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Allogeneic hematopoietic stem cell transplantation (allo-HSCT) in SARS-CoV-2 positive candidates is usually delayed until the clinical resolution of the infection’s symptoms and a negative nasopharyngeal molecular test. However, prolonged SARS-CoV-2 positivity has been frequently observed in haematological malignancies, thus representing a challenge for the timing of transplant procedures. Here, we report on the case of a 34-year-old patient with recent pauci-symptomatic COVID-19 undergoing transplant for high-risk acute B-lymphoblastic leukemia before achieving viral clearance. Shortly before their scheduled allogeneic HSCT from a matched unrelated donor, the patient developed mild Omicron BA.5 infection receiving nirmatrelvir/ritonavir with fever resolution within 72 hours. Twenty-three days after COVID-19 diagnosis, because of increasing minimal residual disease values in the context of high-risk refractory leukemia and clinical resolution of SARS-2-CoV infection with reduction of viral load at surveillance nasopharyngeal swabs, it was decided not to delay further allo-HSCT. During myelo-ablative conditioning, the nasopharyngeal SARS-CoV-2 viral load increased while the patient remained asymptomatic. Consequently, two days before the transplant, intra-muscular tixagevimab/cilgavimab 300/300 mg and a 3-day course of intravenous remdesivir were administered. During the pre-engraftment phase, veno-occlusive disease (VOD) occurred at day +13, requiring defibrotide treatment to obtain a slow but complete recovery. The post-engraftment phase was characterized by mild COVID-19 at day +23 (cough, rhino-conjunctivitis, fever) that spontaneously resolved, achieving viral clearance at day +28. At day +32, she experienced grade I acute graft-versus host disease (a-GVHD, skin grade II) treated with steroids and photo-apheresis, without further complications during follow-up until day +180. Addressing the issue of allo-HSCT timing in patients recovering from SARS-CoV-2 infection with high-risk malignant diseases is challenging because of 1] the high risk of COVID-19 clinical progression, 2] the impact of transplant delay on leukemia prognosis and 3] the occurrence of endothelial complications such as VOD, a-GVHD, and transplant associated thrombotic micro-angiopathy. Our report describes the favourable outcome of allo-HSCT in a recipient with active SARS-CoV2 infection and high-risk leukemia thanks to timely anti-SARS-CoV-2 preventive therapies and prompt management of transplant-related complications.
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Introduction

Allogeneic hematopoietic stem cell transplant (allo-HSCT) recipients are at high risk of critical Coronavirus disease 2019 (COVID-19). The largest surveys to date have reported a mortality of 16-25% and the following risk factors for lower survival: age, COVID-19 within 1-year after transplant, need for intensive care (1–3). Since 2022, people with COVID-19 at risk of progression should receive antivirals (nirmatrelvir/ritonavir, remdesivir) or neutralising monoclonal antibodies (mAbs), which have been shown to significantly reduce hospitalization and death (4–6). The impact of these therapies on allo-HSCT recipients has not yet been assessed because the immunocompromised patients in registration trials have to date been a minority and the abovementioned studies (1–3) refer to first and second waves. Recently, two large analyses from EPICOVIDEHA on subjects with hematological malignancies (HM), one on Omicron infection’s outcome and another on breakthrough COVID-19 in vaccinated patients (<5% allo-HSCT recipients), reported lower mortality (<10% vs 31%) with mAbs (7, 8). Lastly, a retrospective Italian study of 328 HM patients treated for mild/moderate COVID-19 with mAbs (n=120, 37%; sotrovimab, n=73) or antivirals (n=208, 63%; nirmatrelvir/ritonavir, n=116) between March 2021 and July 2022 reported treatment failure (severe COVID-19) of 9.5%. Overall, COVID-19 associated mortality was 3.4%; however, in those who developed severe COVID-19 after early treatment, it was 26% in the Omicron wave (9). These preventive therapies are strongly recommended in HM patients, along with pre-exposure prophylaxis with tixagevimab/cilgavimab and vaccination depending on the individual patient’s type and degree of immunosuppression (10–12).

Since 2020, EBMT and ASTCT have provided recommendations to manage transplant recipients and donors, both from malignant and non-malignant indications, adopting a prioritization process to deliver HSCT with a periodic update according to pandemic evolution, therapeutic options, and prevention strategies (13–16). To date, candidates for cellular therapies who are SARS-CoV-2 positive have preferentially delayed the procedure until viral test negativity, carefully considering infection severity and the risks related to the underlying disease. Immunocompromised patients typically shed the virus ≥4 weeks; for patients with persistently low-level PCR-positivity, transplant practices are evolving, but no recommendation can be drawn. Two reports are available on performing allo-HSCT during active SARS-CoV-2 infection, both diagnosed during conditioning chemotherapy. The first patient received remdesivir and convalescent plasma, experiencing at neutrophil engraftment a cytokines release syndrome associated with mild pneumonia, successfully cured with remdesivir again, casirivimab/imdevimab, tocilizumab and methylprednisolone (17). The second patient received a transplant from a donor with asymptomatic SARS-CoV-2 infection, developing a transient respiratory failure shortly after PBSC infusion (18).

We report on the outcome of a 34-year-old female patient with B-lymphoblastic leukemia undergoing allo-HSCT shortly after COVID-19, before complete viral clearance.





Case description

Despite vaccination (Moderna, booster 6 months earlier), a 34-year-old patient affected by B-lymphoblastic leukemia t(9;22)(q34;q11.2) BCR-ABL1 developed Omicron BA.5 infection while waiting for her scheduled transplant from a matched unrelated donor (MUD). She was referred to our center for allo-HSCT after treatment with Imatinib, which was withdrawn after one week for intolerance in favor of Dasatinib obtaining a first hematological complete remission with minimal residual disease (MRD) positivity. Subsequently, the patient received Ponatinib due to increased MRD levels according to GIMEMA LAL2620 (NCT04475731), but the disease relapsed. After achieving second complete morphological remission with detectable MRD after two cycles of Inotuzumab ozogamicin (IO), an allo-HSCT was scheduled. Figure 1 displays the Next-Generation Sequencing (NGS) analysis of the virus.




Figure 1 | Next Generation Sequencing performed at SARS-CoV-2 infection diagnosis and repeated with the same results 3-week after nirmatrelvir/ritonavir therapy and 1-week after tixagevimab/cilgavimab and remdesivir therapy.



The patient received prompt preventive antiviral therapy with nirmatrelvir/ritonavir, obtaining fever resolution within 72 hours and a consistent viral load reduction at nasopharyngeal swabs. Twenty-three days after COVID-19 diagnosis, based on increasing MRD values in the context of high-risk disease refractory to third generation tyrosine kinase inhibitor and clinical resolution of SARS-CoV-2 infection, it was decided not to delay further allo-HSCT. During conditioning chemotherapy [fludarabin, 12 Gy total body irradiation (TBI)], nasopharyngeal viral load increased (virus confirmed viable in cell culture), while the patient remained asymptomatic. Two days before PBSC reinfusion in July 2022, tixagevimab/cilgavimab 300/300 mg and a 3-day course of remdesivir were administered. The donor was a female 10/10 HLA-MUD, vaccinated for SARS-CoV-2. The graft-versus host disease (GVHD) prophylaxis was based on post-transplant cyclophosphamide (PT-Cy), mycophenolate mofetil, and cyclosporine A (CsA). Neutrophil engraftment was reached at +20 days after the transplant.

The pre-engraftment phase was characterized by uncomplicated febrile neutropenia without documented infections. Despite trying to minimize the risk factors for veno-occlusive disease (VOD) in the context of IO exposure and a TBI-based myeloablative-preparing regimen, administering ursodeoxycholic acid prophylaxis and using CsA rather than sirolimus as GVHD prophylaxis (19), VOD occurred at day +13 (thinning of hepatic veins, thickening of gallbladder, ascites, bilirubin peak 2.3 mg/dL, Fibroscan peak 75kPa), requiring defibrotide treatment to obtain a slow but complete resolution of this complication.

The post-engraftment phase was characterized by mild COVID-19 at day +23 (cough, rhino-conjunctivitis, fever). A spontaneous symptom resolution was observed, enabling the patient to achieve a definitive viral clearance at day +28 after transplant. At day +32, the patient experienced grade I acute GVHD (skin grade II) treated with methylprednisolone 0.5 mg/kg/daily and three cycles of weekly extracorporeal photo-apheresis as a steroid-sparing approach due to concomitant SARS-2-CoV infection, without side-effects. At day +40 after transplant with a full donor chimerism of myeloid and T-cells and in complete remission with negative MRD, the patient was discharged home. Then, a steroid dose increase was required to obtain GVHD remission, without further complications or adverse events during follow-up until day +180. Bone marrow evaluation performed at six months confirmed complete hematological remission with negative MRD, without requiring additional treatments.

Figure 2 summarizes the comprehensive clinical course of SARS-CoV-2 nasopharyngeal viral load trends by PCR cycles, C-reactive protein, D-dimer values, COVID-19 treatments in pre and post-transplant phases, veno-occlusive disease, and acute GVHD treatments.




Figure 2 | Comprehensive schematic case summary of SARS-CoV-2 nasopharyngeal viral load trends by PCR cycles, C-reactive protein and D-dimer values, COVID-19 treatments in pre and post-transplant phases, veno-occlusive disease, and acute graft-versus host disease treatments.



SARS-CoV-2-specific cellular and humoral responses were also analyzed in detail and detailed methods are reported in the Supplementary Materials of this case study.





SARS-CoV-2-specific cellular and humoral responses

IgGs against the SARS-CoV-2 RBD were present before transplant although the omicron RBD antibody binding was 7 and 4-fold lower compared with that of the Wuhan-Hu-1 and delta RBDs, respectively. Post tixagevimab-cilgavimab administration, anti-RBD IgG levels against Wuhan and delta increased and followed a similar kinetic over time, while an omicron IgG rise lagged until day +30, which is consistent with the reduced binding by tixagevimab-cilgavimab to this VOC (Figure 3A). Binding IgGs against the SARS-CoV-2 nucleocapsid protein were initially negative and developed by day +37 after the positive swab.




Figure 3 | Antibody and T-cell responses to SARS-CoV-2 antigens. Line plots show: the IgG binding to the spike RBD and NP proteins (A); the Nab ID50 titer (B) expressed as the reciprocal of the serum dilution giving 50% RLU reduction compared to control wells; the absolute counts of total CD3+ T-cells, and the CD4+ and CD8+ subsets expressed as Cells/ml (C); and the magnitude of T-cell responses either polyclonal or specific for Spike and Nucleocapsid proteins expressed as specific Spot Forming Cells (SFC)\400’000 Peripheral Blood Mononuclear Cells (PBMC) (D). Dashed lines: Blue coincides with the date of tixagevimab-cilgavimab administration, Red with graft-versus host disease. Black is the threshold for the positivity of the assay.



Neutralizing Ab (NAb) against delta and omicron VOC were at low titers (1/82 and 1/66 respectively) twenty-one days after the positive swab, a time point which was, however, two days after chemotherapy (Figure 3B). NAb against both VOCs showed increased titers when tested at twelve days after administration of tixagevimab-cilgavimab and had similar kinetics thereafter. Overall, the neutralizing response to omicron was persistently lower than that of delta (fold range: 2-90). None of the serum samples neutralized the LV-Luc/VSV.G pseudo-viral vector, indicating that the detected neutralizing responses were specific for SARS-CoV2 (data not shown).

Both polyclonal (Figure 3C) and SARS-CoV-2 specific T-cell reconstitution (Figure 3D) were longitudinally evaluated before (-4 days) and at day +30, +60 and +90 after HSCT. Before the transplant, the patient showed a limited but detectable level of specific responses toward the Spike (6 SFC/400’000 PBMC) and the Nucleocapsid protein (5 SFC/400’000 PBMC). Early after transplant (+30 days), the frequency of both polyclonal and SARS-CoV-2 specific T-cell responses were below the limit of detection of the assay due to the low CD3+ T-cell counts (59 CD3+ T cells/µl, 48 CD4+ T cells/µl, and 11 CD8+ T cells/µl). At the following time points, the absolute counts of CD3+ T cells increased (379 and 353 CD3+ T cells/µl at day +60 and +90, respectively). Accordingly, the polyclonal T-cell response rose to 1’664 SFC/400’000 PBMC at day +90 after HSCT. However, the specific response to the Nucleocapsid protein remained negative after transplant, and the frequency of Spike-specific T-cells was assessed to be at very low levels (3 SFC/400’000 PBMC at both days +60 and +90). A progressive decrease of the viral load was observed within a few weeks after transplant and the molecular SARS-CoV-2 nasopharyngeal swab test was negative by day +28 after transplant, before the reconstitution of an adequate number of T-cells that could elicit a specific response.





Discussion

In patients that are a candidate for transplant, either HSCT or solid organ transplant, the management of active infections shortly before the transplant is particularly challenging considering both the urgency of the transplant procedure for the risk of haematological disease progression and end-organ failures and the importance of the resolution of the infection itself to reduce the risk of severe infectious complications in the post-transplant period. The timing of allo-HSCT in candidates with recent COVID-19, especially in the 30 days before transplant, is crucial due to the risk of infection relapse and progression to life-threatening pneumonia in the pre-engraftment phase, which retains a high risk of COVID-related mortality because transplant recipients in this phase have a high immunodeficiency scoring index that is predictive of COVID-related mortality (2). Recent, evaluable clinical data focused on the choice and the best timing for transplant procedures are rare, meaning efforts to address this should be undertaken within the transplant community in the near future.

The current report has outlined the management of a patient affected by acute leukemia experiencing mild COVID-19 before starting a conditioning regimen, and being successfully treated with nirmatrelvir/ritonavir, balancing high-risk leukaemia while considering the clinical resolution of SARS-CoV-2 infection. Clinicians decided to proceed with conditioning chemotherapy and transplantation, even in the absence of viral clearance indicated by molecular nasopharyngeal swab. As anticipated, the patient had an asymptomatic recurrence of Omicron BA.5 infection during conditioning chemotherapy, meaning a double combination therapy was instituted (remdesivir plus tixagevimab-cilgavimab) to contain the risk of progression to severe COVID-19 in the pre-engraftment phase. At the end of conditioning and before starting GVHD prophylaxis, a double dose of tixagevimab-cilgavimab 300/300 mg was administered to obtain neutralization activity against Omicron BA.5, which is less susceptible to tixagevimab-cilgavimab than previous circulating SARS-CoV-2 variants, along with a 3-day course of remdesivir, not previously received by the patient. We decided to administer such therapies early while waiting for the results of the NGS analysis, to limit drug interactions and eventual toxicities. Thanks to those therapeutic interventions and close clinical monitoring, the patient experienced only mild COVID-related symptoms concomitantly to neutrophil engraftment, without progression to interstitial pneumonia. Considering the circulation of immune-escape variants less efficiently neutralized by mAbs (20) and the risk of promoting mutated viruses in immunocompromised hosts with protracted infection, this report suggests the potential role of NGS analysis to institute effective treatments in a timely manner. However, a shorter turn-around time for the results report is needed for its implementation into clinical daily practice. In this patient, the NGS analysis later revealed the presence of E484A mutation in the Spike protein that is characteristic of all Omicron variants, featuring resistance to bamlanivimab/etesevimab, casirivimab/imdevimab, and tixagevimab, and T21I mutation in the Protease-inhibitor protein associated with in-vitro low-level resistance to nirmatrelvir (21). This suggests the value of using mAbs in combination with one or even more than one antiviral drug (i.e. remdesivir plus nirmatrelvir) to achieve a higher probability of clinical cure and viral clearance in selected settings, such as HM patients closer to transplant (22, 23).

Although preventive therapies play a critical role in mitigating the risk of severe COVID-19 in the pre-transplant and pre-engraftment phases, allowing the transplant procedure in urgent cases of high-risk HM to take place, both recipient revaccination and donor vaccination are of paramount importance, with the latter promoting recipient’s humoral response to early revaccination (24).

The other major issue of performing allo-HSCT during or shortly after COVID-19 is the eventual occurrence of post-transplant endothelial complications, which may occur due to the potential pathogenesis overlap between COVID-associated endothelitis, VOD, transplant associated-thrombotic micro-angiopathy (TA-TMA), and GVHD. In this regard, Niederwieser et al. discuss fourteen patients who received allo-HSCT after recovering from COVID-19, with 21% of patients developing VOD and/or TA-TMA, which was successfully treated with defibrotide, prednisone, or eculizumab; interestingly, all patients were female and received a mismatched transplant from male donors (25).

The current case confirms the potential risk of post-transplant endothelial complications in relation to active SARS-CoV-2 infection since both VOD and acute GVHD were reported in the patient; however, it also outlines the presence of several risk factors predisposing to VOD in particular. The timely administration of defibrotide and a tailored GVHD treatment succeeded in obtaining the resolution of both complications.

Data on viral specific immune-reconstitution has only been reported in this clinical report and have not been available in routine clinical practice to date. The SARS-CoV-2 specific T-cell response of this patient before conditioning was low; after transplant, it was even lower, which contrasts with a previous report by Pourhassan (17). This observation probably resulted from both the in-vivo T-cell depletion with PT-Cy and the reasonably fast viral clearance achieved at day +28 after transplant, thus limiting antigen exposure and the subsequent development of SARS-CoV-2-specific response despite good functional T-cell recovery observed for polyclonal stimuli. In the early phase after PT-Cy-based transplants, the rate of viral infections is high and the emergence of viral-specific T-cells in primary immunological responses has been shown to be largely sustained by antigen encounter on host-infected cells rather than by cross-priming/presentation by non-infected donor-derived antigen-presenting cells (26, 27).

The immune protection displayed by our patient in the pre-engraftment phase was predominantly conferred by tixagevimab-cilgavimab, even though a contribution of natural humoral response was observed with the presence of antibodies against nucleocapside at day +37. During the transplant planning phase, the choice of a vaccinated donor may be beneficial, potentially mitigating the risk of progression to severe COVID-19. Moreover, we suggest that the management of SARS-CoV-2 infection during the pre-engraftment phase should favour a timely combination therapy [two antivirals (remdesivir plus nirmatrelvir) in association or not with mAbs depending on SARS-CoV-2 variant].

In conclusion, addressing the issue of allo-HSCT timing in patients recovering from SARS-CoV-2 infection with high-risk malignant diseases is challenging because of the high risk of the clinical progression of COVID-19, the impact of transplant delay on leukemia prognosis, and the potential higher incidence of endothelial complications. Although it is only a single case, this report suggests that successful allo-HSCT in patients with active COVID-19 is feasible with prompt SARS-CoV-2-specific preventive therapies. Recognizing the importance of early SARS-CoV-2-specific T-cell expansion approaches that can enhance specific immune recovery, such as adoptive cellular therapy (28), should be considered for patient management, especially in mismatched transplants with in-vivo T-cell repletion.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The studies involving human participants were reviewed and approved by San Raffaele Hospital Ethics Committee. The patients/participants provided their written informed consent to participate in this study.





Author contributions

CO and RG coordinated the collection of data. CO, RG, AnA, and GO collected and assembled the data, and interpreted the analysis. CO wrote the first draft of the manuscript. RG was involved in reviewing and editing the manuscript. NC and MS performed Next-Generation Sequencing analysis. MN, ET, VB, SD, and IM performed SARS-2-CoV ELISpot analysis and humoral tests. All authors critically revised, edited, and approved the manuscript.




Acknowledgments

The authors thank Fondation Dormeur, Vaduz for the donation of laboratory instruments relevant to this project to the Viral Evolution and Transmission Unit.





Conflict of interest

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





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fimmu.2023.1184956/full#supplementary-material




References

1. Ljungman, P, de la Camara, R, Mikulska, M, Tridello, G, Aguado, B, Al Zahrani, M, et al. COVID-19 and stem cell transplantation; results from an EBMT and GETH multicenter prospective survey. Leukemia. (2021) 35(10):2885–94. doi: 10.1038/s41375-021-01302-5

2. Sharma, A, Bhatt, NS, St Martin, A, Bilal Abid, M, Bloomquist, J, Chemaly, RF, et al. Clinical characteristics and outcomes of COVID-19 in haematopoietic stem-cell transplantation recipients: an observational cohort study. Lancet Haematol (2021) 8(3):e185–93. doi: 10.1016/S2352-3026(20)30429-4

3. Pagano, L, Salmanton-Garcia, J, Marchesi, F, Busca, A, Corradini, P, Hoenigl, M, et al. COVID-19 infection in adult patients with hematological malignancies: a European hematology association survey (EPICOVIDEHA). J Hematol Oncol (2021) 14(1):168. doi: 10.1186/s13045-021-01177-0

4. Hammond, J, Leister-Tebbe, H, Gardner, A, Abreu, P, Bao, W, Wisemandle, W, et al. Oral nirmatrelvir for high-risk, nonhospitalized adults with covid-19. N Engl J Med (2022) 386(15):1397–408. doi: 10.1056/NEJMoa2118542

5. Gottlieb, RL, Vaca, CE, Paredes, R, Mera, J, Webb, BJ, Perez, G, et al. Early remdesivir to prevent progression to severe covid-19 in outpatients. N Engl J Med (2022) 386(4):305–15. doi: 10.1056/NEJMoa2116846

6. Montgomery, H, Hobbs, R, Padilla, F, Arbetter, D, Templeton, A, Seegobin, S, et al. Efficacy and safety of intramuscular administration of tixagevimab–cilgavimab for early outpatient treatment of COVID-19 (TACKLE): a phase 3, randomised, double-blind, placebo-controlled trial. Lancet Respir Med (2022) 10(10):985–96. doi: 10.1016/S2213-2600(22)00180-1

7. Blennow, O, Salmanton-García, J, Nowak, P, Itri, F, Van Doesum, J, Lopez-Garcia, A, et al. Outcome of infection with omicron SARS-CoV-2 variant in patients with hematological malignancies: an EPICOVIDEHA survey report. Am J Hematol (2022) 97(8):E312–7. doi: 10.1002/ajh.26626

8. Pagano, L, Salmanton-Garcıa, J, Marchesi, F, Blennow, O, Gomes da Silva, M, Glenthoj, A, et al. Breakthrough COVID-19 in vaccinated patients with hematologic malignancies: results from EPICOVIDEHA survey. Blood. (2022) 140(26):2773–87. doi: 10.1182/blood.2022017257

9. Mikulska, M, Testi, D, Russo, C, Balletto, E, Sepulcri, C, Bussini, L, et al. Outcome of early treatment of SARS-CoV-2 infection in patients with haematological disorders. Br J Haematol (2023) 201(4):628–639. doi: 10.1111/bjh.18690

10. El Chaer, F, Auletta, JJ, and Chemaly, RF. How I treat and prevent COVID-19 in patients with hematologic malignancies and recipients of cellular therapies. Blood. (2022) 140(7):673–84. doi: 10.1182/blood.2022016089

11. Cesaro, S, Ljungman, P, Mikulska, M, Hirsch, HH, von Lilienfeld-Toal, M, Cordonnier, C, et al. Recommendations for the management of COVID-19 in patients with haematological malignancies or haematopoietic cell transplantation, from the 2021 European conference on infections in leukaemia (ECIL 9). Leukemia. (2022) 36(6):1467–80. doi: 10.1038/s41375-022-01578-1

12. Bartoletti, M, Azap, O, Barac, A, Bussini, L, Ergonul, O, Krause, R, et al. ESCMID COVID-19 guidelines: update on treatment for patients with mild/moderate disease. Clin Microbiol Infect (2022) 28(12):1578–90. doi: 10.1016/j.cmi.2022.08.013

13. Ljungman, P, Mikulska, M, de la Camara, R, Basak, GW, Chabannon, C, Corbacioglu, S, et al. The challenge of COVID-19 and hematopoietic cell transplantation; EBMT recommendations for management of hematopoietic cell transplant recipients, their donors, and patients undergoing CAR T-cell therapy. Bone Marrow Transplant. (2020) 55(11):2071–6. doi: 10.1038/s41409-020-0919-0

14.COVID-19 and hematopoietic cell transplantation: frequently asked question . Available at: https://www.hematology.org/covid-19/covid-19-and-hct-version2.0 (Accessed April 1, 2022).

15. Passweg, JR, Baldomero, H, Chabannon, C, Corbacioglu, S, de la Camara, R, Dolstra, H, et al. Impact of the SARS-CoV-2 pandemic on hematopoietic cell transplantation and cellular therapies in Europe 2020: a report from the EBMT activity survey. Bone Marrow Transplant. (2022) 57(5):742–52. doi: 10.1038/s41409-022-01604-x

16. Greco, R, Alexander, T, Burman, J, Del Papa, N, de Vries-Bouwstra, J, Farge, D, et al. Hematopoietic stem cell transplantation for autoimmune diseases in the time of COVID-19: EBMT guidelines and recommendations. Bone Marrow Transplant. (2021) 56:1493–508. doi: 10.1038/s41409-021-01326-6

17. Pourhassan, H, La Rosa, C, Chiuppesi, F, Puing, A, Aldoss, I, Park, Y, et al. Successful outcome of pre-engraftment COVID-19 in an HCT patient: impact of targeted therapies and cellular immunity. Blood Adv (2022) 6(6):1645–50. doi: 10.1182/bloodadvances.2021006282

18. Busca, A, Gabrielli, G, Sidoti, F, Costa, C, Giaccone, L, Dogliotti, I, et al. SARS-CoV-2 infection in a stem cell transplant recipient grafted from a SARS-CoV-2-positive donor. Bone Marrow Transplant. (2022) 57(10):1604–6. doi: 10.1038/s41409-022-01763-x

19. Giglio, F, Xue, E, Greco, R, Lazzari, L, Clerici, DT, Lorentino, F, et al. Defibrotide prophylaxis of sinusoidal obstruction syndrome in adults teated with inotuzumab ozogamicin prior to hematopoietic stem cell transplantation. Front Oncol (2022) 12:933317. doi: 10.3389/fonc.2022.933317

20. Takashita, E, Yamayoshi, S, Simon, V, van Bakel, H, Sordillo, EM, Pekosz, A, et al. Efficacy of antibodies and antiviral drugs against omicron BA.2.12.1, BA.4, and BA.5 subvariants. N Engl J Med (2022) 387(5):468–70. doi: 10.1056/NEJMc2207519

21. Iketani, S, Mohri, H, Culbertson, B, Jung Hing, S, Duan, Y, Luck, MI, et al. Multiple pathways for SARS-CoV-2 resistance to nirmatrelvir. Nature. (2023) 613(7944):558–64. doi: 10.1038/s41586-022-05514-2

22. Baldi, F, Dentone, C, Mikulska, M, Fenoglio, D, Mirabella, M, Magnè, F, et al. Case report: sotrovimab, remdesivir and nirmatrelvir/ritonavir combination as salvage treatment option in two immunocompromised patients hospitalized for COVID-19. Front Med (Lausanne). (2023) 9:1062450. doi: 10.3389/fmed.2022.1062450

23. Mikulska, M, Sepulcri, C, Dentone, C, et al. . doi: 10.1093/cid/ciad181

24. Leclerc, M, Redjoul, R, Le Bouter, A, Beckerich, F, Robin, C, Parinet, V, et al. Impact of donor vaccination on recipient response to early SARS-CoV-2 mRNA vaccination after allogeneic HSCT. Lancet Haematol (2022) 9(5):e318–21. doi: 10.1016/S2352-3026(22)00097-7

25. Niederwieser, C, Weber, B, Reichard, M, Gagelmann, N, Ajib, S, Schlipfenbacher, V, et al. Endothelial complications after allogeneic stem cell transplantation in patients with pretransplant resolved COVID-19. Bone Marrow Transplant. (2022) 57:1180–2. doi: 10.1038/s41409-022-01660-3

26. Oltolini, C, Greco, R, Galli, L, Clerici, DT, Lorentino, F, Xue, E, et al. Infections after allogenic transplant with post-transplant cyclophosphamide: impact of donor HLA matching. Biol Blood Marrow Transplant. (2020) 26:1179–88. doi: 10.1016/j.bbmt.2020.01.013

27. Tassi, E, Noviello, M, De Simone, P, Lupo Stanghellini, MT, Doglio, M, Serio, F, et al. Cytomegalovirus-specific T cells restricted for shared and donor human leukocyte antigens differentially impact on cytomegalovirus reactivation risk after allogeneic-hematopoietic stem cell transplantation. Haematologica. (2022). doi: 10.3324/haematol.2022.280685

28. Keller, MD, Harris, KM, Jensen-Wachspress, MA, Kankate, VV, Lang, H, Lazarski, CA, et al. SARS-CoV-2-specific T cells are rapidly expanded for therapeutic use and target conserved regions of the membrane protein. Blood. (2020) 136(25):2905–17. doi: 10.1182/blood.2020008488




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 Oltolini, Acerbis, Orofino, Racca, Noviello, Dispinseri, Clementi, Piemontese, Xue, Giglio, Lupo Stanghellini, Diral, Bruno, Tassi, Beretta, Marzinotto, Scarlatti, Lampasona, Ardemagni, Sampaolo, Bonini, Corti, Peccatori, Castagna, Ciceri and Greco. 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.2023.1184956_cover.jpg
’ frontiers ‘ Frontiers in Immunology

Case Report: Favorable outcome of
allogeneic hematopoietic stem cell
transplantation in SARSCoV2 positive
recipient, risk-benefi t balance between
infection and leukemia





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Case Report: Favorable outcome of allogeneic hematopoietic stem cell transplantation in SARSCoV2 positive recipient, risk-benefit balance between infection and leukemia

      

        		

          Introduction

        



        		

          Case description

        



        		

          SARS-CoV-2-specific cellular and humoral responses

        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-14-1184956-g003.jpg
Absolute T-cell counts

100,000

600

RBD Wuha
RBD Delta

10,000

o
Q
* + + (8]
& 3 & :
o o o =

o
8
g

200

aneIW/sIIeD

D

RBD Omicron

e

§
2

]
=
o
=

1,000
100
10

0

syun Aleniqly

Spike pro}ein

o
- 4

0

o
8 e

1,000

(08INd 000001048

T

s 51
£ 8
a 2.
E,
o,
'
I
'
3 3 3 3
8 8 8 8
8 8 8 2
g s <
g )

0sai

10

100

63 70

56

14

100

49 56 63 70

Days from HSCT

Days from HSCT





OEBPS/Images/fimmu-14-1184956-g002.jpg
0| sars-Cov2 PCR cycles Nirmatrelvir/Ritonavir
@ sars-Cov2 positive test Tixagevimab-Cilgavimab
@ sars-Cov2 negative test Remdesivir
(= C-Reactive protein Defibrotide
|— D-Dimer Methylprednisolone

10. -
aa——

Thermic PCR cycles 20

30

40

-40 -20

HSCT (-/+ Days)

COVID19 diagnosis @ Conditioning Chemo/Radio-therapy
Positive viral culture @ Post-trasplant Cyclophosphamide
Veno-occlusive disease @ COVID1S symptoms
Neutrophil engraftment Complete remission MRD positive
Graft-Versus-Host Disease (BRC-ABL/ABL 0.0262%)

Complete remission MRD negative

20 40 60 120





OEBPS/Images/fimmu-14-1184956-g001.jpg
s

- OR~lab

Whole genome (evenly-distributed)

2N rn o] 300D e o] =0DD 200 170 il b L

1

HL g

L

rep2

L]

&

L

££

§I5ES

- ,
s84F

4

SEiee

s
s
o=
& T
&, AT
g F
Lq

!I!u

o P
T, ,h.-
-~ .wu





