel coronavirus
(SARS-CoV-2) infection in a renal transplant recipient: Case report.
Am J Transplant 20: 1864-1868.

Namazee N, Mahmoudi H, Afzal P, Ghaffari S (2020) Novel Corona
Virus 2019 pneumonia in a kidney transplant recipient. Am J Transplant.

Cozzi E, Faccioli E, Marinello S, Loy M, Congedi S, et al. COVID-19
pneumonia in lung transplant recipients: report of two cases. J
Transplant.

Holzhauser L, Lourenco L, Sarswat N, Kim G, Chung B, et al. (2020)
Early Experience of COVID-19 in Two Heart Transplant Recipients:
Case Reports and Review of Treatment Options. Am J Transplant.

Kates OS, Fisher CE, Stankiewicz-Karita HC, Shepherd AK, Church
EC, et al. (2020) Earliest cases of coronavirus disease 2019
(COVID-19) identified in solid organ transplant recipients in the United
States. Am J Transplant.

Fontana F, Alfano G, Mori G, Amurri A, Tei L, et al. (2020) COVID-19
pneumonia in a kidney transplant recipient successfully treated with
tocilizumab and hydroxychloroquine. Am J Transplant.

ZhuL, Gong N, Liu B, Lu X, Chen D, et al. (2020) Coronavirus Disease
2019 Pneumonia in Immunosuppressed Renal Transplant Recipients:
A Summary of 10 Confirmed Cases in Wuhan, China. Eur Urol 77:
748-754.

Fernandez-Ruiz M, Andrés A, Loinaz C, Delgado JF, LépeziiMedrano
F, et al. (2020) COVID-19 in solid organ transplant recipients: A single-
center case series from Spain. Am J Transplant 20: 1849-1858.

3

Ann Case Rep, an open access journal
ISSN: 2574-7754

Volume 14; Issue 07


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1005538/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1005538/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1005538/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1781800/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1781800/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1781800/
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30566-3/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30566-3/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30566-3/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)31189-2/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)31189-2/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)31189-2/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)31189-2/fulltext
https://www.sciencedirect.com/science/article/pii/S0954611198900026
https://www.sciencedirect.com/science/article/pii/S0954611198900026
https://www.sciencedirect.com/science/article/pii/S0954611198900026
https://www.sciencedirect.com/science/article/pii/S0954611198900026
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4088352/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4088352/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4088352/
https://pubmed.ncbi.nlm.nih.gov/28070713/
https://pubmed.ncbi.nlm.nih.gov/28070713/
https://pubmed.ncbi.nlm.nih.gov/28070713/
https://openres.ersjournals.com/content/5/4/00167-2019
https://openres.ersjournals.com/content/5/4/00167-2019
https://openres.ersjournals.com/content/5/4/00167-2019
https://openres.ersjournals.com/content/5/4/00167-2019
https://pubmed.ncbi.nlm.nih.gov/23396219/
https://pubmed.ncbi.nlm.nih.gov/23396219/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7196541/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7196541/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7196541/
https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciaa587/5837360
https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciaa587/5837360
https://onlinelibrary.wiley.com/doi/full/10.1111/ajt.15897
https://onlinelibrary.wiley.com/doi/full/10.1111/ajt.15897
https://onlinelibrary.wiley.com/doi/full/10.1111/ajt.15897
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7272986/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7272986/
https://pubmed.ncbi.nlm.nih.gov/32400074/
https://pubmed.ncbi.nlm.nih.gov/32400074/
https://pubmed.ncbi.nlm.nih.gov/32400074/
https://pubmed.ncbi.nlm.nih.gov/32378314/
https://pubmed.ncbi.nlm.nih.gov/32378314/
https://pubmed.ncbi.nlm.nih.gov/32378314/
https://pubmed.ncbi.nlm.nih.gov/32330356/
https://pubmed.ncbi.nlm.nih.gov/32330356/
https://pubmed.ncbi.nlm.nih.gov/32330356/
https://pubmed.ncbi.nlm.nih.gov/32330356/
https://onlinelibrary.wiley.com/doi/full/10.1111/ajt.15935
https://onlinelibrary.wiley.com/doi/full/10.1111/ajt.15935
https://onlinelibrary.wiley.com/doi/full/10.1111/ajt.15935
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7166037/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7166037/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7166037/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7166037/
https://onlinelibrary.wiley.com/doi/abs/10.1111/ajt.15929
https://onlinelibrary.wiley.com/doi/abs/10.1111/ajt.15929
https://onlinelibrary.wiley.com/doi/abs/10.1111/ajt.15929

