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Coronavirus disease- 19 has had a marked impact on the transplant population and 
processes of care for transplant centers and organ allocation. Several single- center 
studies have reported successful utilization of deceased donors with positive severe 
acute respiratory syndrome coronavirus 2 (SARS- CoV- 2) tests. Our aims were to char-
acterize testing, organ utilization, and transplant outcomes with donor SARS- CoV- 2 
status in the United States. We used Scientific Registry of Transplant Recipients data 
from March 12, 2020 to August 31, 2021 including a custom file with SARS- CoV- 2 
testing data. There were 35 347 donor specimen SARS- CoV- 2 tests, 77.5% upper 
respiratory samples, 94.6% polymerase chain reaction tests, and 1.2% SARS- CoV- 2– 
positive tests. Donor age, gender, history of hypertension, and diabetes were similar 
by SARS- CoV- 2 status, while positive SARS- CoV- 2 donors were more likely African- 
American, Hispanic, and donors after cardiac death (p- values <.01). Recipient de-
mographic characteristics were similar by donor SARS CoV- 2 status. Adjusted donor 
kidney discard (odds ratio = 2.08, 95% confidence interval [CI] 1.66– 2.61) was higher 
for SARS- CoV- 2– positive donors while donor liver (odds ratio = 0.44, 95% CI 0.33– 
0.60) and heart recovery (odds ratio = 0.44, 95% CI 0.31– 0.63) were significantly re-
duced. Overall post- transplant graft survival for kidney, liver, and heart recipients was 
comparable by donor SARS- CoV- 2 status. Cumulatively, there has been significantly 
lower utilization of SARS- CoV- 2 donors with no evidence of reduced recipient graft 
survival with variations in practice over time.
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1  |  INTRODUCTION

The transplant population has been disproportionally affected by 
the coronavirus disease- 19 (COVID- 19) pandemic. Transplant can-
didates and recipients have had higher rates of COVID- 19 mortal-
ity than the general population and are particularly vulnerable to 
COVID- 19 infection.1– 5 In addition to the direct effects of COVID- 19 
on the transplant patient population, processes of care for organ 
donation and allocation of donor organs have also been impacted.6 
Early access to testing and logistical impediments had adverse ef-
fect on identifying potential deceased donors that may have been 
affected by SARS- CoV- 2. With the exception of lung transplanta-
tion, the mechanisms of potential transmission of infection by organ 
donation have remained theoretical.7– 9 Due to ongoing uncertainties 
regarding the relative risks of transplantation with donors with prior 
or active infections, evidence for the safe use of organs from SARS- 
CoV- 2– positive donors has emerged slowly with small case series 
from individual centers.8,10– 16 Although early results appear prom-
ising, best practices for utilization of positive SARS- CoV- 2 donors 
remain unclear.7– 9,11,17– 19

In the current study, our aims were to characterize processes 
of care and outcomes associated with SARS- CoV- 2 donation and 
transplantation in the United States. We sought to evaluate the in-
cidence and type of SARS- CoV- 2 testing over time. In addition, we 
intended to evaluate the utilization of donor organs with positive 
SARS- CoV- 2 tests and deceased donor and recipient characteristics 
associated with SARS- CoV- 2 status. Finally, we evaluated outcomes 
of recipients based on presence of donor SARS- CoV- 2 testing and 
variation in procurement of positive SARS- CoV- 2 donor organs by 
Organ Procurement Organizations (OPOs).

2  | METHODS

This study used data from the Scientific Registry of Transplant 
Recipients (SRTR). The SRTR data system includes data on all do-
nors, wait- listed candidates, and transplant recipients in the United 
States, submitted by the members of the Organ Procurement 
and Transplantation Network (OPTN). The Health Resources and 
Services Administration (HRSA), US Department of Health and 
Human Services provides oversight to the activities of the OPTN 
and SRTR contractors. The data reported here have been supplied 
by the Hennepin Healthcare Research Institute (HHRI) as the con-
tractor for the SRTR. The interpretation and reporting of these 
data are the responsibility of the authors and in no way should be 
seen as an official policy of or interpretation by the SRTR or the US 
Government.

In addition to the Standard Analytic Files (SAFs) from the SRTR, 
we obtained a custom file including documentation of testing for 
SARS- CoV- 2. These data include the source of testing (specimen 
type), mode of testing and result of SARS- CoV- 2 testing. These 
data were merged by donor identifiers with the SAFs including all 
deceased donors with organs procured for transplantation and 

transplant recipient data. These files contain all documented posi-
tive and negative test results, which may include multiple tests per 
donors. We considered donors SARS- CoV- 2– positive if any speci-
mens had a positive test, although some may have had subsequent 
negative tests. However, we also analyzed results based on the 
most proximate test to the date of donation, which included cases in 
which donors were initially tested as positive, but subsequent test(s) 
were negative. For clarity in the results, we designated donors as 
final SARS- CoV- 2– positive (F- POS), which indicates the final test 
remained positive, and previously positive (P- POS), which indicates 
that the donor had positive test(s), but the final test was negative. 
To evaluate trends in specimens tested, we divided the study period 
into six 3- month periods. Specimen types were available as upper 
respiratory, lower respiratory, blood or other, which we grouped to 
upper and lower respiratory and other. Testing method was avail-
able as antibody (IgG/IgM/IgA), antigen, nucleic acid detection (e.g., 
real- time RT- PCR) and other. The vast majority of tests were nucleic 
acid detection as we further categorized as nucleic acid detection 
or other.

We used chi- square tests to evaluate the association of cat-
egorical variables. We used multivariable logistic models adjusted 
for donor characteristics to assess the associations of SARS- CoV- 2 
status with organ recovery and discard. For the model for organ 
discard, only organs recovered were included. Donors that had a 
disposition of no authorization obtained or attempted or organs pro-
cured for reasons other than transplantation were excluded from the 
analyses. We used Kaplan– Meier plots and log- rank tests to com-
pare time with overall graft survival (graft loss or death) associated 
with SARS- CoV- 2 donor status censored at last follow- up time. In 
addition, we used Cox proportional hazard models to evaluate the 
association of SARS- CoV- 2 donor status adjusted for select charac-
teristics including recipient and donor age and primary diagnosis by 
organ type. Based on the relatively low number of events in the pos-
itive SARS- CoV- 2 status group we were not able to adjust for other 
potential confounding factors. All analyses were conducted in SAS 
(v.9.4). The study was approved by the Cleveland Clinic Institutional 
Review Board.

3  |  RESULTS

There were 35 547 total specimen test results available from the in-
fectious disease file. Information regarding the specimens included 
the source of specimens, testing method, and SARS- CoV- 2 status. As 
depicted in Table 1, specimen results increased over the study pe-
riod. The majority of specimens derived from upper respiratory sites. 
However, the proportion of specimens derived from lower respira-
tory sites increased over the study period (11.5% between March 
2020 and May 2020 to 32.1% between June 2021 and August 2021). 
The primary method of testing was nucleic acid PCR (94.6%), which 
was consistent over the study period. Positive SARS CoV- 2 test re-
sults increased over the study period to 2.2% in the latest period and 
an overall proportion of 1.2%.
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The disposition of organs that were not recovered, recovered 
but discarded and transplanted are displayed in Table 2. These data 
include whether donor organs had a positive SARS- CoV- 2 on final 
result (F- POS), were positive at least once but negative on the final 
result (previously positive, P- POS) or negative on each test. Data 
for SARS- CoV- 2 status for organs other than kidney, liver, and heart 
were limited and excluded from the table. These included 263 in-
testine of which 262 were not recovered and 1 transplanted, 157 
double lungs of which 147 were not recovered, 2 discarded and 8 
transplanted, 167 single lungs of which 165 were not recovered and 
2 transplanted and 251 pancreas with 2 discarded and 16 trans-
planted. Among all donors, 95.5% had kidneys recovered, and the 
proportion of recoveries was not statistically different by SARS- 
CoV- 2 status. Among recovered kidneys, discard rates of right kid-
neys were significantly higher for positive SARS- CoV- 2 compared 
with right kidneys with all negative test(s) (30.2% vs. 21.1%, p < .01) 
as well as for right kidneys with final test positive (F- POS) compared 
right kidneys with all negative test(s) (37.7% vs. 21.1%, p < .01). This 
pattern was consistent for left kidneys with highest discard rates 
for F- POS SARS- CoV- 2 kidneys (30.4%), lower for P- POS donor 
kidneys (25.1%) and lowest for all negative test(s) (19.8%). Liver re-
coveries were significantly lower among F- POS donors (47.8%) and 
P- POS donors (36.1%) compared with livers with all negative test(s) 
(24.4%, p < .01). There was no significant increase in discard rates 
among recovered livers associated with SARS- CoV- 2 status. Donor 
heart non- recoveries were significantly higher among F- POS donors 
(87.0%) and F- POS donors (72.0%) compared with donors with all 
negative test(s) (65.3%, p < .01).

There were 19 280 deceased donors in the study period. Of 
those, 2405 did not have data in the infectious disease file and 
were excluded from the analyses. Donor characteristics by SARS- 
CoV- 2 status are displayed in Table 3. Donor age, gender, history 
of hypertension, history of diabetes, high terminal creatinine, cause 
of death, cytomegalovirus and hepatitis status, and overall kidney 
donor profile index group were not statistically significantly differ-
ent by SARS- CoV- 2 status. There was a statistically significant as-
sociation of SARS- CoV- 2 status and race/ethnicity and donors after 
brain and cardiac death. The adjusted odds ratio (AOR) of a donor 
with positive SARS- CoV- 2 status was 1.67 (95% confidence inter-
val [CI] 1.20– 2.32) among Black donors and 2.15 (95% CI 1.57– 2.93) 
among Hispanic donors relative to White donors. In addition, posi-
tive SARS- CoV- 2 status was associated with higher AOR for donors 
after cardiac death (1.50, 95% CI 1.16– 1.94) relative to donors after 
brain death.

The AOR of organ recovery was not significantly associ-
ated with SARS- CoV- 2 status for kidneys, but positive donor 
SARS- CoV- 2 livers (AOR = 0.44, 95% CI 0.33– 0.60) and hearts 
(AOR = 0.44, 95% CI 0.31– 0.63) were less likely to be recov-
ered, Table 4. Among organs recovered, kidneys with positive 
SARS- CoV- 2 status were significantly more likely to be discarded 
(AOR = 2.08, 95% CI 1.66– 2.61). There was no statistically sig-
nificant association of SARS- CoV- 2 status with liver discard. The 
number of hearts discarded was too low to estimate the adjusted TA
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likelihood of discard with SARS- CoV- 2 status. The full models are 
displayed in Tables S1– S5. In addition, we replicated models limit-
ing the definition of positive SARS- CoV- 2 donor organ to the last 
test result (F- POS). As displayed in Table 5, the statistical signif-
icance of each model was consistent, but the specific estimated 
odds of recovery and discard were different. These results indi-
cated a higher estimated likelihood of discard for kidneys and liv-
ers and a lower likelihood of recovery for kidneys, livers and hearts 
for F- POS donors relative to P- POS donors. Table 6 described the 
proportion of organs that were recovered and discarded stratified 
over the study period by SARS- CoV- 2 status. As indicated, kidney 
discard rates among donors with positive SARS- CoV- 2 status de-
clined over the study period but were still higher than for SARS- 
CoV- 2- negative donors. Recovery rates for donor livers and hearts 
were lower for positive SARS- CoV- 2– positive donors in the later 
study period.

Table 7 displays the demographic characteristics of kidney, liver, 
and heart transplant recipients with donor SARS- CoV- 2 status. There 
was no statistically significant association of recipient age, gender, or 
race/ethnicity with donor SARS- CoV- 2 status for each of the organ 
transplant groups. Cold ischemia time was significantly longer for 
positive donor SARS- CoV- 2 compared with negative donor SARS- 
CoV- 2 kidney transplants (mean = 19.5 h vs. 18.2 h, p = .006). Cold 
ischemia time was not statistically significantly different for positive 
donor SARS- CoV- 2 compared with negative donor SARS- CoV- 2 liver 
transplants (mean = 6.2 h vs. 6.1 h, p = .62). There was an increased 
use of thymoglobulin reported among kidney recipients (71.2% vs. 
65.4%, p = .02) with SARS- CoV- 2– positive donors but no significant 
difference in use of any induction medication among liver (p = .77) or 
heart recipients (p = .83). Table 8 displays the number of transplants 
by organ and donor SARS- CoV- 2 status over time. As indicated the 

number and proportion of positive donor SARS- CoV- 2 status trans-
plants increased within each organ transplant type.

The 6- month overall graft survival for kidney transplant recip-
ients by SARS- CoV- 2 status is displayed in Figure 1. The 6- month 
overall graft survival for kidney transplant recipients was compara-
ble (95.5% for recipients of SARS- CoV- 2– positive donor kidneys and 
95.3% for recipients of SARS- CoV- 2- negative donor kidneys, log- 
rank p- value = .70). Delayed graft function rates were also similar 
for both donors after brain death (19.4% vs. 21.1% for SARS- CoV- 
2– positive and negative, respectively, p = .18) and donors after car-
diac death (34.5% vs. 39.3% for SARS- CoV- 2– positive and negative, 
respectively, p = .29). Similarly, liver (Figure 2) and heart (Figure 3) 
overall graft survival was comparable for recipients by donor SARS- 
CoV- 2 status. Graft survival was also similar based on donor organs 
that were SARS- CoV- 2 positive on the final test (F- POS). There were 
86 kidney transplant recipients of F- POS SARS- CoV- 2 donors with 
0 graft losses at 6 months (log- rank p- value = .14), 32 liver recipients 
with 1 graft loss at 6 months (log- rank p- value = .78), there were 
not sufficient follow- ups for the nine heart recipients at the end 
of the study period. Multivariable Cox proportional hazard results, 
adjusted for donor and recipient age and primary diagnosis, indi-
cated no association of donor SARS- CoV- 2 status with overall graft 
survival. For kidney recipients, the adjusted hazard for graft loss 
for positive SARS- CoV- 2 status donors, relative to negative SARS- 
CoV- 2 donors, was 0.91 (0.49– 1.69), for liver recipients, the adjusted 
hazard for graft loss was 0.58 (0.22– 1.56) and heart recipients 0.55 
(0.14– 2.19).

COVID- causes of death were coded during the study period 
for transplant recipients. Among kidney transplant recipients, 1.3% 
(n = 353) had a COVID cause of death from COVID- negative donors 
with no cases reported for recipients of COVID- positive donors. 

TA B L E  2  Organ disposition of donors by SARS- CoV- 2 status

Organ (row %)a SARS- CoV- 2 status Not recovered
Recovered for transplant 
but not transplanted Transplanted Total (n)

Right kidney Final test positive (F- POS) 2 (2.9%) 26 (37.7%)b 41 (59.4%) 69

Previously positive (P- POS)c 8 (4.0%) 55 (27.6%)b 136 (68.3%) 199

All test(s) negative 715 (4.5%) 3345 (21.1%)b 11 797 (74.4%) 15 867

Left kidney Final test positive (F- POS) 3 (4.4%) 21 (30.4%)b 45 (65.2%) 69

Previously positive (P- POS)c 8 (4.0%) 50 (25.1%)b 141 (70.9%) 199

All test(s) negative 727 (4.5%) 3139 (19.8%)b 11 992 (75.6%) 15 858

Liver Final test positive (F- POS) 33 (47.8%) 4 (5.8%) 32 (46.4%) 69

Previously positive (P- POS)c 70 (36.1%) 8 (4.1%) 116 (59.8%) 194

All test(s) negative 3816 (24.4%)c 1121 (7.2%) 10 678 (68.4%) 15 615

Heart Final test positive (F- POS) 60 (87.0%) 0 (0%) 9 (13.0%) 69

Previously positive (P- POS)c 136 (72.0%) 0 (0%) 53 (28.0%) 189

All test(s) negative 9209 (65.3%)c 47 (0.3%) 4857 (34.4%) 14 113

Abbreviation: SARS- CoV- 2, severe acute respiratory syndrome coronavirus 2.
aSample size for other organs (lung, pancreas, liver segment, intestine, en- bloc kidneys) all <10 for positive SARS- CoV- 2 status and excluded from 
table; dispositions of no authorization requested or obtained and recovered not for transplant excluded from analysis.
bp- value <.05 for association of recovery or discard with SARS- CoV- 2 status.
cP- POS— former positive SARS- CoV- 2 test, but final test negative.
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TA B L E  3  Donor characteristics of donors with organs procured for transplantation

Donor characteristic

Donor CoV- 2 status

Adjusted likelihood of positive 
CoV- 2 status (95% CI) p- valuebLevel

Negativea 
(n = 16 591)

Positive 
(n = 284) p- valuea

Age 0– 17 1076 (6.5%) 19 (6.7%) .16 1.24 (0.67– 2.32) .30

18– 39 6193 (37.3%) 104 (36.6%) 1.36 (0.87– 2.12)

40– 49 3179 (19.2%) 57 (20.1%) 1.44 (0.92– 2.27)

50– 59 3612 (21.8%) 74 (26.1%) 1.60 (1.04– 2.47)

60+ 2531 (15.3%) 30 (10.6%) Reference

Gender Female 6273 (37.8%) 101 (35.6%) .44 0.98 (0.76– 1.26) .88

Male 10 318 (62.2%) 183 (64.4%) Reference

Race/ethnicity Black 2565 (15.5%) 52 (18.3%) <.001 1.67 (1.20– 2.32) <.001

Hispanic 2353 (14.2%) 63 (22.2%) 2.15 (1.57– 2.93)

White 11 018 (66.4%) 154 (54.2%) Reference

Other 655 (4.0%) 15 (5.3%) 1.83 (1.06– 3.16)

History of hypertension No 10 530 (63.5%) 180 (63.4%) .98 Reference .96

Yes 6061 (36.5%) 104 (36.6%) 0.99 (0.74– 1.33)

History of diabetes No 14 391 (86.7%) 242 (85.2%) .45 Reference .50

Yes 2200 (13.3%) 42 (14.8%) 1.13 (0.79– 1.62)

Donor type DBD 12 069 (72.7%) 184 (64.8%) .003 Reference .002

DCD 4522 (27.3%) 100 (35.2%) 1.50 (1.16– 1.94)

Terminal creatinine >1.5 mg/dl No 11 510 (69.4%) 209 (73.6%) .13 Reference .17

Yes 5081 (30.6%) 75 (26.4%) 0.82 (0.62– 1.09)

Cause of death: stroke No 12 511 (75.4%) 214 (75.4%) .98 Reference .91

Yes 4080 (24.6%) 70 (24.7%) 0.98 (0.73– 1.32)

Donor CMV+ No 6294 (37.9%) 118 (41.6%) .21 Reference .05

Yes 10 297 (62.1%) 166 (58.5%) 0.78 (0.61– 1.00)

Donor hepatitis- C+ No 14 828 (89.4%) 261 (91.9%) .17 Reference .36

Yes 1763 (10.6%) 23 (8.1%) 0.82 (0.53– 1.26)

KDPI (%)a 0– 35 1562 (10.4%) 29 (12.4%) .31 Not included in multivariable 
modela36– 84 7655 (51.0%) 125 (53.4%)

85+ 5809 (38.7%) 80 (34.2%)

Abbreviation: CI, confidence interval; CMV, cytomegalovirus; KDPI, kidney donor profile index. 
aNegative includes ‘indeterminate’ and ‘pending’ values; one or more missing variables for KDPI calculation missing and not included; chi- square test 
p- value.
bType- III p- value for association of donor characteristic with CoV- 2 status.

Outcome measure

Organ

Kidney Liver Heart

Adjusted odds ratio for recovery of 
SARS- CoV- 2– positive donorsa

1.10 (0.68– 1.76) 0.44 (0.33– 0.60) 0.44 (0.31– 0.63)

Adjusted odds ratio for discard for 
SARS- CoV- 2– positive donorsa

2.08 (1.66– 2.61) 1.01 (0.55– 1.86) b

Abbreviation: SARS- CoV- 2, severe acute respiratory syndrome coronavirus 2.
aDonors defined as any positive CoV- 2 test, full models displayed in Tables S1– S5.
bNumber of discard events too low to estimate adjusted likelihood.

TA B L E  4  Multivariable logistic model 
for odds of donor organ recovery and 
discard by CoV2- status (any SARS- CoV- 2– 
positive test considered positive)
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Similarly for liver recipients, 1.3% (n = 147) had a COVID cause of 
death from COVID- negative donors with no reported cases among 
recipients of COVID- positive donors. For heart recipients, 1.3% 
(n = 62) had a COVID cause of death while no recipients of a COVID- 
positive donor had a COVID cause of death.

There was wide variation of positive SARS- CoV- 2 kidney donors 
procured for transplantation by OPO, Figure 4. Among the 58 OPOs 
in the study period, 9 (15.5%) had no SARS- CoV- 2– positive donors, 
the median proportion of positive SARS- CoV- 2 donors was 1.4% and 
the maximum proportion of positive SARS- CoV- 2 donors was 8.0%. 
Also depicted in Figure 4, the cumulative number of positive donors 
was skewed such that two OPOs had significantly higher propor-
tions of positive donors and over half of the positive donors were 
from 13 OPOs. Of the 231 kidney transplant centers performing at 
least one transplant in the study period, the majority 136 (59%) did 
not transplant any donor kidneys with a prior positive SARS- CoV- 2 

test. Of those centers that did perform a transplant with a donor 
kidney with a prior positive SARS- CoV- 2– positive test, the median 
percentage of SARS- CoV- 2– positive donor transplants was 2.0% 
with range from 0.3% to 17.4% of kidney transplant volume.

4  | DISCUSSION

There are several principal findings of our current study charac-
terizing SARS- CoV- 2 testing and outcomes in the United States. 
Processes of testing changed over the course of the COVID- 19 pan-
demic including an increased in testing, greater utilization of lower 
respiratory samples and an increased incidence of positive SARS- 
CoV- 2 donors. Importantly, SARS- CoV- 2– positive donor kidneys 
had a twofold increase in adjusted discard rates and SARS- CoV- 2– 
positive donor liver and hearts were half as likely to be recovered 

Outcome measure

Organ

Kidney Liver Heart

Adjusted odds ratio for the recovery 
of SARS- CoV- 2– positive donorsa

0.66 (0.25– 1.71) 0.40 (0.22– 0.71) 0.16 (0.07– 0.36)

Adjusted odds ratio for discard for 
SARS- CoV- 2– positive donorsa

3.33 (2.21– 5.02) 1.55 (0.52– 4.59) b

Abbreviation: SARS- CoV- 2, severe acute respiratory syndrome coronavirus 2.
aDonors defined as final positive SARS- CoV- 2 test (F- POS).
bNumber of discard events too low to estimate adjusted odds ratio.

TA B L E  5  Multivariable logistic model 
for odds of donor organ recovery and 
discard by CoV2- status (only final SARS- 
CoV- 2– positive tests [F- POS] considered 
positive)

TA B L E  6  Proportion of organ recovery and discard by study period

Organ recovery

Organ SARS- CoV- 2 donor status

Study period

March 2020– November 2020 December 2020– August 2021

Kidney Negative 12 730 (95.4%) 18 092 (95.5%)

Positive 38 (94.7%) 496 (96.2%)

Liver Negative 6280 (77.5%) 9319 (74.3%)*

Positive 20 (60%) 242 (60.7%)*

Heart Negative 5755 (35.7%) 8340 (34.4%)*

Positive 18 (44.4%) 239 (22.6%)*

Organ discard

Organ SARS- CoV- 2 donor status

Study period (n, [% discard])

March 2020– November 2020 December 2020– August 2021

Kidney Negative 12 143 (19.7%)* 18 092 (22.6%)*

Positive 36 (44.4%)* 477 (28.3%)*

Liver Negative 4865 (9.2%) 6922 (9.7%)

Positive 12 (8.3%) 147 (7.5%)

Heart Negative 2054 (0.9%) 2845 (1.0%)

Positive 8 (0%) 54 (0%)

Abbreviation: SARS- CoV- 2, severe acute respiratory syndrome coronavirus 2.
*p < .05 for chi- square test for the association of proportion of recovery and discard by SARS- CoV- 2 status within each era.
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for transplantation. Finally, recipient outcomes with donors with 
positive SARS- CoV- 2 tests had comparable outcomes as organs with 
negative SARS- CoV- 2 tests. Cumulatively, the study demonstrates 
that practice patterns changed regarding testing donor organs for 
SARS- CoV- 2, but there has been significantly reduced utilization of 
these organs for transplant relative to SARS- CoV- 2- negative donors. 
Coupled with early results suggesting similar graft survival among 
recipients of positive SARS- CoV- 2 donor organs, results suggest 
these organs are an important potential donor source and likely ben-
eficial to patients relative to remaining on the transplant waiting list.

One of the primary findings from the study was that recipient 
outcomes with use of SARS- CoV- 2– positive donor organs are simi-
lar to outcomes with negative testing. These data complement prior 
smaller single- center reports and case series and may provide assur-
ance that, at least short- term outcomes are not compromised by use 

of these organs.7– 11,13,20,21 In the context of kidney transplantation, 
the current study indicated no difference in rates of delayed graft 
function or 6- month graft survival and the characteristics of recipi-
ents was similar between negative and positive SARS- CoV- 2 status 
donors. Similarly for liver and transplant recipients, both general 
characteristics of recipients and 6- month graft survival were simi-
lar by SARS- CoV- 2 status donors. These results were consistent for 
the subset of donors with final SARS- CoV- 2– positive tests, rather 
than donors with prior positive tests may have resolved. Although 
the number of transplants reported from positive SARS- CoV- 2 do-
nors was relatively small, there is no evidence in additional risk to 
allograft survival.

Interestingly, the characteristics of deceased donors with posi-
tive and negative SARS- CoV- 2 testing was generally similar. These 
findings provide further assurance that outcomes were not affected 

TABLE  7 Transplant recipient characteristics by donor organ CoV- 2 status

Organ type Recipient characteristic

Donor CoV- 2 status

p- valueLevel Negativea (n = 16 591) Positive (n = 284)

Kidneya Age 0– 39 4673 (20.3%) 80 (22.7%) .55

40– 54 6654 (28.9%) 99 (28.1%)

55– 64 6449 (28.0%) 102 (28.9%)

65+ 5283 (22.9%) 72 (20.4%)

Gender Female 9097 (39.5%) 130 (36.8%) .32

Male 13 962 (60.6%) 223 (63.2%)

Race/ethnicity Black 7587 (28.6%) 101 (28.6%) .29

Hispanic 4422 (19.2%) 75 (21.3%)

White 8769 (38.0%) 136 (38.5%)

Other 2281 (9.9%) 41 (11.6%)

Livera Age 0– 39 1923 (17.7%) 30 (20.4%) .50

40– 54 2945 (27.1%) 37(25.2%)

55– 64 3632 (33.4%) 54 (36.7%)

65+ 2360 (21.7%) 26 (17.7%)

Gender Female 4050 (37.3%) 47 (32.0%) .19

Male 6810 (62.7%) 100 (68.0%)

Race/ethnicity Black/otherb 926 (14.4%) 19 (12.9%) .59

Hispanic 1827 (16.8%) 30 (20.4%)

White 7467 (68.8%) 98 (66.7%)

Hearta Age 0– 39 1270 (26.5%) 17 (27.4%) .93

40– 54 1116 (23.3%) 15 (24.2%)

55– 64 1496 (31.3%) 17 (27.4%)

65+ 903 (18.9%) 13 (21.0%)

Gender Female 1357 (28.4%) 17 (27.4%) .87

Male 3428 (71.6%) 45 (72.6%)

Race/ethnicity Black/otherb 1453 (30.4%) 19 (30.7%) .34

Hispanic 517 (10.8%) 11 (17.7%)

White 2815 (58.8%) 32 (51.6%)

aSolitary transplants (kidney- pancreas transplants excluded).
bSample size too small to report Black and other race separately for CoV- 2- positive donors.
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TA B L E  8  Number and proportion of transplants by donor SARS- CoV- 2 status

Study quarter

Organ

Kidney Liver Heart

SARS- CoV- 2 
negative

SARS- CoV- 2 
positive (%)

SARS- CoV- 2 
negative

SARS- CoV- 2– 
positive (%)

SARS- CoV- 2 
negative

SARS- CoV- 2 
positive (%)

March 2020– May 2020 1393 0 (0%) 704 0 (0%) 299 0 (0%)

June 2020– August 2020 3687 5 (0.1%) 1752 4 (0.2%) 808 3 (0.4%)

September 2020– November 2020 4323 16 (0.4%) 2045 7 (0.3%) 895 5 (0.6%)

December 2020– February 2021 4058 37 (0.9%) 1913 17 (0.9%) 840 5 (0.6%)

March 2021– May 2021 4908 121 (2.4%) 2252 51 (2.2%) 979 23 (2.3%)

June 2021– August 2021 4690 174 (3.6%) 2194 68 (3.0%) 964 26 (2.6%)

Total 23 059 353 (1.5%) 10 860 147 (1.3%) 4785 62 (1.3%)

Abbreviation: SARS- CoV- 2, severe acute respiratory syndrome coronavirus 2.

F I G U R E  1  Overall graft survival for 
kidney

F I G U R E  2  Overall graft survival among 
liver transplant recipients
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by SARS- CoV- 2 status and positive SARS- CoV- 2 donors were not 
systematically lower risk for other factors. The exception was that 
positive SARS- CoV- 2 donors were more likely to derive from donors 
after cardiac death which may reflect a higher incidence of respi-
ratory failure as a cause of death and other processes for identify-
ing and managing donors. In addition, positive SARS- CoV- 2 donors 
were more likely to be of Black and Hispanic race/ethnicity. This 
may reflect the disproportionate impact COVID- 19 has had on these 
race/ethnic groups including increased hospitalizations and COVID- 
related deaths, which was also represented in the deceased donor 

population.5,22,23 There may also have been different mechanisms of 
death by donor characteristics or positive SARS- CoV- 2 donors may 
have been proportionally more represented in certain regions of the 
country with different demographic characteristics.

Importantly, results of the study demonstrate that both recov-
ery and utilization of donors with positive SARS- CoV- 2 status were 
significantly reduced compared with donors with negative SARS- 
CoV- 2 status. For kidneys, most donor organs were recovered at 
similar rates by SARS- CoV- 2 status but had approximately twice the 
likelihood of discard adjusted for other donor factors. This suggests 

F I G U R E  3  Overall graft survival among 
heart transplant recipients

F I G U R E  4  SARS- CoV- 2– positive donor kidneys by Organ Procurement Organization. SARS- CoV- 2, severe acute respiratory syndrome 
coronavirus 2
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that donations that may have been beneficial to candidates may 
have been lost either to logistical challenges or perceived risk as-
sociated with positive SARS- CoV- 2 status. This perceived risk may 
be changing over time with greater acceptance in contemporary 
practice but may illustrate lost opportunities for transplants during 
the initial phases of the COVID- 19 pandemic.24 Similarly, positive 
SARS- CoV- 2 donor livers and hearts were significantly less likely 
to be recovered. In a context in which transplantation is largely the 
exclusive option for life- sustaining therapy, these donor organs that 
were not recovered may also reflect missed transplant opportuni-
ties. Recovery and utilization for other organs (including intestine 
and lung) from donors with positive SARS- CoV- 2 test were partic-
ularly rare and also indicative of perceived higher risks. Moreover, 
the loss of potential donors that were not approached associated 
with SARS- CoV- 2 is unknown from these data, but certainly import-
ant to understand as an impact to transplant activity. The study also 
demonstrated that recovery of positive SARS- CoV- 2 donor organs 
was significantly variable by OPO. This may be indicative of varia-
tion in initial access to testing, processes to identify and allocate 
organs with positive SARS- CoV- 2 testing and perceived acceptance 
among local transplant centers.

SARS- CoV- 2 testing also significantly changed over the study. 
There was an increase in overall testing over time and an increase in 
testing of lower respiratory samples. Testing of the lower respiratory 
tract was recommended in May 2021 for potential donors of lungs 
based on the sensitivity of tests from this source.25 The proportion 
of lower respiratory samples more than doubled over the period and 
the additional testing may have contributed to the increased positiv-
ity rate found in this study.

There are a number of limitations to consider for inferences 
from the study results. First, there is no detail of the symptoms 
associated with SARS- CoV- 2– positive donors, history of prior in-
fections or whether deaths were directly attributed to COVID- 19 
among donors. The data also do not include COVID PCR cycle 
thresholds for donors that would be informative to the analyses. 
These additional data are important to differentiate the relative in-
fectious status of donors and potential risk among donor organs.26 
In addition, testing patterns and modes of testing changed over 
the study period and sensitivity and specificity of results also likely 
changed over time, which may affect results over time. For exam-
ple, donors categorized as SARS- CoV- 2– positive based on blood 
tests likely have different significance than those obtained by RNA 
sampling. Similarly, the specific timing of positive tests associated 
with donation may reflect different likelihoods of active infection 
and risk to recipients. In addition, longer- term recipient outcomes 
and specific evaluation of applicable complications will be needed 
to confirm the utility and lack of risk associated with positive SARS- 
CoV- 2– positive donors.

Overall the findings of the current study support that the use of 
positive SARS- CoV- 2 donors for kidney, liver and heart transplanta-
tion despite reduced recovery and utilization of these organs during 
the initial phases of the COVID- 19 pandemic. Further studies re-
garding best practices for utilization of SARS- CoV- 2– positive organs, 

perceptions of risk among transplant candidates and longer- term 
transplant outcomes are needed to improve transplant opportuni-
ties for end- organ disease patients.
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