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Background: Respiratory viruses can impact the allograft function in lung transplant recipients, but it is unknown if this occurs with SARS-CoV-2 infection. We studied the long-term outcomes of lung transplant recipients infected with SARS-CoV-2.



Methods: This single-center retrospective study compared lung transplant recipients with SARS-CoV-2 between June 2020 and April 2021 with a matched control group. Within the SARS-CoV-2 cohort, univariable associations between clinical factors and outcomes were tested. Changes in pulmonary function tests were analyzed. Primary endpoints included acute cellular rejection and all-cause mortality within 12 months.



Results: Fifty-three lung transplant recipients were infected with SARS-CoV-2. The median age was 64 years. 29 (54.7%) were managed outpatient, and 24 (45.3%) required hospitalization, with 13 intensive care unit admissions. All-cause mortality was 24.5%. Within the SARS-CoV-2 cohort, older age was significantly associated with all-cause mortality (p-value 0.017) as was ICU admission (p = 0.009) and an A1C > 6.5 (p = 0.033). The mean change in FEV1 was −1.1% at 3 months with minimal change at 6 and 12 months (−2.6% and −1% respectively), all compared to baseline. Acute cellular rejection was identified in 13.7% of the SARS-CoV-2 cohort compared to 11.8% in the matched control group; it was not significantly associated with the infection status (p = 0.706). However, all-cause mortality was significantly associated with infection status (p = 0.019).



Conclusion: Long-term outcomes of SARS-CoV-2 in lung transplant recipients are widely variable. Within the SARS-CoV-2 cohort, all-cause mortality was 24.5%, and older age was significantly associated with mortality. We did not observe significant declines in FEV1 in this group.
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Introduction

The COVID-19 pandemic, due to the SARS-CoV-2 virus, represents an ongoing global health burden resulting in considerable morbidity and mortality. The SARS-CoV-2 virus primarily targets the lungs, where it infiltrates epithelial cells, facilitated by the spike glycoprotein on its outer envelope, resulting in the up-regulation of various inflammatory cytokines into the circulation and potentially leading to an acute respiratory syndrome in severe cases (1). As SARS-CoV-2 has evolved, newer variants have dominated in different eras, each with variable infectivity, immune evasion, and disease severity (2).

Comorbidities, particularly immunosuppression, significantly affect SARS-CoV-2 by increasing infectivity, modifying disease progression, and potentially attenuating vaccine response (3). Consequently, solid organ transplant recipients (SOTRs), due to their chronic immunosuppression and medical comorbidities, have a high early post-infectious mortality rate, ranging from 13% to 30% in different published cohorts (4–7). Other viruses have been shown to impact long-term rejection risk in lung transplant recipients. Whether this occurs in the aftermath of SARS-CoV-2 infection is not yet known.

This study aims to describe our experience with SARS-CoV-2 infection in LTRs, specifically the long-term follow-up of these patients up to 1 year after infection. We studied the impact on performance status via the change in the forced expiratory volume in the first second (FEV1) post-infection in LTRs. We compared the rates of acute cellular rejection (ACR) and mortality post-infection in LTRs to those in a matched control group.



Methods

This retrospective observational study was conducted at a large-volume tertiary medical center by reviewing LTRs' medical charts. In our center, we follow transplant patients serially as per our transplant protocol. This includes updating records in the patient's chart following outpatient visits, pulmonary rehabilitation visits, lab workup visits, procedural visits, and telehealth visits.


Study populations

We retrospectively reviewed our patients' medical charts between June 1st, 2020, and April 30th, 2021, to identify those infected with SARS-CoV-2. Infection was confirmed by either a polymerase chain reaction (PCR) test or a rapid antigen test performed at home or at a healthcare facility. Demographic data including age, sex, BMI, primary disease, type of transplant, date of transplant, and presence of chronic kidney disease were obtained for each patient. Additionally, we recorded the immunosuppression regimen, any augmented treatments in the preceding 2 months, baseline FEV1, and vaccination status. We collected data on each patient's condition during the SARS-CoV-2 infection—particularly regarding hospitalization, the severity of the disease, treatment received, oxygen and ventilator/support need, and mortality. By hospital protocol, the third immunosuppressive agent was held during the infection. We continued to track patients who survived post-infection for any recorded FEV1 and transbronchial lung biopsies (TBLB) at 3, 6, and up to 12 months post-SARS-CoV-2 infection.

We included a control group of LTRs without SARs-CoV-2 to compare ACR and all-cause mortality rates to the study cohort. The control group was comprised of patients who did not have SARS-CoV-2 infection from a concomitant study using 1:1 matching based on age at transplant (±5 years), the number of years since transplant (0–2, 2–4, 4–6, 6+), and transplant type (bilateral vs. single). The index date for the control group was 12 months before the last recorded biopsy (April 7, 2022), and the index date for the SARS-CoV-2 group was the date of the SARS-CoV-2 infection. Two patients from the SARS-CoV-2 group were not matched to any patient in the control group and were excluded from the subsequent analysis.

Our study was approved by the institutional review boards (IRB) at our hospital (Pro00105791).



Study endpoints

Primary endpoints for the matched analysis were ACR and all-cause mortality within 12 months. ACR was defined as any TBLB performed within 12 months from the index date that resulted in an A1 stage rejection or higher, as defined by ISHLT guidelines. For the SARS-CoV-2 cohort, pre-infection baseline FEV1 and follow-ups at approximately 3, 6, and 12 months were recorded. Baseline FEV1 was defined as the most recent measure recorded before infection. Percent change in FEV1 compared to baseline was calculated.



Statistical analysis

We provide descriptive statistics tables for the SARS-CoV-2 patients by hospitalization status and all-cause mortality. We tested if various clinical covariates differed by these outcomes using the Wilcoxon Rank Sum Test and Fisher's Exact Test. To compare rates of ACR between the SARS-CoV-2 cohort and the control cohort, we modeled the odds of ACR by SARS-CoV-2 status using a conditional logistic regression model stratifying on the matched pairs. We presented the odds ratio (OR), 95% confidence interval, and p-value. To compare all-cause mortality within 12 months between the 2 cohorts, we modeled the odds of mortality by SARS-CoV-2 status using a conditional logistic regression model stratifying on the matched pairs and presented the odds ratio, 95% confidence interval, and p-value.

All of the surviving SARS-CoV-2 patients were presented with changes in FEV1 at approximately 3, 6, and 12 months compared to baseline. Change in FEV1 was defined as (FEV1 follow-up—Baseline)/Baseline. To estimate the change in FEV1 over time, we fit a linear mixed effect model to time, including a random intercept for the patient, and presented the estimate, 95% CI, and p-value.




Results


Demographics

Fifty-three LTRs were confirmed to have SARS-CoV-2 infection between June 1, 2020, and April 30, 2021. The median age was 64 years, ranging between 21 and 81 years 58.5% of our population were male. Most of our LTRs (92.5%) had bilateral orthotopic lung transplants (BOLT). Most of our patients were of normal weight (32.1%) or overweight (45.3%) and had an eGFR < 60 (81.1%), with a median eGFR of 42. Thirty-nine (73.6%) of our patients were on three immunosuppressive agents at baseline, with the remainder on two agents. Four patients received augmented immunosuppression 2 months before infection, and four patients had previously received alemtuzumab. Most of our patients were unvaccinated at the time of infection (86.8%) (Tables 1, 2).


TABLE 1 SARS-CoV-2 patient demographics by hospitalization status.
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TABLE 2 SARS-CoV-2 patient demographics by all-cause mortality within 12 months.
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Outcomes in the SARS-CoV-2 cohort

Twenty-nine (54.7%) LTRs did not require hospitalization, and those patients did not have new oxygen requirements, while twenty-four (45.3%) required hospitalization, with a mean length of hospital stay of 20.6 days. Thirteen patients (24.5%) required admission to the ICU—of those in the ICU, 8 patients required mechanical ventilation, 2 of whom required ECMO. The majority of the hospitalized patients were treated with dexamethasone (87.5%) and remdesivir (83.3%), while most of the non-hospitalized patients did not require treatment (3 patients received dexamethasone, and 12 patients received monoclonal antibody infusions). Overall, 40 (75.5%) LTRs survived at least 12 months post-SARS-CoV-2 infection. Thirteen (24.5%) died within 12 months due to any cause, 8 of whom died due to the SARS-CoV-2 infection and its complications (Tables 1, 2). The remaining deaths not related to COVID-19 were attributed to metastatic cancer (1 patient), non-COVID-related infections during separate admissions (3 patients), and chronic lung allograft dysfunction (CLAD, 1 patient).

The patient's age during infection was significantly associated with all-cause mortality (p-value 0.017). Those who survived were younger, with a mean age of 55.9 years, compared to those who died, with a mean age of 67.6 years. Having an HbA1C ≥ 6.5, previous administration of alemtuzumab, and being admitted to the ICU were statistically significantly associated with mortality with p-values of 0.033, 0.042, and 0.009, respectively, although the event rates were small (Table 2). Associations between the outcomes (hospitalization, mortality) and oxygen needs and SARS-CoV-2 treatments were not interpreted due to confounding resulting from variations in access to treatments and the severity of the disease.



ACR and all-cause mortality: matched analysis

Matching between our SARS-CoV-2 LTRs and our non-infected control cohort LTRs resulted in 51 matched patients per cohort (Table 3). 13.7% of the SARS-CoV-2 patients suffered ACR within 12 months post-infection compared to 11.8% in the control group. Both groups' biopsy frequency differences can be noted in Table 3. 21 (47.7%) of the SARS-COV-2 population did not have biopsies vs. 29 (64.4%) of the control cohort. The association between ACR within 12 months and SARS-CoV-2 infection was not statistically significant, with an odds ratio of 1.333 (0.298, 5.957) and a p-value of 0.706. Infection with SARS-CoV-2 in LTRs was significantly associated with increased odds of 12-month all-cause mortality (OR 6.00, 95% CI 1.343–26.81, p-value 0.019) (Table 4).


TABLE 3 Demographics, rates of ACR, and mortality for matched SARS-CoV-2 cohort and control cohort.
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TABLE 4 Separate conditional logistic regressions testing the association between COVID status and outcomes acute cellular rejection and all-cause mortality within 12 months (N = 102).
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Change in FEV1 in the SARS-CoV-2 cohort

Among our LTRs with SARS-CoV-2 infection (n = 53), 27 performed pulmonary function tests (PFTs) at approximately 3 months post-infection, 37 patients at approximately 6 months, and 28 patients at approximately 12-month intervals. The mean change in FEV1 relative to baseline was −1.1% at around 3 months post-infection, −2.6% around 6 months, and −1% at about 12 months (Table 5). The trajectory of FEV1 for the SARS-CoV-2 patients at baseline, about 3, 6, and 12 months, is shown in a spaghetti plot (Figure 1). From the linear mixed effects model, for each additional month past the baseline, FEV1 decreases by 10.14 ml on average; however, this finding was not statistically significant [estimate: −10.14 ml (−21.36, 1.09), p-value 0.076].


TABLE 5 Change in FEV1 for the SARS-CoV-2 cohort (liters).
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FIGURE 1
The trajectory of FEV1 at baseline, 3, 6, and 12 months for N = 53 SARS-CoV-2 patients.





Discussion

The temporal scope of our analysis corresponds to the relatively short period since the onset of the COVID-19 pandemic. Data on SARS-CoV-2 infection in long-term recipients (LTRs) remain insufficient, particularly regarding its long-term outcomes and recovery. Our study adds to the growing body of knowledge on COVID-19 within the transplant population, particularly emphasizing the diverse genetic strains and their potential variability in influencing outcomes. Notably, our study is unique in that most patients were unvaccinated during the early stages of the pandemic. We included a 12-month post-infection follow-up and used a matched case-control design to evaluate the rates of ACR and all-cause mortality. Our cohort was infected during a timeframe when the predominant strains were the alpha, beta, gamma, and delta variants of the virus.

Overall, the results of our study reveal that the outcome of SARs-CoV-2 infection in LTRs is widely variable. This was, likewise, presented in other reported studies. A study from Sweden that included 47 LTRs infected with SARS-CoV-2 revealed a mortality rate of 4.5% and a severe disease course in those having low pre-infection lung function (8). Another study from France described SARS-CoV-2 infection outcomes in 35 LTRs, with 88.6% required hospitalization and a 14.3% mortality rate (9). Mortality was greater in a multicenter study of 44 LTRs from Spain (39%) (10). Likewise, the severity of the disease was reflected in a single-center study from New York evaluating 32 LTRs infected with SARS-CoV-2, revealing a mortality rate of 34% (11). Our study continues to reflect these variable outcomes, where the all-cause mortality rate within 12 months post-infection was 24.5%, and the SARS-CoV-2-specific mortality rate was 15.1%. From the matched analysis, the odds of all-cause mortality for infected LTRs were notably six times the odds for non-infected LTRs, reflecting the pathogenicity of the virus.

Our study noted increasing age as a significant risk factor for all-cause mortality from SARS-CoV-2, as noted elsewhere (8, 12, 13). Similarly, a study of COVID-19 cases from November 2020 to February 2021 reported an overall 90-day all-cause mortality rate of 17%, with a higher mortality among patients with severe disease (54%) (14). Conversely, other demographic factors and immunosuppressive regimens did not appear to be associated with mortality. In our study, HbA1c ≥ 6.5, previous receipt of alemtuzumab, and ICU admission were significantly associated with mortality. Similar results indicating that elevated HbA1C increases mortality risk were found in a systemic review and meta-analysis that studied the general population (15). Alemtuzumab has not previously been reported to be associated with increased COVID-19–related mortality in the transplant population. The observed association in our review may not accurately reflect the broader population due to the limited number of patients included. Nonetheless, given its profound lymphocyte-depleting effects, alemtuzumab is theoretically considered to increase susceptibility to infections. Most of the available data on COVID-19 mortality and Alemtuzumab originates from studies involving multiple sclerosis patients, with limited literature on lung transplant recipients (16, 17).

Most of our patients were not vaccinated, reflecting enrollment in our study and vaccine availability at the time. Vaccination against the SARS-CoV-2 virus was launched in December 2020 in the United States (18), suggesting that some of our patients may have acquired infection in the pre-vaccination era. Truly, our group represents LTRs who were infected with the early variants of the SARS-COV-2 virus, a timeline when vaccinations were newly introduced and perhaps still not widely acknowledged. Despite the majority being unvaccinated, more than half of our patients did not require hospitalization or oxygen needs.

Respiratory infections, the majority of the post-transplant insults, have been perceived to affect the allograft function by causing acute cellular rejection (19, 20). However, the clinical predictors of developing acute rejection post-infection remain lacking. Some studies revealed an increased risk of BOS following respiratory infections (21–23). Our study has shown that the rate of ACR in LTRs who acquired the SARS-CoV-2 virus and LTRs without infection was remarkably similar, suggesting post-viral ACR does not always occur. However, we note that patients who died within the 12 months did not have the same opportunity to develop ACR, therefore, future studies may want to consider semi-competing risks of ACR and death in this population.

Spirometry is considered a clinical marker of any respiratory insult in lung transplants. Any significant decline in FEV1 and FVC is often associated with infection or allograft rejection (24, 25). We expected to observe a substantial drop in the baseline FEV1 of our patients following infection with the SARS-CoV-2 virus, however, that was not the case in our cohort. Our findings showed that the mean change in FEV1 was −1.1% at about 3 months post-infection, −2.6% at about 6 months, and −0.01 at about 12 months, and time was not found to be significantly associated with FEV1. However, we observed stabilization after an early decline in FEV1 in the 3 months post-infection (Figure 1). This remains a descriptive interpretation and is limited by various missing time points.

This study was limited by the retrospective nature of the observational chart review and some missing data points, especially regarding PFTs and biopsy-proven ACR. We also did not have imaging data for more than half of the patients, primarily because many did not have inpatient care. Additionally, only a limited number underwent biopsies in this cohort, reflecting the reduced frequency of surveillance biopsies related to COVID-related logistical constraints. As a result, the rates of acute cellular rejection (ACR) may have been underestimated. Although our infected cohort is larger than other reported studies, the numbers remain small. Based on available data, follow-up at 3-, 6-, and 12-month intervals varied in timing between patients. Finally, as previously noted, our cohort of lung transplant recipients with SARS-CoV-2 infection was unvaccinated, which limits the generalizability of our findings to the post-vaccination era, particularly in the context of emerging variants beyond the early SARS-CoV-2 strains.



Conclusion

The outcome of SARS-CoV-2 infection in LTRs is widely variable. Our study described the outcome and is one of the few with data on long-term follow-up of patients who acquired the infection, especially focusing on an early strain of the virus. The SARS-CoV2-specific mortality of 15.1% and a high all-cause mortality rate of 24.5% show the vulnerability of this population to novel infections with indirect downstream consequences leading to high morbidity and mortality. Older age is significantly associated with mortality. Although the numbers were small, higher mortality was seen in patients requiring ICU admission, diabetics with higher A1C, and patients receiving alemtuzumab, providing hypotheses for further study in this population. The majority of our patients were unvaccinated or perhaps in the pre-vaccination era. Significantly higher rates of ACR or decline in FEV1 were not observed with the SARS-CoV-2 infection. The long-term impact on chronic allograft function remains to be seen. Given the emergence of subsequent strains of the virus, our findings establish a baseline for comparing the impact of these later variants on the lung transplant population, particularly in the post-vaccination era.



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 authors.



Ethics statement

Our study was approved by the institutional review boards (IRB) at our hospital (Pro00105791). The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants' legal guardians/next of kin in accordance with the national legislation and institutional requirements.



Author contributions

SH: Writing – original draft, Writing – review & editing. RH: Writing – original draft, Writing – review & editing. SL: Writing – original draft, Writing – review & editing. SM: Formal analysis, Methodology, Writing – original draft, Writing – review & editing. SP: Formal analysis, Methodology, Writing – original draft, Writing – review & editing. JW: Supervision, Writing – review & editing. JR: Supervision, Writing – review & editing. CW: Supervision, Writing – review & editing. HA: Supervision, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research and/or publication of this article. SM and SP receive research support from the Biostatistics, Epidemiology, and Research Design (BERD) Methods Core funded through the National Institutes of Health (NIH) [UL1TR002553].



Acknowledgments

We wish to acknowledge support from the Biostatistics, Epidemiology and Research Design (BERD) Methods Core funded through Grant Award Number UL1TR002553 from the National Center for Advancing Translational Sciences (NCATS), a component of the National Institutes of Health (NIH). The content is solely the responsibility of the authors and does not necessarily represent the official views of the NIH.



Conflict of interest

CW serves on the Data Safety Monitoring Board for Biogen, Janssen Pharmaceuticals and Atea.

The remaining 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.



Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.



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.



Abbreviations

ACR, acute cellular rejection; AMR, antibody mediated rejection; BMI, body mass index; BOLT, bilateral orthotopic lung transplant; BOS, bronchiolitis obliterans syndrome; CI, calcineurin inhibitor; CKD, chronic kidney disease; ECMO, extracorporeal membrane oxygenation; eGFR, estimated glomerular filtration rate; FEV1, forced expiratory volume in the first second; FVC, forced vital capacity; HbA1C, hemoglobin A1C; HFNC, high flow nasal cannula; ICU, intensive care unit; LOS, length of stay; LTRs, lung transplant recipients; mRNA, messenger RNA; PCR, polymerase chain reaction; PFT, pulmonary function test; SOLT, single orthotopic lung transplant; SOTRs, solid organ transplant recipients; TBLB, transbronchial lung biopsy.



References

1. Sadhukhan P, Ugurlu MT, Hoque MO. Effect of COVID-19 on lungs: focusing on prospective malignant phenotypes. Cancers. (2020) 12(12):3822. doi: 10.3390/cancers12123822

2. WHO. Tracking SARS-CoV-2 variantsJune 6 2024. Available online at: https://who.int/en/activities/tracking-SARS-CoV-2-variants/ (Accessed February 03, 2025).

3. Fang H, Liu Q, Xi M, Xiong D, He J, Luo P, et al. Impact of comorbidities on clinical prognosis in 1280 patients with different types of COVID-19. J Investig Med. (2021) 69(1):75–85. doi: 10.1136/jim-2020-001555

4. Raja MA, Mendoza MA, Villavicencio A, Anjan S, Reynolds JM, Kittipibul V, et al. COVID-19 in solid organ transplant recipients: a systematic review and meta-analysis of current literature. Transplant Rev. (2021) 35(1):100588. doi: 10.1016/j.trre.2020.100588

5. Kates OS, Haydel BM, Florman SS, Rana MM, Chaudhry ZS, Ramesh MS, et al. Coronavirus disease 2019 in solid organ transplant: a multicenter cohort study. Clin Infect Dis. (2021) 73(11):e4090–99. doi: 10.1093/cid/ciaa1097

6. Pereira MR, Mohan S, Cohen DJ, Husain SA, Dube GK, Ratner LE, et al. COVID-19 in solid organ transplant recipients: initial report from the US epicenter. Am J Transplant. (2020) 20(7):1800–8. doi: 10.1111/ajt.15941

7. Azzi Y, Bartash R, Scalea J, Loarte-Campos P, Akalin E. COVID-19 and solid organ transplantation: a review article. Transplantation. (2021) 105(1):37–55. doi: 10.1097/TP.0000000000003523

8. Magnusson JM, Larsson H, Alsaleh A, Ekelund J, Karason K, Schult A, et al. COVID-19 in lung transplant recipients: an overview of the Swedish national experience. Transpl Int. (2021) 34(12):2597–608. doi: 10.1111/tri.14148

9. Messika J, Eloy P, Roux A, Hirschi S, Nieves A, Le Pavec J, et al. COVID-19 in lung transplant recipients. Transplantation. (2021) 105(1):177–86. doi: 10.1097/TP.0000000000003508

10. Saez-Gimenez B, Berastegui C, Barrecheguren M, Revilla-Lopez E, Los Arcos I, Alonso R, et al. COVID-19 in lung transplant recipients: a multicenter study. Am J Transplant. (2021) 21(5):1816–24. doi: 10.1111/ajt.16364

11. Aversa M, Benvenuto L, Anderson M, Shah L, Robbins H, Pereira M, et al. COVID-19 in lung transplant recipients: a single center case series from New York city. Am J Transplant. (2020) 20(11):3072–80. doi: 10.1111/ajt.16241

12. Softeland JM, Friman G, von Zur-Muhlen B, Ericzon BG, Wallquist C, Karason K, et al. COVID-19 in solid organ transplant recipients: a national cohort study from Sweden. Am J Transplant. (2021) 21(8):2762–73. doi: 10.1111/ajt.16596

13. Ng JH, Hirsch JS, Hazzan A, Wanchoo R, Shah HH, Malieckal DA, et al. Outcomes among patients hospitalized with COVID-19 and acute kidney injury. Am J Kidney Dis. (2021) 77(2):204–15.e1. doi: 10.1053/j.ajkd.2020.09.002

14. Laothamatas K, Hum J, Benvenuto L, Shah L, Grewal HS, Pereira M, et al. One year into the pandemic: evolving COVID-19 outcomes in lung transplant recipients, a single-center experience. Transplant Direct. (2022) 8(3):e1296. doi: 10.1097/TXD.0000000000001296

15. Prattichizzo F, de Candia P, Nicolucci A, Ceriello A. Elevated HbA1c levels in pre-COVID-19 infection increases the risk of mortality: a sistematic review and meta-analysis. Diabetes Metab Res Rev. (2022) 38(1):e3476. doi: 10.1002/dmrr.3476

16. Iovino A, Olivieri N, Aruta F, Giaquinto E, Ruggiero L, Spina E, et al. Alemtuzumab in COVID era. Mult Scler Relat Disord. (2021) 51:102908. doi: 10.1016/j.msard.2021.102908

17. Zheng C, Kar I, Chen CK, Sau C, Woodson S, Serra A, et al. Multiple sclerosis disease-modifying therapy and the COVID-19 pandemic: implications on the risk of infection and future vaccination. CNS Drugs. (2020) 34(9):879–96. doi: 10.1007/s40263-020-00756-y

18. Fortner A, Schumacher D. First COVID-19 vaccines receiving the US FDA and EMA emergency use authorization. Discoveries. (2021) 9(1):e122. doi: 10.15190/d.2021.1

19. Soccal PM, Aubert JD, Bridevaux PO, Garbino J, Thomas Y, Rochat T, et al. Upper and lower respiratory tract viral infections and acute graft rejection in lung transplant recipients. Clin Infect Dis. (2010) 51(2):163–70. doi: 10.1086/653529

20. Vu DL, Bridevaux PO, Aubert JD, Soccal PM, Kaiser L. Respiratory viruses in lung transplant recipients: a critical review and pooled analysis of clinical studies. Am J Transplant. (2011) 11(5):1071–8. doi: 10.1111/j.1600-6143.2011.03490.x

21. Allyn PR, Duffy EL, Humphries RM, Injean P, Weigt SS, Saggar R, et al. Graft loss and CLAD-onset is hastened by viral pneumonia after lung transplantation. Transplantation. (2016) 100(11):2424–31. doi: 10.1097/TP.0000000000001346

22. Khalifah AP, Hachem RR, Chakinala MM, Schechtman KB, Patterson GA, Schuster DP, et al. Respiratory viral infections are a distinct risk for bronchiolitis obliterans syndrome and death. Am J Respir Crit Care Med. (2004) 170(2):181–7. doi: 10.1164/rccm.200310-1359OC

23. Fisher CE, Preiksaitis CM, Lease ED, Edelman J, Kirby KA, Leisenring WM, et al. Symptomatic respiratory virus infection and chronic lung allograft dysfunction. Clin Infect Dis. (2016) 62(3):313–9. doi: 10.1093/cid/civ871

24. Martinez JA, Paradis IL, Dauber JH, Grgurich W, Richards T, Yousem SA, et al. Spirometry values in stable lung transplant recipients. Am J Respir Crit Care Med. (1997) 155(1):285–90. doi: 10.1164/ajrccm.155.1.9001326

25. Pego-Fernandes PM, Abrao FC, Fernandes FL, Caramori ML, Samano MN, Jatene FB. Spirometric assessment of lung transplant patients: one year follow-up. Clinics. (2009) 64(6):519–25. doi: 10.1590/S1807-59322009000600006



OPS/images/frtra-04-1583919-t003.jpg
Characteristics SARS-CoV-2 Control
patients (N = 51) cohort
(N =51)
Age at transplant (years)
Mean (SD) 53.3 (14.9) 536 (14.4)
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SOLT 2 (39%) 2(39%)
Acute cellular rejection” 7 (13.7%) 6 (11.8%)
No Acute cellular rejection 44 (86.3%) 45 (88.2%)
Patients with no biopsies 21 (47.7%) 29 (64.4%)
Patients with at least one 23 (52.3%) 16 (35.6%)
biopsy but no rejection
All-cause 12 month mortality 13 (25.5%) 3 (5.9%)
‘Time index to death (days)
N 13 3
Mean (SD) 976 (107.8) 330 (98)
Median [Q1, Q3] 4307, 144] 333 (326, 335.5]
Range (5, 309) (319, 338)

‘Index date for covid patients was the date of infection, for control patients was April 7, 2020,
At least one biopsy of Grade Al or higher within 12 months. Patients with no biopsies
recorded were considered negative for ACR.
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Characteristic
Age (years)

Died within 12 months (N = 13)

67 [64, 70]

Survived (N
58 [47.2, 68]

Overall (N = 53)
64 [53, 70]

p-value*

Age at 1st transplant (years)

62 [60, 63]

535 (368, 622]

58 [48, 63]

Sex

Female

5 (38.5%)

17 (42.5%)

22 (415%)

Male

8 (61.5%)

23 (57.5%)

31 (58.5%)

BMI (kg/m”)

266 [237, 27.4]

259 (232, 298]

261 [23.4, 29

BMI categories

Undenweight

0 (0%)

1(25%)

1(1.9%)

Normal weight 4 (30.8%) 13 (325%) 17 (32.1%)

Overweight 8 (61.5%) 16 (40%) 24 (45.3%)

Obese 1(7.7%) 10 (25%) 11 (20.8%)
CKD (eGER < 60) 12 (923%) 31 (77.5%) 43 (811%) 0419
€GER (ml/min) 39 (29, 51 435 [348, 552] 42 (324, 55

HBAIC>6.5 (n=52)

N

13

39

52

Yes

5 (38.5%)

4 (103%)

9 (17.3%)

‘Type of transplant 0561
BOLT 13 (100%) 36 (90%) 49 (92.5%)
SOLT 0.(0%) 4(10%) 4(75%)
Regimen 0292
Two agents: CI + steroids 5 (38.5%) 9 (225%) 14 (26.4%)
Three agents: CI + steroids 8 (61.5%) 31 (77.5%) 39 (73.6%)
Augmented treatment (1= 4) 1
N 2 2 4
Pulse Steroids + taper 0.(0%) 1.(50%) 1(25%)
Anti-Thymocyte Globulin 1(50%) 0 (0%) 1(25%)
Others (Rituximab for AMR) 1(50%) 1(50%) 2 (50%)
Received Alemtuzumab 3 (23.1%) 1(25%) 4(7.5%) 0.042

Covid Vaccinated Status

Non-vaccinated

13 (100%)

33 (82.5%)

46 (86.8%)

Hospital LOS (days)
N

9

15

24

Median [Q1, Q3]

10 [7,17)

11 (55,175

10 (638, 17.8]

mRNA vaccine one dose 0 (0%) 3 (7.5%) 3 (57%)

mRNA vaccine two doses 0 (0%) 4 (10%) 4 (7.5%)
itali 9 (69.2%) 15 (37.5%) 24 (45.3%) 0060
0929

Same home baseline O,

1(7.7%)

0 (0%)

1(1.9%)

Admitted to ICU 7 (53.8%) 6 (15%) 13 (24.5%) 0.009
ICU LOS (days) 0616
N 7 6 13
Median [Q1, Q3] 106, 195 14 [11, 365] 1417, 22]
Oxygen/Ventilator Needs <0001
None 3(231%) 29 (72.5%) 32 (604%)
Low flow Nasal Cannula 2 (15.4%) 8 (20%) 10 (18.9%)
HENC 1(7.7%) 1(25%) 2 (3.8%)
Mechanical Ventilation 4 (30.8%) 2 (5%) 6 (11.3%)
Mechanical Ventilation and ECMO 2 (15.4%) 0 (0%) 2 (3.8%)

SARS-CoV-2 received

Dexamethasone 10 (769%) 14 (35%) 24 (45.3%) 0011
Remdesivir 9 (69.2%) 11 (275%) 20 (37.7%) 0010
Monoclonal Antibodies 1(7.7%) 12 (30%) 13 (245%) 0.148
Convalescent Plasma 2 (15.4%) 1(25%) 3(5.7%) 0145

Median [Q1, Q3] and n (%) are presented.
*p-values from Wilcoxon Rank Sum Test and Fisher’s Exact Tests.
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FEV1 change
Change in FEV1 3 months

SARS-CoV-2 patients (N = 53)

N

27

Mean (SD) —0011 (0.216)
Median [Q1, Q3] ~0.015 [~0.074, 0.02]
Range (-0471, 0.75)
Change in FEV1 6 months

N 37

Mean (SD) ~0.026 (0.283)
Median [Q1, Q3] ~0.067 [-0.111, 0024]
Range (0,607, 1.271)
Change in FEV1 12 months

N 2

Mean (SD) ~001 (0.347)
Median [Q1, Q3] ~0.064 [~0.095, 0.052]
Range (-0.607, 1.479)

Change in FEV1 = (FEV1 follow up—Baseline)/Baseline.
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Outcome Covariate | OR | 95% C.I. | p-value*
Acute cellular rejection’ | Covid status (Yes) | 1.333 | (0298,5957) | 0706

Allcause mortality | Covid status (Yes) | 600 | (1343,2681) | 0.019

‘As defined by a biopsy of grade Al+.
*Wald Test
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Characteristic Hospitalized (N = 24) Not hospitalized (N = 29) Overall (N = 53) p-value*
Age (years) 64 (55, 68.5] 63 [53, 70] 64 [53, 70]
Age at st transplant (years) 59 [50.5, 63] 57 (37, 63 58 (48, 63]
Sex
Female 10 (41.7%) 12 (414%) 22 (41.5%)
Male 14 (58.3%) 17 (58.6%) 31 (58.5%)
BMI (kg/m”) 262 [22.5, 27.5] 259 (24, 29.7) 26.1 [23.4, 29.7]
BMI categories
Underweight 0 (0%) 1(34%) 1(1.9%)
Normal weight 9 (375%) 8 (27.6%) 17 (32.1%)
Overweight 10 (41.7%) 14 (48.3%) 24 (45.3%)
Obese 5 (208%) 6 (20.7%) 11 (20.8%)
CKD (eGFR < 60) 21 (87.5%) 22 (75.9%) 43 (81.1%)
€GER (ml/min) 395 [295, 51] 49 (34, 57) 42 (324, 55)
HBAIC26.5 (n=52)
N 2 2 52
Yes 7 (30.4%) 2 (6.9%) 9 (173%)
Type of Transplant
23 (95.8%) 26 (89.7%) 49 (92.5%)
1(4.2%) 3(10.3%) 4(7.5%)
Immunosuppression Regimen
Two agents: CI + steroids 6 (25%) 8 (27.6%) 14 (264%)
Three agents: CI + steroids 18 (75%) 21 (72.4%) 39 (73.6%)
Augmented treatment (n = 4)
N 3 1 4
Pulse Steroids + taper 1(333%) 0.(0%) 1.25%)
i 0 (0%) 1 (100%) 1 (25%)
Others (Rituximab for AMR) 2 (66.7%) 0 (0%) 2 (50%)
Received Alemtuzumab 3 (125%) 1(3.4%) 4 (75%)
Covid Vaccination Status
Non-vaccinated 20 (83.3%) 26 (89.7%) 46 (86.8%)
MRNA vaccine one dose 1(4.2%) 2 (6.9%) 3 (5.7%)
‘mRNA vaccine two doses 3 (12.5%) 1(34%) 4(75%)
Hospital LOS (days) (n = 24) 10 638, 17.8] e
Admitted to ICU (n =53) 13 (54.2%) =
ICU LOS (days) (n=13) 14(7,22] - -
Oxygen/Ventilator Needs (n = 53) <0001
None 4(16.7%) 28 (96.6%) 32 (60.4%)
Low flow Nasal Cannula 10 (41.7%) 0 (0%) 10 (18.9%)
HENC 2(83%) 0.(0%) 2(3.8%)
Mechanical Ventilation 6 (25%) 0 (0%) 6 (11.3%)
Mechanical Ventilation and ECMO 2 (8.3%) 0 (0%) 2 (3.8%)
Same home baseline O, 0 (0%) 1(34%) 1(1.9%)
SARS-CoV-2 Received
D 21 (87.5%) 3 (103%) 24 (45.3%) <0001
Remdesivir 20 (83.3%) 0.(0%) 20 (37.7%) <0001
Monoclonal Antibodies 1(4.2%) 12 (41.4%) 13 (24.5%) 0.003
Convalescent Plasma 3 (125%) 0(0%) 3 (57%) 0.086
All-cause Mortality* 9 (375%) 4(13.8%) 13 (24.5%) 0.060

Median [Q1, Q3] and n (%) are presented.

'8 of the mortalities were due to SARS-CoV-2 or related complications.
*p-values from Wilcoxon Rank Sum Test and Fisher’s Exact Tests.
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