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Abstract

Background: Significant uncertainties remain regarding the utilization of organs for

solid organ transplantation (SOT) fromdonorswith coronavirus disease 2019 (COVID-

19). The aim of this study was to assess the trends in utilization of organs from donors

with COVID-19 and their short-term outcomes.

Methods:Deceased donors betweenMarch 2020 and December 2021with a positive

COVID nucleic acid test from respiratory tract within 14 days of transplantation were

analyzed using the de-identified United Network for Organ Sharing (UNOS) database.

Donor and recipient characteristics of COVID-19 positive (COVID+) organs were

compared to COVID-19 negative (COVID−) organs during this period. We analyzed

the trends in the utilization of SOT from COVID+ donors across the United States,

donor characteristics, and the quality of donor organ and recipient outcomes (length

of hospitalization, rates of organ rejection, delayed graft function, 30-day graft/patient

survival).

Results: During the study period, 193 COVID+ donors led to the transplantation

of 281-kidneys, 106-livers, and 36-hearts in 414 adult recipients. COVID+ patients

donated a median of two organs. These donors were younger and had a lower median

Kidney Donor Profile Index (0.37 vs. 0.50, p < .001), lower median serum creatinine

(0.8 vs. 1.0 mg/dl, p = .003), similar median serum total bilirubin (0.6 mg/dl, p = .46),

and similar left ventricular ejection fraction (60%, p= .84) when compared to COVID−

donors. Short-term outcomes, including 30-day graft/patient survival, were similar in

both groups.

Conclusions:Analysis of short-term outcomes from theUNOS database indicates that

a positive COVID test in an otherwise medically suitable donor should not preclude

consideration of non-lung solid organ transplantation.
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1 BACKGROUND

The Coronavirus disease 2019 (COVID-19) pandemic has had a

significant impact on transplantation, including excess mortality in

patients on waitlist, higher risk of hospitalization, and death in trans-

plant recipients.1,2 Availability of vaccination and treatment options

with antiviral agents and anti-spike monoclonal antibodies has led

to improved morbidity and mortality among these patients.3–5 As

transplant centers recovered from initial setbacks, important ques-

tions arose regarding the safety and timing of transplanting patients

who had recovered from COVID-19 and the feasibility of accept-

ing otherwise suitable organs from COVID-19 positive (COVID+)

donors.6,7 Early experience showed the safety of performing solid

organ transplantation (SOT) in patients who had recovered from

COVID-19 as well as successful utilization of organs from donors

with remote COVID-19.8 This was followed by reports where organs

were successfully transplanted from patients with a positive COVID

test.9–13 However, three reports of donor-derived infection in lung

transplant recipients have been described.14,15 Despite encourag-

ing early results, organ donation from a COVID+ donor remains a

contraindication in many transplant centers. Here we describe the

characteristics ofCOVID+donors and recipients and clinical outcomes

from the nationwide database between March 2020 and December

2021.

2 METHODS

2.1 Study population

Data fromdeceased donors betweenMarch 2020 andDecember 2021

were analyzed using the de-identified UnitedNetwork forOrgan Shar-

ing (UNOS) database. The variable “COVID19_NAT_TESTRESULT”was

used to categorize the donors. Donorswith a pending or indeterminate

result were excluded. Transplant centers were categorized by the vari-

able “CTR_CODE.” Trends in the utilization of COVID+ donors were

analyzed across the UNOS regions and the United States.

2.1.1 Definition of COVID positive donor

The deceased donor, who had a positive severe acute respiratory

coronavirus-2 (SARS-CoV-2) nucleic acid test (NAT) result from either

upper respiratory tract (URT) or lower respiratory tract (LRT) within

14 days from date of organ recovery, was defined as a COVID+ donor.

Donors with a positive test result recorded more than 14 days from

organ recovery were excluded. Three cases that included an error in

the test year were corrected and included as the year of admission

and date of organ recovery were concordant. A deceased donor with

a negative COVID NAT result was defined as a COVID-19 negative

(COVID−) donor.

2.1.2 Recipients

The adult recipients (age ≥ 18 years) who underwent a solid organ

transplant (heart, lung, liver, pancreas, intestine, and kidney) from a

COVID+ donor or a COVID− donor were analyzed.

2.2 Outcome variables

Outcomes investigated were trends in utilizations of organs from

COVID+ donors. Secondary outcomes were the quality of these donor

organs, length of hospitalization, rates of organ rejection posttrans-

plant, delayed graft function, 30-day graft survival, and 30-day patient

survival.

2.3 Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics 26.0

(IBM Corp., Armonk, NY) and R-Studio using R Version 4.1.1 (R Stu-

dio, Boston, MA). Continuous variables were presented as the median

(interquartile range: IQR). Between the groups, comparisons were

made using chi-square or Fisher’s exact tests for categorical and the

Mann–Whitney U test for continuous. For all statistical analyses, p <

.05 was considered significant.

3 RESULTS

Between March 2020 and December 2021, 20651 deceased donors

were registered in the UNOS database. Donors with the test pending

(370) and indeterminate (49) were excluded. There was a total of 333

donors with a positive NAT result. Of these, 238 (1.1%) donors had a

positive NAT result within 14 days of transplant, with a simultaneous

COVID antigen test positive in 8 (3.3%), negative in 5 (2.1%), and not

available in 225 (94.5%). During the same period, 20 318 donors had

a negative NAT result, with a simultaneous COVID antigen test posi-

tive in 9 (0.04%), negative in 559 (2.7%), and not available in 97.1% of

donors. Of positive NAT results, 206 (86.5%) were from URT, 31 (13%)

were from LRT, and 1 (0.4%) were from a rectal swab.

3.1 Transplantation and trends

During the study period, 193 COVID+ donors had the recovery of

organs that led to transplantation. These included 281 kidneys, 106

livers, 36 hearts, 1 lung, 14 kidney–pancreas, 5 simultaneous liver–

kidney, and 4 simultaneous heart–kidney transplants in 414 adult

recipients (Figure 1). These events were first reported in July 2020

with the maximum number of organs from COVID+ donors being

transplanted in October 2021 and the highest utilization of organs
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F IGURE 1 Donor and recipient selection criteria for solid organ transplants fromCOVID+ donors

from COVID+ donors in UNOS region 10. Chronological and regional

distribution of these transplants is shown in Figure 2. As of Decem-

ber 2021, of all US transplant centers that performed more than five

transplants per year, the center-wide acceptance rates of organs from

COVID+ donors were 25% for heart, 41% for kidney, and 51% for liver

transplants.

3.1.1 Donor characteristics

Clinical characteristics of 193 COVID+ donors are summarized in

Table 1.

The median time from a documented positive donor test to trans-

plantation was 1 day (IQR: 0–4, range 0–14). When compared to

COVID− donors, COVID+ donors were younger (median age: 37

vs. 41 years, p < .001) and had higher body mass index (BMI)

(28.6 vs. 27.4, p = .020) with no difference in sex, race, ABO

blood type, and hepatitis C positivity. COVID+ donors had higher

rates of donation after cardiac death (DCD) (34% vs. 25%, p =

.015). The most common listed causes of death were anoxia (36%),

head trauma (27%), cerebrovascular event/stroke (18%), and directly

from COVID (9.8%). Six (3.1%) of the donors were on extracor-

poreal mechanical support at the time of transplantation. Prior to

donation, the donors were hospitalized for a median of 5 days

(IQR 3–7).

3.2 Organs and quality

COVID+ patients donated a median of 2 organs (IQR 2–3), which was

lower than COVID− donors (median three organs, IQR 2–4, p < .001).

When compared to COVID− donors, COVID+ donors had a lower

median Kidney Donor Profile Index (KDPI) score (0.37 vs. 0.50, p <

.001), lower median serum creatinine (0.8 vs. 1.0 mg/dl, p = .003),
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F IGURE 2 (A) Chronological trends in solid organ transplants fromCOVID+ donors, (B) regional trends in solid organ transplants from
COVID+ donors, (C) Organ Procurement and Transplantation Networkmap
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TABLE 1 Donor characteristics

COVID positive

donors, n= 193

COVID negative

donors, n= 18429 p

Age years, median (IQR) 37.0 (26.0–49.0) 41.0 (29.0–53.0) <.001

Gender, n (%) .25

Female 64 (33%) 6847 (37%)

Male 129 (67%) 11582 (63%)

Race, n (%) .26

White 131 (68%) 12039 (65%)

African American 28 (15%) 2938 (16%)

Hispanic 28 (15%) 2717 (15%)

Asian 1 (0.5%) 454 (2.5%)

Others 5 (2.6%) 281 (1.5%)

Blood type, n (%) .20

A 81 (42%) 6741 (37%)

AB 2 (1.0%) 575 (3.1%)

B 22 (11%) 2127 (12%)

O 88 (46%) 8986 (49%)

Bodymass index, kg/m2, median (IQR) 28.6 (24.3–33.5) 27.4 (23.5–32.4) .020

Donation type, n (%) .015

Donation after brain death 127 (66%) 13832 (75%)

Donation after cardiac death 66 (34%) 4596 (25%)

Serum total bilirubin, mg/dl, median (IQR) 0.6 (0.4–0.9) 0.6 (0.4–1.0) .46

Serum creatinine, mg/dl, median (IQR) 0.8 (0.6–1.4) 1.0 (0.7–1.7) 0.003

Left ventricular ejection fraction, %, median (IQR) 60 (55–65) 60 (55–65) 0.84

Kidney Donor Profile Index, median (IQR) 0.37 (0.16–0.60) 0.50 (0.25–0.74) <.001

Donor causes of death, n (%)

Anoxia 69 (36%) 8714 (47%)

Cardiovascular disease/stroke 35 (18%) 4373 (24%)

Head trauma 52 (27%) 4823 (26%)

Central nervous system tumor 0 (0%) 53 (0.3%)

Others 37 (19%) 466 (2.5%)

COVID 19 (9.8%)

Extracorporeal support, n (%) 6 (3.1%) 115 (0.6%) <.001

Number of organs transplanted, median (IQR) 2.0 (2.0–3.0) 3.0 (2.0–4.0) <.001

Days from admission to donation, median (IQR) 6 (4–12.5) 5 (3–7) <.001

Abbreviations: COVID, coronavirus disease; IQR, interquartile range.

similarmedian serum total bilirubin (0.6mg/dl), and similar left ventric-

ular ejection fraction (60%).

3.3 Recipient characteristics

A total of 414 adult recipients received organs from COVID+ donors

during the study period. In the final analysis, results from recipients of

kidney, liver, heart, and kidney–pancreaswere included. As the number

of lung transplant recipients (N = 1) and intestine transplants (N = 0)

were small during the study, they were excluded from the comparison.

Characteristics of recipients of multi-organ transplants were included

in each separate organ analysis. These results are further summarized

in Tables S1–S6.

3.3.1 Kidney transplantation

Adult recipients of 281 kidneys had a median age of 54 years (IQR

44–63) and a median wait time of 484 days (IQR 151–1017). When
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compared to 27013 kidney recipients of COVID− donors during the

study period, these recipients had a lower incidence of being on

hemodialysis at time of transplant (79% vs. 86%, p = .005) but were

similar for age, sex, race, ABO blood type, BMI, comorbidities, serum

creatinine, and wait time. COVID+ donors of kidneys, when com-

pared to COVID− donors, were younger (median age 36 vs. 40 years,

p < .001), had lower serum creatinine (0.8 vs. 0.9 mg/dl, p < .001),

lower KDPI (0.30 vs. 0.44, p < .001), a longer cold ischemia time

(CIT) (19.6 vs. 18.2 h, p = .002), and longer distance from transplant

center (114 vs.. 94 mi, p < .001). The median time from a docu-

mented test positive to transplant was 2.5 days (IQR 1–4, range 0–

9 days).

3.3.2 Liver transplantation

Adult recipients of 106 livers had a median age of 55 years (IQR 44–

62) and a median wait time of 48 days (IQR 7.5–216). When compared

to 12484 liver recipients of COVID− donors during the study period,

these recipients had a higher incidence of alcohol-related liver dis-

ease (ALD) as a primary diagnosis (47% vs. 39%), lower model for

end-stage liver disease score (22 vs. 26, p = .14), a longer waiting

time (48 vs. 26 days, p = .42), but were similar in age, sex, race, BMI,

dialysis at the time of transplant, incidence of portal venous thrombo-

sis, transjugular intrahepatic portosystemic shunt, previous abdominal

surgery, and comorbidities. COVID+ donors of livers, when compared

to COVID− donors, were younger (median age 33.5 vs. 40, p < .001),

had lower donor risk index (1.58 vs. 1.67, p = .018), had longer dis-

tance from transplant center (204.5 vs.. 141 mi, p < .001), and were

similar in serum bilirubin, sex, race, hepatitis C serology, and CIT. In a

subgroup analysis of liver transplants performed forALD, 50 recipients

of COVID+ donor organs were similar in clinical characteristics when

compared to 4861 recipients of COVID− donor organs. The median

time from a documented test positive to transplant was 3 days (IQR

1–4, range 0–13 days).

3.3.3 Heart transplantation

Adult recipients of 36 hearts had a median age of 58 years (IQR 49–

65) and a median wait time of 16 days (IQR 6–108). When compared

to 4058 heart recipients of COVID− donors during the study period,

these recipients had a shorter median waiting time (16 vs. 29 days, p

= .49), higher incidence of hemodialysis at time of transplant (14% vs.

5.7%, p < .001), but were similar for age, sex, race, ABO blood type,

BMI, listing status, occurrence of extracorporeal circulatory support,

and prior cardiac surgery. COVID+ donors of hearts, when compared

toCOVID−donors,were younger (median age28vs. 32days, p= .036),

male predominant (89%vs. 73%, p= .034), butwere similar in sex, race,

serum creatinine, CIT, KDPI, and distance from transplant center. Time

from a documented positive test to transplant was a median of 3 days

(IQR 1–4, range 0–14 days).

3.3.4 Kidney–pancreas transplantation

Adult recipients of 14 kidney–pancreas had a median age of 41 years

(IQR 35–46) and median wait time of 167 days (IQR 60–266). When

compared to 1286 kidney–pancreas recipients ofCOVID−donors dur-

ing the study period, these recipients were similar in age, race, BMI,

ABO blood type, comorbidities, waiting time, donor age, donor serum

creatinine, donor KDPI, and CIT. The median time from a documented

test positive to transplant was 3 days (IQR 1.8–4.3, range 0–6 days).

3.4 Organ and patient outcomes

Organ and patient outcome data are summarized in Table 2.

3.4.1 Kidney transplantation

Recipients of kidney transplants from a COVID+ donor compared to

COVID− donors had a shorter length of stay (4 vs. 5 days, p < .001)

and lower rate of delayed graft function (21.8% vs. 30.6%, p = .001).

Outcomes were similar for rates of rejection before discharge, 30-day

graft failure, and 30-day mortality. During a mean follow-up of 85 days

in kidney recipients of COVID+ donors, overall mortality was 1.8%.

3.4.2 Liver transplantation

Recipients of liver transplants from COVID+ donors compared to

COVID− donors had shorter length of stay (9 vs. 10 days, p = .25),

higher rate of rejection before discharge (9.4%vs. 4.5%, p= .016), and a

higher rate of statistically nonsignificant 30-day graft failure (4.7% vs.

3.2%, p = .40). During a mean follow up of 93 days in liver recipients

of COVID+ donors, overall mortality was 6.6%. Of seven patients who

died, the causes of death were listed as hepatic artery thrombosis (1),

sepsis (1), fungal infection (1), cardiac arrest (1), and unknown (3).

3.4.3 Heart transplantation

Recipients of heart transplants from COVID+ donors, compared to

COVID− donors, had a similar length of stay (16.5 vs. 17 days, p =

.51) and a lower rate of rejection before discharge (8.8% vs. 18%, p =

.26). Therewasno30-day graft failure or 30-daymortality amongheart

recipients of COVID+ donors. During themean follow-up of 89 days in

heart recipients of COVID+ donors, overall mortality was 2.9%.

3.4.4 Kidney–pancreas transplantation

Recipients of kidney–pancreas transplants fromCOVID+donors, com-

pared to COVID− donors, had a longer length of stay (10 vs. 8 days,
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TABLE 2 Outcomes of solid organ transplants fromCOVID positive donors

COVID positive donors

COVID negative

donors p

Kidney n= 281 n= 27013

Posttransplant LOS, days, median (IQR) 4 (3–5) 5 (4–7) <.001

Rejection before discharge, n (%) 1 (0.4%) 233 (0.9%) .74

Delayed graft function, n (%) 61 (21.8%) 8233 (30.6%) .001

30-day graft failure, n (%) 2 (0.7%) 478 (1.8%) .25

30-daymortality, n (%) 1 (0.4%) 194 (0.7%) .73

Mortality, n (%) 5 (1.8%) 1512 (5.6%)

Deaths fromCOVID 0 511

Liver n= 106 n= 12484

Posttransplant LOS, days, median (IQR) 9 (7–16) 10 (7–17) .25

Rejection before discharge, n (%) 10 (9.4%) 564 (4.5%) .016

30-day graft failure, n (%) 5 (4.7%) 404 (3.2%) .40

30-daymortality, n (%) 4 (3.8%) 271 (2.2%) .30

Mortality, n (%) 7 (6.6%) 862 (6.9%)

Causes of death HAT (1) COVID= 94

Sepsis (1)

Fungal infection (1)

Cardiac arrest (1)

Unknown (3)

COVID (0)

Heart n= 36 n= 4058

Posttransplant LOS, days, median (IQR) 16.5 (12.3–36) 17 (12–26) .51

Rejection before discharge, n (%) 3 (8.8%) 709 (18%) .26

30-day graft failure, n (%) 0 122 (3.0%)

30-daymortality, n (%) 0 108 (2.8%)

Mortality, n (%) 1 (2.9%) 354 (8.8%)

Deaths fromCOVID 0 39

Kidney–pancreas n= 14 n= 1286

Posttransplant LOS, days, median (IQR) 10 (9–14) 8 (6–11) .044

Rejection before discharge, n (%) 1 (7.1%) 19 (1.5%) .20

Delayed graft function, n (%) 2 (14%) 128 (10.1%) .65

30-day graft failure, n (%) 1 (7.1%) 59 (4.6%) .49

30-daymortality, n (%) 0 14 (1%)

Mortality, n (%) 0 43 (3%)

Deaths fromCOVID 0 0

Abbreviations: COVID, coronavirus disease; HAT, hepatic artery thrombosis; IQR, interquartile range; LOS, length of stay.

p = .064) and a similar rate of delayed graft function. There was no

30-day graft failure, or 30-day mortality noted in kidney–pancreas

recipients of COVID+ donors. During the mean follow-up of 53 days

in heart recipients of COVID+ donors, overall mortality was 0%.

4 DISCUSSION

In this study from a large national registry, the organs from COVID+

donorsweremedically acceptable, were fromyounger donors, and car-

ried a lower KDPI. Organs from COVID+ donors had an increased

incidence of DCD, increased distance between donor and receiving

transplant centers, and an increased CIT. Despite these factors, overall

outcomes regarding the hospital length of stay, organ rejection before

discharge, delayed graft function as well as graft, and patient survival

were similar to the outcomes fromCOVID− donors. The acceptance of

hearts from COVID+ donors also reduced the recipient’s time on the

waitlist. Although increased rejection prior to discharge was seen in

liver recipients of COVID+ donors, it was not statistically significant.
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This maybe be due to the overall trend of using lower immunosup-

pression during the COVID pandemic16 and a possibly a higher risk of

rejection in younger recipients with ALD.17

Although a donor with a remote history (>90 days) of a positive

COVID test is unlikely to transmit SARS-CoV-2 infection to the recip-

ient or health-care teams, data regarding risk of transmission from

donors with a recent positive test are limited. So far, there is no

reported transmission of SARS-CoV-2 from a COVID+ donor to the

COVID− recipient with the use of a non-lung organ or with use of any

blood products.9,12,18,19 In our study, the median time of test positive

from transplantation was 1 day (IQR: 0–4, range 0–14), which likely

denotes the last positive test prior to organ recovery. But with a short

median hospitalization of 5 days prior to organ recovery while simul-

taneously excluding donors with a positive test >14 days, these data

better reflect real-world decision-making dilemmas and outcomes of

organ transplantation from a donor with recent COVID-19. A posi-

tive NAT result may represent various stages of clinical progression

and infectivity associated with COVID, and its interpretation requires

a careful review of donor and test characteristics.11,20 Although some

of these tests may also be considered “false positives,” the unknowns

associated with this scenario may still preclude the use of organs from

these donors in some transplant centers.

Our findings indicate an increasing acceptance of non-lung organs

for transplantation from COVID+ donors in the Unites States. Our

study also highlights the significant role played by UNOS and Organ

Procurement and Transplantation Network Ad Hoc Disease Trans-

mission Advisory Committee to collect medically useful data while

providing surveillance for any possible adverse events during this

unique pandemic.9,20 As the transplant community struggles with

longer waitlist times and increased mortality among those awaiting

transplant, efforts are needed to expand the donor pool. This includes

a considering transplantation of organs from “marginal donors” and

xenotransplantation.21,22 The uses of COVID+ donors offer another

way to expand the availability of organs for transplantation. During the

Omicron wave, these COVID+ donors included unvaccinated younger

patientswho had a significantly higher risk of hospitalization and death

from COVID.23,24 Patients who were hospitalized and/or died of other

causes, butwere incidentally found to be positive for SARS-CoV-2, also

become potential organ donors.25 The only factor precluding donation

of organs in this groupwas a positive COVID test.

Successful transplantationof organs fromaCOVID+donor requires

a collaboration between various team members who can carefully

assess the quality of the donor organ, define the risk of transmission

to recipient, and then match it with the right recipient. In an oth-

erwise medically suitable COVID+ donor, these considerations may

include donor clinical presentation, radiological findings, viral burden

as measured by cycle threshold value from NAT, duration of test pos-

itivity, prior treatment of COVID, prior COVID-vaccination, current

circulating viral strains as well as indirect complications of COVID-like

thrombotic events thatmay involve various end-organs. Recipient con-

siderations include the probability of death on thewaitlist, poor quality

of life with a long-anticipated wait time, highly immunologically sensi-

tized candidate with limited donor pool, prior history of COVID, prior

COVID-vaccination status, and the availability of adequate riskmitiga-

tion options. This personalized risk-benefit analysis is then discussed

with the carefully selected recipient, and after appropriate consent and

team agreement, the decision is made to proceedwith the transplant.

Among the COVID+ donors, the long-term impact of increased CIT

and increased rates ofDCDneed to be evaluated further. The only data

presently bearing on this question come from a single center study,

in which outcomes among recipients of COVID+ or COVID− donors

were comparable at 6-month and 1-year follow-up.26 Our results

regarding the medical suitability of organs from COVID+ donors, in

the absence of current evidence of transmission of infection to non-

lung transplants recipients, and with encouraging short-term recipient

outcomes suggest a path toward a larger organ donation pool.

5 LIMITATIONS

Our study was retrospective in nature and did not include all infor-

mation that could have potentially influenced transplant-related out-

comes. The follow-up period was limited and variability in the quality

of data was possible, as information was entered at a wide variety of

centers. Data regarding onset and duration of symptoms in COVID+

donors as well as vaccination status of donors/recipients and possible

COVID-related treatments and immunosuppression therapies (induc-

tion and maintenance) were not available. Nor were all possible data

relating to clinical characteristic of organ recipients from COVID+

donors present in the database.We did not have access to information

regarding SARS-CoV-2 test characteristics, including cycle threshold

values and test platforms or the duration of test positivity prior to

transplant. We therefore relied on a positive test within 14 days of

transplant as a surrogate marker for recent COVID illness. We only

included donors with an SARS-CoV-2 NAT positive result from respi-

ratory tract while excluding donors with antigen alone positive test or

an NAT positive result from non-respiratory sites. Our analysis also

included multi-organ transplant recipients of COVID+ donors, as the

study-focus was on utilization of every transplanted organ, its qual-

ity, utilization, and graft-related outcomes. We cannot fully exclude

the possibility that such unaccounted factors in the UNOS database or

sampling methods could have influenced outcomes. Missing data are

explained further in Table S7. Finally, we acknowledge that the small

number of kidney–pancreas and heart transplants or patients in other

subgroups may have limited our ability to detect certain differences in

outcomes. Due to the sample size, only univariate analyses of outcome

measures were employed.

6 CONCLUSIONS

Results from the UNOS database indicate that the center-wide accep-

tance rate of organs from COVID+ donors is increasing but is variable

with current rates of 25% for heart, 41% for kidney, and 51% for liver

transplants. As advances in prevention and treatment are achieved and

long-term safety data become available, a positive COVID test in an
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otherwise medically suitable donor may not remain a contraindication

for non-lung SOT.
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