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1  |  INTRODUC TION

The COVID- 19 pandemic has influenced decision making related to 
solid organ transplantation in the United States since early 2020. 
The first case of coronavirus disease- 2019 (COVID- 19) infection in 
the United States (U.S.) occurred on January 21, 2020 in the state 
of Washington. This was followed by the declaration of a state of 

national emergency in the U.S. on March 13, 2020 (Figure 1). Over 
the following days, guidance was provided to transplant centers and 
organ procurement organizations (OPO) regarding the cessation of 
transplant activities in the U.S.1– 5 These initial recommendations led 
to a temporary decrease in overall waitlist and transplant activities, 
which returned to baseline within 2– 3 months of the start of the pan-
demic.5– 7 Since this time, the use of organs from deceased donors 
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The COVID- 19 pandemic has influenced organ transplantation decision making. 
Opinions regarding the utilization of coronavirus disease- 2019 (COVID- 19) donors are 
mixed. We hypothesize that COVID- 19 infection of deceased solid organ transplant 
donors does not affect recipient survival. All deceased solid organ transplant donors 
with COVID- 19 testing results from March 15, 2020 to September 30, 2021 were 
identified in the OPTN database. Donors were matched to recipients and stratified by 
the COVID- 19 test result. Outcomes were assessed between groups. COVID- 19 test 
results were available for 17 694 donors; 150 were positive. A total of 269 organs were 
transplanted from these donors, including 187 kidneys, 57 livers, 18 hearts, 5 kidney- 
pancreases, and 2 lungs. The median time from COVID- 19 testing to organ recovery 
was 4 days for positive and 3 days for negative donors. Of these, there were 8 graft 
failures (3.0%) and 5 deaths (1.9%). Survival of patients receiving grafts from COVID- 
19- positive donors is equivalent to those receiving grafts from COVID- 19- negative 
donors (30- day patient survival = 99.2% COVID- 19 positive; 98.6% COVID- 19 nega-
tive). Solid organ transplantation using deceased donors with positive COVID- 19 
results does not negatively affect early patient survival, though little information re-
garding donor COVID- 19 organ involvement is known. While transplantation is feasi-
ble, more information regarding COVID- 19- positive donor selection is needed.
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with active or a history of COVID- 19 infection has been in debate. 
Several reports recommend against the utilization of COVID- 19- 
infected organ donors at the time of their publication owing to sev-
eral reasons.8– 10 These factors include the risk of blood or allograft 
tissue transmission, damage to donor organs, lack of effective ther-
apies, exposure of healthcare workers and recovery teams, disease 
transmission and propagation, and hospital resource utilization.

Despite these early recommendations, reports of organ transplan-
tation using donors known to be actively infected with or recovered 
from COVID- 19 infection began to emerge.11– 28 Initial reports came 
from donors who had previously been infected with COVID- 19 but had 
subsequently recovered. Later cases included those with lower- risk do-
nors and recipients who either had a personal history of COVID- 19 in-
fection in the past and/or had antibodies to COVID- 19 present. Most of 
these studies report good early outcomes after transplantation, except 
for one lung transplant where the recipient and transplanting surgeon 
developed COVID- 19 after transplantation.14 The COVID- 19 strain was 
confirmed to be the same for all three individuals. The recipient died 
on post- transplant day 61. Subsequently, the Organ Procurement and 
Transplant Network (OPTN) required all OPOs to perform lower respi-
ratory tract testing for COVID- 19 on all potential deceased lung trans-
plant donors.29 This has been the only reported fatality of a transplant 
recipient due to transmission of COVID- 19 from a donor.

With this information, several authors have begun recommend-
ing the acceptance of low- risk donors with positive COVID- 19 
testing for recipients who would benefit from transplantation and 
have high expected waitlist mortality.28,32 Risk factors identifying 
low- risk donors include a longer time since first positive COVID- 19 
test or symptoms, mild severity of disease, reassuring imaging find-
ings, a cycle threshold >35, no recent (<14 days) exposures to indi-
viduals with COVID- 19, and no history of acute respiratory distress 
syndrome or thrombosis. Additionally, the OPTN has provided up-
dated recommendations regarding the acceptance of organs from 
deceased donors with positive testing or a history of COVID- 19.29 
They state that the risk of transmission of the virus from donors with 
a history of COVID- 19 greater than 21 days prior to organ recovery is 
low but recommend caution in accepting these organs. Donors with 
mild symptoms and 10– 21 days since the start of illness or positive 
test have an unknown safety risk and acceptance of organs should 
depend on the medical urgency of the candidate, along with several 
other factors. No recommendations are given for donors diagnosed 
with active COVID- 19 infection or within 10 days of organ recovery.

Despite these reports and recommendations, there have been few 
large series of COVID- 19- positive donors with a very short duration of 
follow- up in all cases.16,30,31 The OPTN database now contains COVID- 19 
test results for all potential donors, since the start of the pandemic, al-
lowing for a larger scale evaluation of outcomes in this population. We 
hypothesize that the recent COVID- 19 infection of deceased solid organ 
transplant donors does not negatively affect patient or graft survival.

2  |  MATERIAL S AND METHODS

2.1  |  Study design

We conducted a retrospective cohort study of the OPTN data-
base, based on data as of September 30, 2021 (received December 
27, 2021). The OPTN database includes demographic and clinical 
data on all waitlisted candidates and donors in the U.S. as submit-
ted by the transplant centers. The Health Resources and Services 
Administration, U.S. Department of Health and Human Services, 
provides oversight to the activities of the OPTN contractor, the 
United Network for Organ Sharing (UNOS). The study was exempt 
from IRB approval, as the OPTN database contains no patient identi-
fiers. This study is compliant with the ISHLT's Ethic's statement.

2.2  |  Patient population

All potential transplant donors with a recovery date between March 
15, 2020 and September 30, 2021 (18.5 months) were identified in 
the deceased donor dataset. Only donors with at least one organ 
recovered are included in this dataset. Only donors with COVID- 19 
nucleic acid test (NAT) results were included in the analysis. Only 
one COVID- 19 NAT test result was included in the dataset. The tim-
ing of this test result, whether it was the first, most recent, or at 
donor evaluation, is not provided in the dataset. COVID- 19 antigen 
test results were also available in the dataset but were present for 
only 2% of donors. These donors all had NAT testing results present; 
therefore, antigen test results were not included in this analysis. All 
solid organ transplant recipients with a transplant date between 
March 15, 2020 and September 30, 2021 were identified in their 
respective datasets (thoracic, kidney- pancreas, liver, intestine). 
The transplant recipient datasets were merged and only variables 

F I G U R E  1  Coronavirus disease- 2019 
(COVID- 19) pandemic timeline of events. 
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contained in all datasets were included. The deceased donor data-
set and combined recipient datasets were merged, based on donor 
ID. Donors and recipients without a donor- recipient pair match were 
excluded from the analysis. Donor- recipient pairs were stratified 
by COVID- 19 NAT result for further analysis. Donor- recipient pairs 
with positive COVID- 19 NAT results were further stratified by organ 
transplanted. Analyses were made on a per graft, not patient, basis, 
given that some patients received dual organ transplants. For ex-
ample, patients receiving a combined heart- kidney transplant were 
included as both heart and kidney transplants, separately.

The primary study cohort included all donor- recipient pairs with 
positive donor COVID- 19 NAT results. The comparison cohort included 
all donor- recipient pairs with negative donor COVID NAT results.

2.3  |  Statistical analysis

Baseline characteristics were compared between groups using 
summary statistics (median and interquartile range [IQR], number, 
and percentage). The chi- square test was used for categorical vari-
ables and the Kruskal- Wallis test was used for continuous variables. 
The primary study endpoint was patient death across all organs. 
Secondary study endpoints included patient death stratified by 
organ transplanted and graft failure across all organs and stratified 
by organ transplanted. Short- term patient and graft survival dif-
ferences between the groups were assessed via the Kaplan– Meier 
method and compared using the log- rank test. Univariate relation-
ships between patient and graft survival and several donor- recipient 
characteristics were assessed using the Cox proportional hazards 
model. Variables with a univariate p- value less than .10 with few 
(<10%) missing data values were considered for inclusion in mul-
tivariate analyses. Type of organ transplanted and COVID- 19 NAT 
results were included in all models. The Cox proportional hazards 
model was used to assess independently significant risk factors for 

patient survival. All graft failures and deaths in the study cohort 
were reviewed independently. A p- value of less than .05 was con-
sidered significant in this study. R: A Language and Environment for 
Statistical Computing 4.0.3 (R Foundation for Statistical Computing, 
Vienna, Austria, 2020) was used to perform statistical calculations.

3  |  RESULTS

3.1  |  COVID- 19 testing of donors over time

COVID- 19 testing via NAT was available for 17 694 deceased donors 
and has steadily increased over time since March 15, 2020 (Figure 2).

3.2  |  Cohort stratification

Sixty- one- thousand nine- hundred- eighteen transplant recipients 
across all solid organs between March 15, 2020 and September 30, 
2021 were identified (Figure 3). Of these, 44 819 recipients had a 
matched deceased donor with COVID- 19 NAT results. Additionally, 
20 302 potential transplant donors were identified over the same 
period in the deceased donor dataset (Figure 4). Of these, 17,694 
donors (87%) had COVID- 19 NAT results available. There were 150 
donors (<1%) with positive COVID- 19 NAT results, 17 167 donors 
with negative COVID- 19 NAT results, and 377 donors with indeter-
minate or pending COVID- 19 NAT results.

All 150 potential deceased donors with positive COVID- 19 NAT 
results underwent recovery of at least one solid organ. Of these, 
124 donors had at least one organ transplanted. Two- hundred- 
seventy- six organs were transplanted from these 124 donors (2.2 
organs transplanted per donor). Of these 276 transplanted organs, 
269 organs were matched to recipients in the appropriate recipi-
ent datasets and comprised the study cohort. Of the 269 matched 

F I G U R E  2  Cumulative COVID- 19 NAT 
testing of potential transplant donors in 
the U.S. between March 15, 2020 and 
September 30, 2021. NAT, nucleic acid 
test
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organs with COVID- 19 NAT- positive donors, 187 kidneys, 57 livers, 
18 hearts, 5 kidney- pancreases, and 2 lungs were transplanted.

There were four COVID- 19 NAT- positive- pediatric deceased do-
nors (0, 6, 14, and 16 years old) from which nine organs (7 kidneys, 2 
livers) were transplanted, all into adult recipients. There were three 
pediatric recipients (8, 10, and 17 years old) who received organs (2 

kidneys, 1 heart) from COVID- 19 NAT- positive donors, all from adult 
deceased donors.

From the 17 167 donors with negative COVID- 19 NAT results 
and recipient matches, 44,550 total organs were transplanted and 
comprised the comparison cohort. Of the 44,550 matched organs 
with COVID- 19 NAT- negative donors, 23,782 kidneys, 11,206 livers, 

F I G U R E  4  Stratification of all potential 
transplant donors and organs transplanted 
from COVID- 19 NAT- positive donors in 
the U.S. between March 15, 2020 and 
September 30, 2021. NAT, nucleic acid 
test

F I G U R E  3  Stratification of all 
transplant recipients in the U.S. between 
March 15, 2020 and September 30, 2021. 
NAT, nucleic acid test
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4953 hearts, 1109 kidney- pancreases, 3313 lungs, 122 intestines, 
and 65 heart- lungs were transplanted.

3.3  |  Timing of transplants using COVID- 19  
NAT- positive donors over time

The first organ transplanted with a COVID- 19 NAT positive deceased 
donor by organ was: liver (July 22, 2020), heart (August 5, 2020), 
kidney (August 5, 2020), kidney- pancreas (April 21, 2021), and lung 
(June 15, 2021). Transplantation of deceased donors with a positive 
COVID- 19 NAT has been increasing over time (Figure 5). There have 
been no reported heart- lung or intestinal transplants with COVID- 19 
NAT- positive donors as of September 30, 2021. The median time 
from COVID- 19 NAT testing to organ recovery was 4 days (IQR 
2– 23) for COVID- 19 NAT- positive donors and 3 days (IQR 2– 5) for 
COVID- 19 NAT- negative donors.

3.4  |  COVID- 19 NAT- positive donor 
demographic and clinical covariates

The median age of COVID- 19 NAT- positive deceased donors was 
38 years (IQR 28– 50) and was not significantly different than the 
age of other donors (p- value = .309). There were more trans-
plants with male COVID- 19 NAT- positive donors (72.1% vs. 64%, 
p = .007). There were relatively more transplants with COVID- 19 
NAT- positive Hispanic donors (22.3% vs. 15.4%) and fewer from 
white donors (56.1% vs. 64.7%) (p- value = .007), compared to 
transplants with COVID- 19 NAT- negative donors. COVID- 19 
NAT- positive donors were larger (weight 87.5 kg vs. 80 kg, p- 
value < .001) (height 175 cm vs. 172.7 cm, p- value <.001) (BMI 
29.4 vs. 26.87, p- value <.001) than their COVID- 19 NAT- negative 
counterparts. There were fewer transplants with COVID- 19 

NAT- positive donors with anoxic cause of death (33.8% vs. 46.2%, 
p- value < .001) and they had a lower incidence of downtime (23% 
vs. 45.4%, p- value < .001) and cardiopulmonary resuscitation 
(33.5% vs. 55.6%, p- value < .001). There were no differences in 
Kidney Donor Profile Index (KDPI) (40% vs. 40%, p- value .130) 
or left ventricular ejection fraction (LVEF) (60% vs. 60%, p- value 
.264) between COVID- 19 NAT- positive and - negative donors. 
Differences in other donor characteristics are described in Table 1. 
Additionally, demographic and clinical covariate differences be-
tween organs for donor- recipient pairs of COVID- 19 NAT- positive 
deceased donors are listed in Table S1.

3.5  |  Demographic and clinical covariates of 
recipients with COVID- 19 NAT- positive donors

The median age at transplantation for recipients receiving or-
gans from COVID- 19 NAT- positive deceased donors was 54 years 
(IQR 43– 63) and was not significantly different than the age of 
other recipients (p- value = .433). There were fewer pediatric 
transplants (1.1% vs. 4.6%, p- value = .010) and more donations 
after cardiac death (DCD) (35.7% vs. 18.7%, p- value < .001) with 
COVID- 19 NAT- positive donors. Recipients receiving organs from 
COVID- 19 NAT- positive donors weighed more (83.2 kg vs. 80.4 kg, 
p- value = .041) than those with COVID- 19 NAT- negative donors. 
Differences in other recipient characteristics are described in 
Table 1 and Table S1.

3.6  |  Patient and graft survival after 
transplantation of COVID- 19 NAT- positive donors

Actuarial survival of patients receiving grafts from deceased 
donors with positive COVID- 19 NAT is no different than those 

F I G U R E  5  Cumulative number of 
donors with positive COVID- 19 NAT 
testing in the U.S. between March 
15, 2020 and September 30, 2021. 
NAT, nucleic acid test
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TA B L E  1  Demographic and clinical covariates of all transplants with COVID- 19 NAT results between March 15, 2020 and September 30, 
2021, stratified by COVID- 19 NAT status

Descriptive statistics COVID- 19 NAT positive COVID- 19 NAT negative

Categorical variable # (%) # (%) p- value*

n 269 (0.60%) 44 550 (99.40%)

Organ

Heart 18 (6.70%) 4953 (11.10%) <.001

Kidney 187 (69.50%) 23 782 (53.40%)

Kidney- pancreas 5 (1.90%) 1109 (2.50%)

Liver 57 (21.20%) 11 206 (25.20%)

Lung 2 (0.70%) 3313 (7.40%)

COVID- 19 NAT location (onor)

Blood 0 (0.00%) 67 (0.20%) .001

Lower respiratory 25 (9.30%) 8152 (18.30%)

Upper respiratory 241 (89.60%) 36 060 (80.90%)

Other** 3 (1.10%) 271 (0.60%)

DCD

Yes 96 (35.70%) 8351 (18.70%) <.001

Race (Donor)

White 151 (56.10%) 28 811 (64.70%) .007

Black 51 (19.00%) 7101 (15.90%)

Hispanic 60 (22.30%) 6841 (15.40%)

Asian 2 (0.70%) 1118 (2.50%)

American Indian/Alaskan 3 (1.10%) 305 (0.70%)

Hawaiian/Pacific Islander 0 (0.00%) 114 (0.30%)

Multiracial 2 (0.70%) 260 (0.60%)

Gender (Donor)

Male 194 (72.10%) 28 503 (64.00%) .007

Cause of death (Donor)

Anoxia 91 (33.80%) 20 568 (46.20%) <.001

Cerebrovascular/Stroke 56 (20.80%) 9109 (20.40%)

Head trauma 82 (30.50%) 13 654 (30.60%)

CNS tumor 0 (0.00%) 137 (0.30%)

Other 20 (7.40%) 1078 (2.40%)

COVID- 19 infection 20 (7.40%) 4 (0.00%)

Downtime (Donor)

Yes 62 (23.00%) 20 096 (45.40%) <.001

CPR (Donor)

Yes 90 (33.50%) 24 356 (55.60%) <.001

Age group (Recipient)

Pediatric 3 (1.10%) 2038 (4.60%) .010

Race (Recipient)

White 153 (56.90%) 22 593 (50.70%) .504

Black 59 (21.90%) 10 616 (23.80%)

Hispanic 40 (14.90%) 7655 (17.20%)

Asian 14 (5.20%) 2678 (6.00%)

American Indian/Alaskan 1 (0.40%) 373 (0.80%)
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receiving grafts from donors with negative COVID- 19 NAT 
(Figure 6, log- rank test p- value = .34). The 30- day post- transplant 
patient survival was similar between groups (99.2% survival with 
COVID- 19 NAT- positive donor: 98.6% survival with COVID- 19 
NAT- negative donor). Additionally, when stratified by organ trans-
planted, no differences in actuarial patient survival were found 

(Figure 7; Figure S1, all p- values > .32). Actuarial patient survival 
estimates over the first- year post- transplant for all organs are pro-
vided in Table 2.

Actuarial graft survival from deceased donors with positive 
COVID- 19 NAT is no different than grafts from donors with neg-
ative COVID- 19 NAT (Figure 8, log- rank test p- value = .43). The 

Descriptive statistics COVID- 19 NAT positive COVID- 19 NAT negative

Categorical variable # (%) # (%) p- value*

Hawaiian/Pacific Islander 1 (0.40%) 185 (0.40%)

Multiracial 1 (0.40%) 450 (1.00%)

Gender (Recipient)

Male 173 (64.30%) 27 766 (62.30%) .544

Graft status

Failed 8 (3.00%) 2652 (6.00%) .053

Recipient status

Died 5 (1.90%) 2058 (4.60%) .045

Continuous variable Median (IQR) Median (IQR) p- value***

COVID- 19 NAT to recovery (days) 4 (2– 23) 3 (2– 5) <.001

Age (years) (Donor) 38 (28– 50) 37 (26– 49) .309

Age (years) (Recipient) 54 (43– 63) 55 (43– 64) .433

Graft time since transplant (days) 83 (31– 164) 220 (106– 359) <.001

Recipient time since transplant (days) 84 (32– 164) 224 (111– 361) <.001

KDPI (%) 40 (16– 57) 40 (18– 64) .130

LV ejection fraction (%) 60 (55– 65) 60 (55– 65) .264

Abbreviations: CNS, central nervous system; CPR, cardiopulmonary resuscitation; DCD, donation after cardiac death; KDPI, Kidney Donor Profile 
Index; LV, left ventricle; NAT, nucleic acid test.
*Chi- square test.; **Other = location not indicated.; ***Kruskal- Wallis test.

TA B L E  1  (Continued)

F I G U R E  6  Actuarial post- transplant 
patient survival stratified by donor 
COVID- 19 NAT result between March 15, 
2020 and September 30, 2021 (all organs). 
NAT, nucleic acid test
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30- day post- transplant graft survival was similar between groups 
(98.5% survival with COVID- 19 NAT- positive donor: 97.7% survival 
with COVID- 19 NAT- negative donor). Additionally, when stratified 
by organ transplanted, no differences in actuarial graft survival were 
found (Figure 9 and Figure S2, all p- values > .30). Actuarial graft sur-
vival estimates over the first- year post- transplant for all organs are 
provided in Table 3.

In the multivariate regression analysis, a positive COVID- 19 NAT 
result was not associated with lower patient survival (HR 0.78, 95% 
CI 0.32– 1.87, p- value = .575). Organ transplanted, race, donor death 
mechanism, donor race, donor distance, recipient age, and recipi-
ent BMI were independently associated with lower patient survival 
(Table 4).

3.7  |  Graft failure and death after 
transplantation of COVID- 19 NAT- positive donors

Of the 269 transplanted grafts, there were eight graft failures (3.0%) 
and five deaths (1.9%). There were no pediatric recipient graft losses 
or deaths. There were three deaths in the liver transplant group, two 
deaths in the kidney transplant group, and three other graft losses in 
the kidney transplant group. There were no graft losses or deaths in 
the heart, kidney- pancreas, or lung transplant groups, though num-
bers at risk were small. The median time to death was 31- days post- 
transplant and graft loss was 18.5- days post- transplant.

The three deaths after liver transplant were due to: (1) hepatic 
artery thrombosis at 6 days post- transplant, (2) generalized sepsis at 

F I G U R E  7  Actuarial post- transplant 
patient survival stratified by organ 
transplanted between March 15, 2020 
and September 30, 2021 (COVID- 19 
NAT- positive donors only). NAT, nucleic 
acid test

TA B L E  2  Actuarial patient survival estimates stratified by organ and donor COVID status

COVID positive n 30- day 90- day 180- day 270- day 365- day

Heart 18 100.0% 100.0% 100.0% 100.0% 100.0%

Kidney 187 100.0% 99.3% 97.8% 97.8% 97.8%

Kidney- pancreas 5 100.0% 100.0% NA NA NA

Liver 57 96.5% 93.5% 93.5% 93.5% 93.5%

Lung 2 100.0% 100.0% 100.0% NA NA

All 269 99.2% 98.0% 97.1% 97.1% 97.1%

COVID negative n 30- day 90- day 180- day 270- day 365- day

Heart 4953 97.2% 95.0% 93.2% 92.5% 91.3%

Kidney 23 782 99.3% 98.2% 97.1% 96.0% 95.3%

Kidney- pancreas 1109 99.0% 98.1% 97.6% 96.9% 96.3%

Liver 11 206 97.9% 96.6% 95.4% 94.5% 93.8%

Lung 3313 97.6% 95.3% 93.1% 91.0% 89.1%

All 44 550 98.6% 97.2% 95.9% 94.9% 94.0%
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85 days post- transplant, and (3) unknown at 4 days post- transplant. 
The two deaths after kidney transplant were due to: (1) respiratory 
failure at 109 days post- transplant and (2) unknown at 31 days post- 
transplant. The death from respiratory failure occurred in a patient 
who received a graft from a pediatric donor. The three additional 
graft losses in the kidney transplant group were due to: (1 & 2) graft 
thromboses at 90 and 297 days post- transplant and (3) recurrent 
disease at 124 days post- transplant. All organs for recipients with 
graft loss or death came from different donors. A total of 22 organs 
(16 kidneys, 4 livers, 2 hearts) were transplanted from these donors 

and no other graft failures or deaths occurred for other recipients of 
these organs.

4  |  DISCUSSION

We present the largest cohort of patients undergoing solid organ 
transplantation using deceased donors with positive COVID- 19 
NAT results thus far presented in the literature. This study not 
only includes the largest number of recipients but also has the 

F I G U R E  8  Actuarial post- transplant 
graft survival stratified by donor 
COVID- 19 NAT result between March 15, 
2020 and September 30, 2021 (all organs). 
NAT, nucleic acid test

F I G U R E  9  Actuarial post- transplant 
graft survival stratified by organ 
transplanted between March 15, 2020 
and September 30, 2021 (COVID- 19 
NAT- positive donors only). NAT, nucleic 
acid test
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longest follow- up of any study to date. The median time since 
transplant for the study cohort was 83 days (IQR 31– 164). We 
provide outcome data for 269 grafts transplanted from 124 de-
ceased donors. Our data shows that overall patient and graft 
survival for those receiving organs from COVID- 19- positive de-
ceased donors is equivalent to the survival of those receiving 
organs from COVID- 19- negative donors. Additionally, we found 
that COVID- 19 NAT- positive donors were more likely to be male, 
Hispanic, and larger than their COVID- 19 NAT- negative counter-
parts, which mimics the general trends seen in the pandemic to 
date.33– 35

Testing of solid organ transplant donors for COVID- 19 was 
rapidly initiated at the onset of the pandemic, as can be seen in 
Figure 2. Eighty- seven percent of all deceased donors between 
March 15, 2020 and September 30, 2021 had COVID- 19 testing 
results available in the database for analysis. Of these, less than 1% 
(150 donors) were found to have positive COVID- 19 NAT testing 
prior to donation. Only donors proceeding to the procurement of 
at least one organ are included in the dataset and it is not known 
how many other potential COVID- 19 NAT- positive donors were 
declined during this time. Figure 5 shows the cumulative inci-
dence of COVID- 19 NAT- positive deceased donors over time and 
a trend toward increasing prevalence can be seen over time. This 
likely represents an increasing comfort of transplant centers to use 
these donors. Early in the pandemic, little was known about the 
potential effects of COVID- 19 infection on immunosuppressed 
individuals. Over time and with the availability of new therapies, 
comfort grew and utilization increased. Given that the follow- up 
time for this study ended on September 30, 2021 at the peak of 
the delta variant phase of the COVID- 19 pandemic, it should be ex-
pected that even greater numbers of donors, many asymptomatic, 
will likely be found to be positive as follow- up time extends into 
the omicron variant phase of the COVID- 19 pandemic and beyond 
(Figure 1). Additionally, as time passes the number of donors with a 

history of recovered COVID- 19 infection will continue to increase. 
Taking these two factors together, it is likely that many future solid 
organ transplant donors will either have a current or have had a 
recent past infection with COVID- 19. If the field of transplantation 
is to continue to flourish in this setting, understanding the risks 
and outcomes of using these donors will become more urgent over 
time. This study shows that transplantation in the setting of a posi-
tive COVID- 19 NAT result is not only possible but can achieve sim-
ilar outcomes to those transplanted with organs from COVID- 19 
NAT- negative donors.

At the beginning of the pandemic, little was known about 
disease transmission and effects on organs for transplant. 
Additionally, there were no therapeutics known to be effective 
in preventing or treating disease. Third, variant shifts over time 
have led to a current variant (omicron) that is readily transmissible 
through asymptomatic carriers and has lower virulence.36 After 
2 years of the pandemic, we have learned a great deal of informa-
tion about these unknowns. Information regarding changes to the 
transmission through hygiene, masking, and social distancing are 
being sought and potential effects on organs, such as myocarditis, 
are being studied.37 Multiple antiviral agents have been studied 
for use in treating and preventing COVID- 19 and pharmaceuticals 
and monoclonal antibody use are now more common. Finally, the 
robust vaccination and booster programs have allowed for nearly 
all persons in the U.S. to become vaccinated if they choose. This 
vaccination has been shown to reduce some of the adverse risks 
of contracting the virus, such as ICU admission and the need for 
mechanical ventilation, though they may not prevent infection all 
together.38,39 The combination of changing, less virulent strains 
of the virus, appropriate pre- transplant vaccination, pre- exposure 
prophylactics, and post- exposure therapeutics, has likely led and 
will likely continue to lead to increasing comfort with the idea of 
accepting donors for transplantation, even in the setting of active 
COVID- 19 infection.

TA B L E  3  Actuarial graft survival estimates stratified by organ and donor COVID status

COVID positive n 30- day 90- day 180- day 270- day 365- day

Heart 18 100.0% 100.0% 100.0% 100.0% 100.0%

Kidney 187 98.9% 97.2% 95.7% 95.7% 95.7%

Kidney- pancreas 5 100.0% 100.0% NA NA NA

Liver 57 96.5% 93.5% 93.5% 93.5% 93.5%

Lung 2 100.0% 100.0% 100.0% NA NA

All 269 98.5% 96.6% 95.7% 95.7% 95.7%

COVID negative n 30- day 90- day 180- day 270- day 365- day

Heart 4953 96.8% 94.7% 92.9% 92.1% 90.9%

Kidney 23 782 98.4% 96.7% 95.4% 94.3% 93.4%

Kidney- pancreas 1109 98.5% 97.5% 97.0% 96.2% 95.9%

Liver 11 206 96.8% 95.2% 93.7% 92.7% 92.0%

Lung 3313 97.6% 95.2% 92.9% 90.9% 88.8%

All 44 550 97.7% 96.0% 94.5% 93.4% 92.5%
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Our data show that not only is the transplantation of these organs 
possible and increasing in frequency, but the outcomes of these trans-
plants are at least equal to those of COVID- 19 NAT- negative donor 
transplants. Our data is robust for outcomes of kidney (n = 187 + 5 
kidney- pancreas) and liver (n = 57) transplants, but there is a paucity of 
data for heart (n = 18) and lung (n = 2) transplants and no data for intes-
tinal (n = 0) transplants. Data to support the use of COVID- 19- positive 
deceased donors in children is lacking currently as well. The current 
study included only four pediatric donors and three pediatric recipients.

TA B L E  4  Multivariate Cox proportional hazard model evaluating 
risk factors for patient survival

Multivariate Cox 
proportional hazard model n = 43 108; LRT = 608.9; p = <.0001

Variable (reference) HR (95% CI) p- value

Organ

Heart (Reference) xxx xxx

Heart- lung 2.63 (1.35– 5.11) .004***

Intestine 3.19 (1.93– 5.27) <.001***

Kidney 0.43 (0.37– 0.50) <.001***

Kidney- pancreas 0.46 (0.31– 0.66) <.001***

Liver 0.63 (0.55– 0.73) <.001***

Lung 1.03 (0.87– 1.21) .757

COVID- 19 NAT result 
(Donor)-  Positive

0.78 (0.32– 1.87) .575

DCD

Yes 1.07 (0.94– 1.22) .314

Race (Recipient)

White (Reference) xxx xxx

Black 1.02 (0.90– 1.15) .781

Hispanic 1.13 (0.99– 1.30) .071

Asian 1.29 (1.06– 1.57) .011***

American Indian/
Alaskan

1.78 (1.16– 2.72) .008***

Hawaiian/Pacific 
Islander

1.24 (0.59– 2.63) .568

Multiracial 1.16 (0.72– 1.84) .546

Cause of death (Donor)

Anoxia (Reference) xxx xxx

Cerebrovascular/
Stroke

1.21 (0.81– 1.81) .343

Head trauma 0.89 (0.62– 1.28) .539

CNS tumor 1.43 (0.74– 2.75) .290

Other 0.70 (0.49– 1.00) .050

COVID- 19 infection 0.00 (0.00- Inf) .988

Death circumstances 
(Donor)

Motor vehicle 
accident 
(Reference)

xxx xxx

Suicide 0.84 (0.62– 1.13) .244

Homicide 0.87 (0.62– 1.22) .415

Child abuse 1.52 (0.73– 3.14) .264

Accident (Non- MVA) 0.92 (0.74– 1.14) .430

Natural causes 1.01 (0.76– 1.33) .968

None of above 0.92 (0.71– 1.20) .537

Death mechanism 
(Donor)

Intracranial 
hemorrhage/
Stroke (Reference)

xxx xxx

(Continues)

Multivariate Cox 
proportional hazard model n = 43 108; LRT = 608.9; p = <.0001

Variable (reference) HR (95% CI) p- value

Drowning 2.00 (1.16– 3.44) .012***

Seizure 1.03 (0.57– 1.84) .934

Drug intoxication 1.18 (0.78– 1.79) .444

Asphyxiation 1.14 (0.71– 1.83) .587

Cardiovascular 1.10 (0.73– 1.66) .650

Electrical 1.73 (0.41– 7.35) .458

Gunshot 1.23 (0.76– 1.97) .405

Stabbing 0.99 (0.34– 2.84) .979

Blunt Injury 1.19 (0.78– 1.82) .422

SIDS 0.00 (0.00- Inf) .980

Natural causes 1.27 (0.84– 1.91) .251

None of above 1.45 (0.91– 2.32) .119

Inotropes (Donor)

Yes 1.05 (0.96– 1.16) .287

Race (Donor)

White (Reference) xxx xxx

Black 1.11 (0.98– 1.25) .090

Hispanic 1.05 (0.92– 1.20) .479

Asian 1.34 (1.04– 1.74) .023***

American Indian/
Alaskan

0.82 (0.44– 1.54) .541

Hawaiian/Pacific 
Islander

1.74 (0.77– 3.90) .182

Multiracial 0.84 (0.40– 1.78) .653

Distance to donor 
(miles)

1.00 (1.00– 1.00) .022***

Age (years) (Recipient) 1.02 (1.02– 1.03) <.001***

BMI (kg/m2) 
(Recipient)

1.01 (1.01– 1.02) .001***

Time on waitlist (days) 1.00 (1.00– 1.00) .610

Age (years) (Donor) 1.00 (0.99– 1.00) .382

Note: The primary study outcome variable (COVID-19 NAT Result 
(Donor) - Positive) is bolded.
Abbreviations: BMI, body mass index; CI, confidence interval; CNS, 
central nervous system; DCD, donation after cardiac death; HR, hazard 
ratio; LRT, likelihood ratio test; MVA, motor vehicle accident; NAT, 
nucleic acid test; SIDS, sudden infant death syndrome.
***Statistically significant results (p < .05).

TA B L E  4  (Continued)
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The impact of COVID- 19 infection on these donors must be 
considered as well. While these donors may have had a posi-
tive COVID- 19 NAT result at the time of organ offer, the timing 
of COVID- 19 symptoms (if any) in relationship to donation is not 
known. Only 7.4% of COVID- 19 NAT- positive donors were noted 
to have COVID- 19 as a cause of death in the dataset. It is not pos-
sible to ascertain which of the other donors may have had signif-
icant COVID- 19 disease that led to death. Additionally, though 
COVID- 19 donors appeared to have similar organ function based 
on KDPI and LVEF, evidence for COVID- 19 organ involvement is 
not available in the data reviewed. It is entirely plausible that many 
COVID- 19 NAT- positive donors suffered death due to an unrelated 
cause and were found to have a positive test at donation screening. 
Additionally, there are potentially donors with false- positive tests in 
the COVID- 19 NAT- positive group, along with false- negative tests in 
the COVID- 19 NAT- negative group.

Whether death (n = 5) or graft loss (n = 8) in the study popula-
tion was influenced by donor COVID- 19 NAT status is not known as 
well. In our cohort, no deaths were obviously attributed to COVID- 19, 
though two were documented as unknown, one related to sepsis, and 
one related to respiratory failure, which could potentially be due to 
COVID- 19 infection. Additionally, two kidney graft losses and one liver 
death were attributed to graft or hepatic artery thrombosis, which 
raises concerns about hypercoagulability in this group. Furthermore, 
the single reported fatality in the literature of a lung transplant recipi-
ent after transmission of COVID- 19 from the donor was not captured 
by our method of data analysis in the study.14 In this case, it is likely 
that this donor- recipient pair had missing data, which did not allow for 
a proper matching to take place. Nonetheless, even if all deaths were 
attributed to COVID- 19, the overall survival of the cohort is equal to 
that of the rest of the population. It is not known, however, if any evi-
dence of organ damage due to COVID- 19 infection may be present in 
these organs and survival is not necessarily the only relevant outcome. 
There has not been enough follow- up time for most individuals to as-
sess for long- term organ damage via this database review. With this, 
continued post- transplant evaluation for late sequelae of COVID- 19 
on graft function must occur. Additionally, COVID- 19 transmission to 
the recipient is not specifically reported in the dataset, nor would it be 
reported through UNOS patient safety as an unexpected event. Thus, 
its prevalence is unknown, though at some point it may be expected 
to occur.

Despite these reassuring outcomes, other factors must be consid-
ered when assessing the impact of COVID- 19 NAT- positive deceased 
donor utilization, which is not readily apparent in the data available 
in the dataset. Resource utilization and potential risk to OPO, donor 
hospital, recipient hospital, and transplant team staff must be consid-
ered.8 While transplantation of solid organs is a life- saving endeavor, 
intensive care unit and operating room utilization for such procedures 
must be balanced against the needs of other individuals. Additionally, 
the risk of exposure to known COVID- 19- positive donors requires ad-
ditional consideration regarding the allocation of personal protective 
equipment and the development of novel protocols for infection pre-
vention. Not only can potential exposure and infection of healthcare 

staff lead to morbidity or mortality in these individuals, but it also re-
duces these caregiver's availability for other duties, which have already 
been overwhelmed at times during the pandemic.

5  |  LIMITATIONS

There are several limitations to the outcomes of this study, which 
could not be overcome, given the lack of granular data regarding as-
pects of the COVID- 19 infection itself. The largest limitation is that 
the COVID- 19 NAT- positive donors included in this report account for 
only a small proportion of all potential COVID- 19 NAT- positive donors. 
No information is available on those donors who did not proceed with 
organ recovery, nor is it known why organs from these donors were ac-
cepted. Data regarding patient follow up is provided by the transplant-
ing center and may be missing, incomplete, or not up to date. There is 
limited data available for organs other than kidney or liver. There is lit-
tle data available for child donors or recipients. There is no information 
available on the degree of donor COVID- 19 infection, symptoms, organ 
involvement, or therapies. There is no information regarding the cycle 
thresholds of these tests. There is a potential patient selection bias as 
well with some centers offering COVID- 19- positive donor transplants 
to recipients at higher urgency. There is no information available about 
peri- transplant therapies employed in these patients to minimize the 
risk of transmission to recipients, such as remdesivir, monoclonal anti-
body administration, and vaccination status of the donor or recipient. 
Additionally, there are changing risks of COVID- 19 infection and mor-
bidities over time and as new variants arise.

6  |  CONCLUSIONS

Solid organ transplantation using grafts from a cohort of deceased 
donors with positive COVID- 19 NAT results did not negatively af-
fect early post- transplant patient or graft survival. Though these 
results are reassuring, the lack of granular data in the OPTN data-
base regarding many aspects of donor selection, including the extent 
and timing of COVID- 19 infection in these donors must be consid-
ered. To fully understand the risks involved with the utilization of 
COVID- 19 NAT- positive donors, expanded data collection must be 
undertaken to address many of the limitations of this study.
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