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Background.  Most studies of solid organ transplant (SOT) recipients with coronavirus disease 2019 (COVID-19) focus on out-
comes within 1 month of illness onset. Delayed mortality in SOT recipients hospitalized for COVID-19 has not been fully examined.

Methods.  We used data from a multicenter registry to calculate mortality by 90 days following initial acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) detection in SOT recipients hospitalized for COVID-19 and developed multivariable Cox proportional 
hazards models to compare risk factors for death by days 28 and 90.

Results.  Vital status at day 90 was available for 936 of 1117 (84%) SOT recipients hospitalized for COVID-19; 190 of 936 (20%) 
died by 28 days, and an additional 56 of 246 deaths (23%) occurred between days 29 and 90. Factors associated with mortality by 
day 90 included age >65 years (adjusted hazard ratio [aHR], 1.8 [1.3–2.4]; P <.001), lung transplant (vs nonlung transplant; aHR, 1.5 
[1.0–2.3]; P = .05), heart failure (aHR, 1.9 [1.2–2.9]; P = .006), chronic lung disease (aHR, 2.3 [1.5–3.6]; P < .001), and body mass 
index ≥30 kg/m2 (aHR, 1.5 [1.1–2.0]; P = .02). These associations were similar for mortality by day 28. Compared with diagnosis 
during early 2020 (1 March 2020–19 June 2020), diagnosis during late 2020 (20 June 2020–31 December 2020) was associated with 
lower mortality by day 28 (aHR, 0.7 [0.5–1.0]; P = .04) but not by day 90 (aHR, 0.9 [0.7–1.3]; P = .61).

Conclusions.  In SOT recipients hospitalized for COVID-19, >20% of deaths occurred between 28 and 90 days following SARS-
CoV-2 diagnosis. Future investigations should consider extending follow-up duration to 90 days for more complete mortality 
assessment.

Coronavirus disease 2019 (COVID-19), caused by severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2), has been a 
global pandemic since March 2020. Many observational studies 
and randomized clinical trials to measure COVID-19 mor-
tality have used ≤1 month follow-up periods to assess mortality 

[1–7]. However, a substantial number of patients remain alive 
but critically ill with continued risk for imminent death beyond 
28 days after diagnosis, and some patients who appear to have 
recovered from COVID-19 experience worsening of symp-
toms later in their disease course [1]. In the general population, 
15%–25% of all deaths in patients hospitalized for COVID-19 
during the first 90 days of illness occur after day 30 [8–11]. 
Thus, mortality measured at 90 days, rather than 28 or 30 days, 
may provide a more comprehensive understanding of COVID-
19–associated mortality.

Solid organ transplant (SOT) recipients are at risk for severe 
COVID-19 [4, 12, 13]. While short-term mortality is well char-
acterized in SOT recipients with COVID-19, few investigations 
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have focused on outcomes beyond 1 month. Capturing delayed 
mortality is particularly relevant in SOT recipients, as experi-
ence with the solid organ transplant process’ emphasis on sur-
vival may lead to greater pursuit of life-prolonging interventions 
during critical illness [14]. SOT recipients who receive chronic 
immunosuppressive therapies and/or certain COVID-19 ther-
apies, such as high-dose corticosteroids, may be at higher risk 
for secondary opportunistic infections and associated late mor-
tality [15]. We previously described outcomes in the first 28 
days following SARS-CoV-2 diagnosis among SOT recipients 
enrolled in a multicenter registry [12, 16–18]. We used addi-
tional data from this registry to calculate mortality by 90 days 
among SOT recipients hospitalized for COVID-19 and to deter-
mine whether risk factors for death by 28 days are also predic-
tive of death by 90 days.

METHODS

Study Design and Participants

We performed a multicenter, observational, cohort study of SOT 
recipients with laboratory-confirmed SARS-CoV-2 infection 
who were hospitalized for COVID-19 within 28 days of diag-
nosis and for whom vital status at day 28 was available, as previ-
ously described [12, 16, 17]. Patients were excluded if they were 
hospitalized for another indication prior to or concurrent with 
their first positive SARS-CoV-2 test. Patients who survived to 
day 28 were either followed through day 90 (last live encounter 
≥90 days from diagnosis or documented day of death between 
days 29 and 90) or considered lost to follow-up. The University 
of Washington Institutional Review Board (IRB) approved this 
study with a waiver of informed consent. The University of 
Washington IRB issued a “no human subjects research” desig-
nation for local sites that contributed deidentified patient data. 
Individual sites sought local IRB approval as needed.

Data Collection

We invited transplant providers to submit deidentified data 
regarding SOT recipients with SARS-CoV-2 infections to 
REDCap (Research Electronic Data Capture), a secure, web-
based data capture software program housed at the University 
of Washington [19]. Contributors were recruited from discus-
sion boards of the American Society of Transplantation and 
International Society for Heart and Lung Transplantation and 
asked to complete 3 electronic surveys: an initial form at time 
of first positive SARS-CoV-2 test that included medical history 
and details regarding clinical presentation, a 28-day follow-up 
form with information on the clinical course during the first 
28 days following first positive SARS-CoV-2 test, and a 90-day 
follow-up form with information on patients’ vital status at 90 
days. On each follow-up form, the contributor was asked to re-
port the number of days between first positive SARS-CoV-2 test 
(day 0) and most recent healthcare contact. For patients who 

died, contributors were asked to report the number of days be-
tween first positive SARS-CoV-2 test and death. The registry 
was open to new cases diagnosed between 1 March 2020 and 
31 December 2020 and remained open to follow-up reports 
through 19 April 2021. Completed case report forms were re-
viewed by the study team, and inconsistencies were adjudicated 
via communication with the contributor whenever possible.

Statistical Analyses

Demographic and baseline characteristics were assessed as 
counts and percentages for categorical values and as a median 
(interquartile range) for continuous variables. We calculated the 
mortality by 90 days among all patients for whom vital status 
at day 90 was available. To account for the potential impact of 
patients who were lost to follow-up after day 28 and whose vital 
status at 90 days was unknown, we performed a sensitivity anal-
ysis to calculate the range of possible mortality values for the 
entire cohort of SOT recipients hospitalized for COVID-19. 
The minimum value of this range assumed that 0% of the pa-
tients lost to follow-up died before day 90, and the maximum 
value of this range assumed that 100% of the patients lost to 
follow-up died before day 90.

We used univariable and multivariable Cox propor-
tional hazards models to assess associations between selected 
covariates and death by 28 and 90 days following first positive 
SARS-CoV-2 test. Patients were censored at last live encounter 
if lost to follow-up before 90 days. Specific covariates were 
selected based on hypotheses and prior publications indicating 
associations with worse outcomes in SOT recipients hospital-
ized for COVID-19 [12, 16, 17]. Covariates with a P value < .05 
in univariable analysis for 28-day mortality were included in 
multivariable models. Time period of diagnosis was classified 
as a dichotomous variable, early 2020 (1 March 2020–19 June 
2020) and late 2020 (20 June 2020–31 December 2020), be-
cause the time cutoff in June 2020 closely coincided with a par-
adigm shift in the care of patients with COVID-19 in response 
to evidence supporting use of corticosteroids for patients who 
required supplemental oxygen and the emergency use authori-
zation of remdesivir in the United States [17, 20–22]. Most data 
were complete; multiple imputations by chained equations were 
used to account for missing covariates in multivariable analyses 
[23]. Stata version 16.1 (StataCorp, College Station, TX) and 
R version 4.0.2 were used to perform the statistical analyses. 
Figures were created using R version 4.0.2 and Excel (Microsoft, 
Redmond, WA).

RESULTS

Study Population

Of 1702 SOT recipients with SARS-CoV-2 infections, 1141 
(67%) were hospitalized for COVID-19 within 28 days after 
first positive SARS-CoV-2 test; 1117 of 1141 (98%) were 
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followed through death or day 28 and therefore included in the 
analyses (Supplementary Figure 1). There were 694 (62%) men, 
and the median age was 59 years (interquartile range, 49–67). A 
total of 368 (34%) had undergone transplantation within 2 years 
of SARS-CoV-2 infection; 563 (50%) had diabetes mellitus, 69 
(6%) had heart failure, and 74 (7%) had chronic lung disease. 
There were 693 (62%) kidney recipients, 147 (14%) liver recipi-
ents, 137 (12%) heart recipients, and 127 (11%) lung recipients. 

First positive SARS-CoV-2 test occurred during early 2020 in 
593 (53%) patients. Of patients with available laboratory and 
imaging results at presentation, lymphopenia was present in 
325 (32%) and chest imaging was abnormal in 835 (82%), re-
spectively. One hundred and ninety (17%) were deceased and 
927 (83%) were alive at day 28. Among 927 who survived to day 
28, 746 (80%) were followed through death or day 90, while 181 
(20%) were lost to follow-up. Overall, characteristics of patients 

Table 1.  Characteristics of Solid Organ Transplant Recipients Hospitalized for Coronavirus Disease 2019

Characteristic, n (%) Followed Through Day 28 (n = 1117) Followed Through Day 90 (n = 936) 

Men 694 (62.2) 581 (62.1)

Age >65 years 343 (30.7) 290 (31.0)

Median age (interquartile range), years 59 (49–67) 60 (49–67)

Black race 370 (34.8) 287 (32.0)

Hispanic or Latinx ethnicity 338 (31.3) 298 (33.0)

Transplant within 2 years 368 (33.8) 323 (35.4)

Organa

  �Kidney 693 (62.0) 567 (60.6)

  �Liver 157 (14.1) 134 (14.3)

  �Heart 137 (12.3) 114 (12.2)

  �Lung 127 (11.4) 119 (12.7)

  �Other 3 (0.3) 2 (0.21)

Comorbidities

  �Diabetes mellitus 563 (50.4) 475 (50.8)

 � Body mass index ≥30 kg/m2 382 (35.8) 318 (35.7)

 � Chronic kidney disease or end-stage renal disease 406 (36.4) 325 (35.7)

  �Heart failure 69 (6.2) 57 (6.1)

  �Chronic lung disease 74 (6.6) 61 (6.5)

Baseline immunosuppression

  �Any CNI 1024 (91.7) 850 (90.8)

  �Any antimetabolite 836 (74.8) 709 (75.8)

  �Any corticosteroid 818 (73.2) 682 (72.9)

  �CNI, antimetabolite, steroids 589 (52.7) 498 (53.2)

  �Any mammalian target of rapamycin inhibitor 65 (5.8) 54 (5.8)

  �Recent intensive immunosuppressionb 67 (6.0) 63 (6.8)

Time period of diagnosis

  �Early 2020 (before 20 June 2020) 593 (53.1) 458 (48.9)

  �Late 2020 (on or after 20 June 2020) 411 (36.8) 371 (39.6)

  �Unknown 113 (10.1) 107 (11.4)

Surrogate markers of illness severity at presentation

  �Abnormal chest imagingc 835 (82.3) 689 (81.9)

  �Lymphopenia (absolute lymphocyte count <0.5 × 109/L) 325 (31.5) 275 (32.3)

Among the 1117 patients followed through day 28: sex was missing for 1; race was missing for 54; ethnicity was missing for 38; year of most recent transplant was missing for 28; body 
mass index (BMI) was missing for 50; and chest imaging was not performed for 102. Presenting absolute lymphocyte count was missing for 85 patients. Among the 936 patients followed 
through day 90: sex was missing for 1; race was missing for 38; ethnicity was missing for 27; year of most recent transplant was missing for 22; BMI was missing for 46; time period of 
diagnosis was missing for 107; chest imaging was missing or not performed for 95; and absolute lymphocyte count at presentation was missing for 80. Patient race and ethnicity were 
collected as distinct variables and reported by the contributor based on observations or documentation in the electronic medical record. Race and ethnicity were collected as part of the 
registry to characterize the study population.

Abbreviation: CNI, calcineurin inhibitor.
aAmong the 1117 patients followed through day 28: kidney includes 19 kidney–pancreas recipients; liver includes 34 liver–kidney recipients, 1 liver–pancreas–small bowel recipient, and 1 
liver–kidney–small bowel–stomach recipient; heart includes 15 heart–kidney recipients and 1 heart–kidney–small bowel recipient; lung includes 3 heart–lung, 1 lung–liver recipients, and 1 
lung–kidney–small bowel recipient; other includes 2 small bowel and 1 vascular composite allograft recipients. Among the 926 patients followed through day 90: kidney includes 15 kidney–
pancreas recipients; liver includes 23 liver–kidney recipients, 1 liver–pancreas–small bowel recipient, and 1 liver–pancreas–small bowel–stomach recipient; heart includes 14 heart–kidney 
recipients and 1 heart–kidney–small bowel recipient; lung includes 2 heart–lung recipients, 1 lung–liver recipient, and 1 lung–kidney–islet cell recipient.
bRecent intensive immunosuppression refers to agents with significant T-cell, B-cell, or immunoglobulin depleting activity given within the 3 months prior to severe acute respiratory syn-
drome coronavirus 2 diagnosis. For the 1117 patients followed through day 28, agents included antithymocyte globulin (n = 37); alemtuzumab (n = 2); basiliximab (n = 17); pulse steroids, 
defined as equivalent of ≥500 mg methylprednisolone for ≥3 days (n = 24); rituximab (n = 4); plasmapheresis (n = 1); and bortezomib (n = 1). Among the 936 patients followed through day 
90, agents included antithymocyte globulin (n = 34); alemtuzumab (n = 2); basiliximab (n = 17); pulse steroids, defined as equivalent of ≥500 mg methylprednisolone for ≥3 days (n = 21); 
rituximab (n = 4); plasmapheresis (n = 1); and bortezomib (n = 1).
cAbnormal chest imaging findings on X-ray or computed tomography included lobar consolidation, multifocal or patchy opacities, including ground glass, interstitial abnormalities, or other 
findings deemed clinically significant by the contributing provider.
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followed through death or day 90 were similar to those lost to 
follow-up (Supplementary Table 1, Supplementary Materials). 
Vital status at day 90 was available for 936 patients (190 who 
died within 28 days and 746 who survived beyond 28 days).

Calculated Mortality in the First 90 Days Following First Positive SARS-
CoV-2 Test

Among 936 hospitalized SOT recipients whose vital status at 
day 90 was confirmed, 246 (26.3%) died within the first 90 days 
following diagnosis. Fifty-six of 746 (7.5%) patients who sur-
vived to day 28 died by day 90. In a sensitivity analysis that in-
cluded the entire cohort of 1117 SOT recipients, the minimum 
possible mortality by 90 days was 22% and the maximum pos-
sible mortality was 38% (Table 2). Figure 1 shows unadjusted 
survival curves during the first 90 days following first posi-
tive SARS-CoV-2 test in all 1117 hospitalized SOT recipients 
(Figure 1A) and stratified by organ (Figure 1B) and time period 
of diagnosis (Figure 1C).

Of all 246 deaths within the first 90 days, 56 (23%) occurred 
beyond day 28 (Figure 2). Deaths after day 28 were more 
likely to occur in men (45 of 164, 27%) than in women (10 
of 81, 12%) and more likely to occur in patients diagnosed in 
late 2020 (32 of 87, 37%) than in patients diagnosed in early 
2020 (17 of 132, 13%; Supplementary Table 2, Supplementary 
Materials).

Risk Factors for Mortality Within 90 Days of First Positive SARS-CoV-2 Test

Older age, comorbidities (heart failure, chronic lung disease, 
and body mass index ≥30 kg/m2), lung transplant (vs nonlung 
transplant), and factors associated with severe disease at pre-
sentation (lymphopenia and abnormal chest imaging) were 
associated with increased mortality by 28 days and 90 days in 
univariable (Table 3) and multivariable Cox proportional haz-
ards models (Table 4). Compared with diagnosis in early 2020, 
diagnosis in late 2020 was associated with lower mortality at 28 
days (adjusted hazard ratio [aHR], 0.7; 95% confidence interval 
[CI], .5–1.0; P = .04) but not at 90 days (aHR, 0.9; 95% CI, .7–1.3; 
P = .61). Similarly, mammalian target of rapamycin (mTOR) in-
hibitor use was associated with significantly lower mortality by 
28 days (aHR, 0.3; 95% CI, .1–1.0; P = .05), but the association 
was weaker by 90 days (aHR, 0.5; 95% CI, .2–1.1; P = .07).

DISCUSSION

This large, multicenter study with standardized 90-day fol-
low-up identified the frequency of and risk factors for de-
layed mortality in SOT recipients hospitalized for COVID-19. 
Approximately 8% of patients who survived to day 28 following 
initial positive SARS-CoV-2 test died between days 29 and 
90, and more than 20% of deaths within the first 90 days oc-
curred beyond day 28. These data emphasize the importance of 

Table 2.  Mortality by 90 Days Following First Positive Severe Acute Respiratory Syndrome Coronavirus 2 Test in Solid Organ Transplant Recipients 
Hospitalized for Coronavirus Disease 2019

 Patients With Known Status Vital Status at Day 90 (n = 936) Entire Cohort (n = 1117) 

Day 0–28 190 (20.3%) 190 (17.0%)

Day 29–90 56 (6.0%) 56–237 (5.0%–21.2%)a

  �Overall mortality (day 0–90) 246 (26.3%) 246–427 (22.0%–38.0%)a

aRange includes the minimum and maximum possible value for mortality in the entire cohort. In sensitivity analysis, minimum mortality estimate assumes 0% mortality among patients lost 
to follow-up and the maximum mortality assumes 100% mortality among patients lost to follow-up.

Figure 1.  Unadjusted Kaplan-Meier survival curves in SOT recipients hospitalized for coronavirus disease 2019 (COVID-19). Unadjusted Kaplan-Meier survival curves for 
hospitalized SOT recipients (A) and stratified by organ (B) and time period of diagnosis: early 2020 (before 20 June 2020) and late 2020 (on or after 20 June 2020) (C). Gray 
shading represents 95% confidence intervals. Vertical marks represent patients censored at time of last live encounter. Abbreviations: SARS-CoV-2, severe acute respiratory 
syndrome coronavirus 2; SOT, solid organ transplant.
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extended follow-up in measurements of COVID-19–associated 
mortality.

Most large observational studies of SOT recipients with 
COVID-19 assessed mortality within 30 days of diagnosis, 
did not use a standardized follow-up period, or did not report 
median follow-up duration [4, 12, 13, 24]. Investigations with 
limited follow-up periods facilitated rapid reporting early in 
the pandemic, but mortality estimates based on short or vari-
able follow-up periods are challenging to interpret. In the ge-
neral population, 90-day mortality in patients hospitalized for 
COVID-19 ranges from 25% to 30%, with 15% to 25% of all 
deaths occurring after day 30 [8–11]. In a study of 1680 kidney 
transplant recipients (65% of whom were hospitalized), mor-
tality at day 90 was 21%, and 22% of all deaths occurred more 
than 30 days after diagnosis [25]. Another investigation of 707 
SOT recipients and 707 propensity-matched non-SOT controls 
hospitalized for COVID-19 followed patients for 60 days and 
found that 17% of all deaths occurred beyond day 30 in both 
SOT and non-SOT patients [26]. Likewise, in a randomized, 
controlled trial of baricitinib in the general population, 16% of 
all deaths occurred between 28 and 60 days after randomiza-
tion [27]. Findings from our study, which focused on recipients 

of any solid organ who required hospitalization for COVID-19, 
highlight the significant proportion of patients who die beyond 
the initial month of observation.

The relatively high proportion of deaths after day 28 in both 
SOT and non-SOT populations may reflect unique aspects of 
COVID-19. Compared with patients hospitalized with influ-
enza, patients hospitalized with COVID-19 have significantly 
longer lengths of stay and are more likely to develop compli-
cations of prolonged illness such as catheter-related infections, 
pressure ulcers, and venous thromboemboli [28, 29]. Thus, 
fatal and nonfatal sequelae of COVID-19 may manifest rela-
tively late, and prolonged follow-up may be more important in 
COVID-19–focused studies compared with investigations of 
other infections.

Most comorbidities identified as risk factors for mortality 
during the first 28 days were also risk factors for death by 90 days. 
Diagnosis during late 2020 was associated with lower mortality by 
day 28 but not by day 90. Such temporal trends could suggest that 
advances in the care of COVID-19 patients only delay mortality 
by a matter of days to weeks, although changes in COVID-19 
management cannot be causally linked to lower 28-day mortality. 
Notably, loss to follow-up after day 28 was more common during 

Figure 2.  Proportion of deaths before and after day 28 in solid organ transplant (SOT) recipients hospitalized for coronavirus disease 2019 (COVID-19). Covariates of interest 
(total number of deaths between days 0 and 90) and proportion of deaths that occurred between days 0 and 28 (gray) and days 29 and 90 (black) in SOT recipients hospitalized 
for COVID-19. Abbreviations: BMI, body mass index; mTOR, mammalian target of rapamycin.
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early 2020 than late 2020, and failure to capture late deaths in 
patients diagnosed during the early period may have led to the 
apparent elevation in mortality in the late period.

Critically ill SOT recipients may be less likely to receive re-
commendations for comfort-focused treatment as a result of 
the transplant process’ emphasis on recipient survival, poten-
tially delaying mortality compared with non-SOT patients [14, 
30–32]. Our findings, in conjunction with those from previous 

reports, suggest that the delayed mortality in patients hos-
pitalized for COVID-19 is comparable in SOT and non-SOT 
populations [8–11, 25, 26]. The impact of transplant status on 
decisions regarding life-sustaining treatments is most pro-
nounced early after transplant [31]. Most patients in this study 
underwent transplant more than 2 years before SARS-CoV-2 
diagnosis, which may have limited detection of any associations 
between transplant status and time to death.

Table 4.  Risk Factors for Mortality by Day 28 and Day 90 in Solid Organ Transplant Recipients Hospitalized for Coronavirus Disease 2019, Multivariable 
Cox Proportional Hazards (N = 1117)

Covariate Mortality by 28 Days Mortality by 90 Days 

Adjusted Hazard Ratio (95% Confidence Interval), P Value

Age >65 years 1.8 (1.3–2.6), <.001 1.8 (1.3–2.4), <.001

Lung transplant (vs nonlung transplant) 1.8 (1.1–2.8), .02 1.5 (1.0–2.3), .05

Comorbidities a

 � Diabetes mellitus 1.2 (.8–1.7), .34 1.3 (1.0–1.8), .09

 � Heart failure 1.9 (1.2–3.1), .01 1.9 (1.2–2.9), .006

 � Chronic lung disease 2.4 (1.5–3.7), <.001 2.3 (1.5–3.6), <.001

 � Body mass index ≥30 kg/m2 1.6 (1.1–2.2), .01 1.5 (1.1–2.0), .02

Baseline mammalian target of rapamycin inhibitor use 0.3 (.1–1.0), .05 0.5 (.2–1.1), .07

Late 2020 (on or after 20 June 2020) 0.7 (.5–1.0), .04 0.9 (.7–1.3), .61

Lymphopenia (absolute lymphocyte count <0.5 × 109/L) at presentation 1.8 (1.3–2.6), <.001 1.8 (1.3–2.4), <.001

Abnormal chest imaging at presentation 2.9 (1.5–5.5), .002 2.7 (1.6–4.7), <.001

Statistically significant values (P ≤ .05) are shown in bold.

Table 3.  Risk Factors for Mortality by Day 28 and Day 90 in Solid Organ Transplant Recipients Hospitalized for Coronavirus Disease 2019, Univariable Cox 
Proportional Hazards (N = 1117)

Covariate Mortality by Day 28 Mortality by Day 90 

Hazard Ratio (95% Confidence Interval), P Value

Men 1.0 (.76–1.4), .91 1.2 (.9–1.6), .12

Age >65 years 2.1 (1.6–2.7), <.001 2.0 (1.6–2.6), <.001

Transplant within 2 years 0.76 (.55–1.0), .09 1.0 (.7–1.3), .81

Lung transplant (vs nonlung) 1.5 (1.0–2.2), .047 1.4 (1.0–1.9), .10

Comorbidities

 � Hypertension 1.3 (.9–1.9), .14 1.4 (1.0–1.9), .04

 � Diabetes mellitus 1.6 (1.2–2.2), .01 1.6 (1.3–2.1), <.001

 � Body mass index ≥30 kg/m2 1.5 (1.1–2.0), .01 1.3 (1.0–1.7), .06

 � Chronic kidney disease/end stage renal disease 1.3 (.98–1.8), .06 1.2 (.9–1.5), .24

 � Heart failure 2.8 (1.8–4.2), <.001 2.5 (1.7–3.6), <.001

 � Chronic lung disease 3.4 (2.3–4.9), <.001 2.9 (2.0–4.2), <.001

 Baseline immunosuppression

 � Any CNI 1.1 (.6–1.8), .76 1.0 (.65–1.6), .96

 � Any antimetabolite 0.87(.6–1.2), .40 0.9 (.7–1.2), .56

 � Any corticosteroid 1.1 (.8–1.5), .58 1.1 (.8–1.4), .64

 � CNI, ant-metabolite, steroids 0.98 (.7–1.3), .87 1.0 (.8–1.2), .75

 � Any mammalian target of rapamycin inhibitor 0.3 (.1–.9), .03 0.4 (.2–.9), .03

 � Recent intensive immunosuppression 0.5 (.2–1.1), .09 0.9 (.5–1.5), .65

Time period of diagnosis

 � Late 2020 (on or after 20 June 2020) 0.7 (.5–.9), .01 0.9 (.7–1.1), .29

Markers of illness severity at presentation

 � Abnormal chest imaging 3.5 (1.9–6.4), <.001 3.4 (2.0–5.8), <.001

 � Lymphopenia (absolute lymphocyte count <0.5 × 109/L) 1.8 (1.3–2.4), <.001 1.8 (1.4–2.4), <.001

Abbreviation: CNI, calcineurin inhibitor. 

Statistically significant values (P ≤ .05) are shown in bold.
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The reduced mortality seen in SOT recipients taking mTOR 
inhibitors prior to SARS-CoV-2 infection is intriguing. 
Multiple potential advantageous mechanisms of mTOR inhi-
bition in COVID-19 have been proposed, including direct in-
hibition of viral replication and mitigation of cytokine release 
[33]. However, these mechanisms are speculative and not nec-
essarily indicative of clinical benefits. Observational data from 
this study’s populations, among whom mTOR inhibitor use was 
sparse, need to be interpreted with caution.

This study’s size, inclusion of both kidney and nonkidney 
SOT recipients from multiple centers, and standardized fol-
low-up duration are important strengths of this investigation. 
However, we acknowledge several potential limitations. Twenty 
percent of patients who survived to day 28 were lost to fol-
low-up prior to day 90. Because loss to follow-up beyond day 
28 may preclude capture of later deaths (or documentation of 
prolonged survival), any major differences in loss to follow-up 
by covariate category pose a potential threat to the accuracy 
of reported associations. Importantly, prevalence of older age 
and comorbidities, the strongest predictors of death in all sub-
groups at both 28 and 90 days, were similar between patients 
lost to follow-up and those followed through death or day 90. 
Thus, loss to follow-up was unlikely to have had major effects 
on the results of multivariable analyses. This study took place 
prior to the advent of SARS-CoV-2 vaccines, which dramati-
cally reduce mortality from COVID-19 in SOT recipients and 
the general population [34–37]. Nonetheless, findings from this 
study remain relevant as serious infections despite vaccination 
may occur in SOT recipients, and emergence of SARS-CoV-2 
variants that escape vaccine-induced immunity is an ongoing 
concern [38, 39]. We were unable to capture granular data on 
management strategies and indications for hospitalization 
among participating centers. Despite potential limitations of 
heterogeneity in COVID-19 management, the multicenter na-
ture of the study provides a valuable summary of COVID-19 
mortality in a broad range of clinical contexts. Additional re-
strictions to the study design, which was intended to rapidly 
collect data in a high-risk population during a worldwide pan-
demic, have been described elsewhere [12, 16, 17].

In this large multicenter study of SOT recipients hospital-
ized for COVID-19, a substantial proportion of deaths in the 
first 90 days following SARS-CoV-2 diagnosis occurred after 
the 28-day follow-up period that is frequently used when as-
sessing mortality. Older age, comorbidities, and lung trans-
plantation remained important predictors of both 28-day and 
90-day mortality. Future investigations focusing on COVID-19 
mortality should consider extending follow-up duration to 90 
days for more accurate capture of mortality and associated risk 
factors.
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