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Abstract
Purpose of Review  As the prevalence of individuals with recovered coronavirus disease 2019 (COVID-19) increases, deter-
mining if and when organs from these donors can be safely used is an important priority. We examined current knowledge 
of outcomes of transplant using donors with recovered COVID-19.
Recent Findings  A literature search of PubMed and Google scholar databases was conducted to identify articles with terms 
“SARS-CoV2,” “COVID-19,” “donor recovered,” and “transplantation” published through 08/10/2021. We identified 25 
reports detailing 94 recipients of both abdominal and thoracic transplants from donors with both prior and active COVID-19 
infection. Rates of transmission to the recipient and of transplanted organ dysfunction were low among reports of donors with 
prior COVID-19 infection. End organ dysfunction and transmission were more common with active infection, although few 
reports are available. Standardized reporting is needed to better assess the impact of donor symptomatology, cycle thresholds, 
and individual recipient risk factors on postoperative outcomes.
Summary  Available reports suggest that transplantation from COVID-19 donors may be feasible and safe, at least in short 
term follow-up. Nevertheless, there is a need for standardized testing and management protocols which should be tailored for 
available resources. While increased availability of COVID-19 vaccinations will mitigate risks of donor-derived COVID-19 
and simplify management, continued vigilance is warranted during the ongoing public health emergency.

Keywords  COVID-19 · SARS-CoV-2 · Living donors · Deceased donors · Organ donation · Transplantation · Screening · 
Pandemic
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OPTN	� Organ Procurement and Transplantation 
Network

PCR	� Polymerase chain reaction
RT-PCR	� Reverse real-time polymerase chain 

reaction
SARS-CoV-2	� Severe acute respiratory syndrome corona-

virus 2
URT​	� Upper respiratory tract

Introduction

The coronavirus disease 2019 (COVID‐19) pandemic sub-
stantially impacted organ donation, including donor evalua-
tion and selection, candidacy for and timing of transplanta-
tion, and clinical management after transplantation [1–9]. 
The global impact of COVID-19 in transplantation has 
been most severe in regions with highest COVID-19 bur-
den and fewest resources [10, 11]. Case series, cohort stud-
ies, and database analyses have demonstrated that severe 
acute respiratory syndrome coronavirus (SARS-CoV-2) 
infection-associated mortality is higher in organ transplant 
recipients compared to the general population [12–14]. As 
the prevalence of COVID-19 rises, transplant centers across 
the world must balance the need to continue live-saving 
transplantation against the concern for the risk of donor-
derived COVID-19 infection [11]. To maintain transplant 
volumes without compromising safety in the COVID-19 
era, a number of factors must be examined. These include 
the criteria for accepting organs with suspected, confirmed, 
or cleared COVID-19 infection; the probability of waitlist 
mortality without transplantation; the timing of recipient 
vaccination with regard to transplant and the appropriate 
precautions after vaccination; the ideal immunosuppres-
sion regimen; and the treatment protocol should COVID-
19 infection occur. To date, multiple professional societies 
including the American Society of Transplantation (AST), 
the British Transplantation Society, the International Society 
for Heart and Lung Transplantation, The Transplantation 
Society (TTS), and the Indian Society of Organ Transplan-
tation (ISOT) have worked to generate frequently updated 
guidance for transplant practice in the context of an evolving 
pandemic [15–19]. In this review, we examine the state of 
current evidence related to the safety of transplantation from 
donors with prior or current COVID-19.

Review Methodology

A literature search was conducted of several comprehen-
sive databases including MEDLINE, PubMed Central, 
and Google Scholar on 8/10/2021 for published research 

articles using the search terms of “SARS-CoV-2,” “COVID-
19,” “donor recovered,” “transplantation,” and “COVID-19 
recovered,” “SARS-CoV-2 recovered” with no language or 
date restrictions. Studies were examined for relevance. The 
sole inclusion criterion was containing information on the 
post-transplant course of a recipient who had received an 
organ from a donor either currently or previously infected 
with COVID-19. Of the 1,182 studies extracted, 25 reports 
of 94 recipients contained information relevant to our 
review. One report was excluded for detailing a duplicate 
case. An additional SRTR review was excluded due to the 
possibility of duplicate reporting of published cases.

Donor Testing Utility and Accuracy

The use of organs during the pandemic relies on readily avail-
able, reliable, and accurate donor COVID-19 testing, along 
with accessible communication of testing results to transplant 
teams [5]. Currently, testing specimens can be obtained from 
several sources, with lower respiratory tract (LRT) samples 
demonstrating higher viral loads and therefore more likely 
to yield positive tests than upper respiratory tract (URT) 
specimens [20]. The highest rates of positive tests have 
been obtained from broncheoalveolar lavage (BAL) speci-
mens (95% positive) versus sputum (72%) and oropharyn-
geal swab (32%) [20]. The sensitivity and specificity of tests 
from different specimen sources are difficult to specify as 
they vary depending on the source and the platform. Antigen 
and serology testing are available; however, in the setting of 
pre-transplant screening, nucleic acid amplification testing 
is recommended and preferred as per AST guidelines [15].

With a wide variety of specimen sources available for 
testing, the need for an accurate diagnosis must be balanced 
against the need for safety. Although LRT specimens more 
frequently detect viral particles than URT specimens, the BAL 
necessary to obtain these specimens is an aerosolizing pro-
cedure, which carries increased risk of transmitting disease 
to all persons present in the room [21]. As of March 2021, 
only 50–60% of potential lung donors were undergoing LRT 
testing prior to donation. Following a series of four cases of 
lung donors with negative nasopharyngeal specimens and 
subsequently positive LRT specimens obtained from BAL, 
the OPTN Ad Hoc Disease Transmission Advisory Commit-
tee approved a proposal for emergency action mandating that 
all potential lung donors undergo LRT testing [22]. For non-
lung donors, AST guidelines recommend at least one negative 
COVID-19 test from the respiratory tract within the three days 
prior to donation [15].

Samples are evaluated through reverse transcriptase 
polymerase chain reaction (RT-PCR) with the potential to 
utilize the cycle threshold in the decision-making process. 
RT-PCR cycle threshold (Ct) values refer to the number of PCR 
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cycles needed to amplify the viral nucleic acid to a detectable 
level; lower Ct levels—indicating less amplification required—
correlate with higher viral density [23]. These values were 
initially identified as a potential marker of active COVID-19 
infection. However, not all tests produce an actual value; of 
those that do, the values are not necessarily comparable given 
the possibility of different targets. Current approved tests under 
emergency use authorization (EUA) by the US Food and 
Drug Administration (FDA) are qualitative assays that target 
multiple different SARS-CoV-2 genes simultaneously, allowing 
each target to generate a different Ct value from the same 
specimen. These tests are not constructed to report a quantitative 
measurement of nucleic acid in a sample due to the lack of 
standardized controls of known concentration, as well as the poor 
optimization of linear relationships between the Ct value and the 
concentration of target nucleic acid in the specimen. Finally, the 
blood is the ideal specimen for quantitative viral load testing; 
respiratory specimens are less ideal due to inherent variability 
of the collection process and testing. In acknowledgement of 
the wide variability of Ct values, IDSA-AMP has released a 
statement including the wide variety of factors that affect the 
Ct values. These include patient factors (symptoms, immune 
status, and age), specimen factors (collection method, specimen 
type, transport and storage conditions), and test factors (sample 
volume, gene target, primer/probe design, nucleic acid extraction 
and amplification efficiency) [24].

Donor testing is currently performed using a number of 
possible specimens; blood and BAL specimens have the high-
est likelihood of capturing a positive COVID-19 test in the 
donor. At least one negative test from the URT is advised for 
non-lung donors; a negative LRT specimen is mandatory for 
assessing the infectious status of potential lung donors. Ct 
values may be useful for trending in the same patient if other 
variables remain fixed (constant specimen type, use of same 
machine, same target evaluated), but are not yet thought to be 
reliable for comparing degree of infection among Sars-CoV-
2-positive patients.

Infectious Outcomes in Donors 
with Resolved SARS‑CoV‑2 Infection

Although some evidence shows that many centers are will-
ing to consider organs from donors with prior COVID-19 
infection, acceptance patterns and protocols are not stand-
ardized among centers. A national survey of US living 
donor kidney transplant programs between 9/2020 and 
11/2020 demonstrated wide variability in acceptance of 
organs from living donors with evidence of prior COVID-
19 infection across the responding centers (n = 115) [8]. 
Overall, 42 living donations from individuals with cleared 
COVID-19 infection were identified. Over 93% of centers 
were willing to allow living donors who had previously 

experienced COVID-19 infection to donate, although almost 
40% were only willing to consider donation on a case-to-
case basis. The majority of centers (50.8%) preferred to wait 
at least three months after donor recovery from COVID-19 
before proceeding with transplantation. The most common 
reason for excluding potential living donors with recovered 
COVID-19, endorsed by 59.8%, was a history of either 
current or resolved acute kidney injury (AKI). However, 
no literature has evaluated program willingness to accept 
organs from donors with active Sars-CoV-2 infection. For 
living donors with a history of COVID-19, AST recom-
mends considering donation if the donor is at least 28 days 
from symptom resolution with a negative NAT [16].

Multiple case reports and three case series have shown 
acceptable infectious outcomes in recipients of non-lung 
organs from donors with resolved SARS-CoV-2 infection 
(Tables 1 and 2). Reports detail the postoperative course of 
the recipients of 45 kidney transplants (Table 1), 14 liver 
transplants (Table 2), and 6 heart transplants (Table 3) from 
55 donors with prior COVID-19. The median time from first 
documented PCR-confirmed infection to time of organ dona-
tion was 54 days (range 3–140). In all cases but one, the 
donors’ symptoms were absent or mild. None of the trans-
plants resulted in symptomatic COVID-19 transmission to 
the recipient; however, not all the recipients were tested in 
the absence of symptoms to confirm that transmission had 
not occurred. Notably, few recipients were considered to 
have any degree of Sars-CoV-2 immunity: fifteen recipients 
were reported to have had prior COVID-19, and an addi-
tional three were at least partially vaccinated. Few were 
checked for neutralizing antibodies, and only one recipient 
was seropositive. A single liver recipient was reported to 
have respiratory failure in the context of multisystem organ 
failure [25], but three nasopharyngeal swabs were negative 
for COVID-19 post-transplant in this patient.

Use of lungs for transplantation from donors with prior 
COVID-19 appears more uncommon: three case reports 
have addressed lung transplantation from patients with 
recovered COVID-19 (Table 4). Ceulemans et al. [26] 
reported the first double lung transplant from a Donation 
after Circulatory Death (DCD) donor who had recovered 
from COVID-19 three months earlier and presented with 
a superior P/F ratio and negative testing. Two subsequent 
reports [27, 28] detailed cases in which the donor had been 
diagnosed 90 and 49 days before with similarly negative 
repeat testing, excellent lung function, and good postoper-
ative outcome. None of these recipients has tested positive; 
however, two of the three had been previously infected 
with Sars-CoV-2, causing their progression to lung trans-
plantation, and may have had a degree of immunity.

From the available evidence, it appears that use of both 
abdominal and thoracic organs from donors with prior 
COVID-19 is not associated with high rates of SARS-CoV-2 
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transmission to the recipient, as no cases have resulted in a 
demonstrated transmission.

Many variables remain unexamined regarding the safety 
of using non-lung organs from donors with recovered 
COVID-19. The impact of prior infection or vaccination, 
present in 18 of the 65 recipients, cannot be estimated from 
this data, especially in the absence of neutralizing antibody 
testing in the majority of cases.

Additionally, the studied sample includes patients largely 
at low risk of symptomatic or severe COVID-19: [10] the 
median age of the recipients examined is 39, and only three 
of the patients are older than 60 years of age. Few authors 
report the incidence of diabetes, hypertension, cardiac dis-
ease, and elevated body mass index (BMI) in these recipi-
ents, factors known to elevate the risk of COVID-19-as-
sociated illness and complications [29]. As not all of the 
recipients underwent COVID-19 testing postoperatively, 
patients may have experienced transmission resulting in 
undetected asymptomatic infection. Further data is neces-
sary to determine whether COVID-19 is more transmissible 
in higher risk recipients or may cause more severe illness in 
similarly immunosuppressed recipients of higher age and 
comorbidity index than the examined patients.

The dearth of reports of donors with prior severe COVID-
19 symptomatology suggests that organs have only been 
accepted from highly selected donors. Of the reviewed reports, 
only one donor [30] experienced COVID-19 characterized as 
severe based on profound respiratory failure; there was no evi-
dence postoperatively of COVID-19-associated injury or graft 
dysfunction. However, the degree of COVID-19 severity is not 
reported in a standardized fashion across the examined cases, 
limiting assessment of the impact of more critical illness on 
disease transmissibility. Longer-term follow-up and a standard-
ized characterization of the severity of donor COVID-19 is 
necessary to better understand the impact of prior Sars-CoV-2 
infection on solid organ transplant recipients.

Infectious Outcomes in Organ Recipients 
from Donors with Active SARS‑CoV‑2 
Infection

Many organ procurement organizations responded to the 
onset of the pandemic with rapid implementation of donor 
testing and reporting policies [5]. In most cases, organs 
from donors with active COVID-19 were not transplanted. 
However, negative donor serology does not guarantee 
absence of infection, and some organs were transplanted 
from Sars-CoV-2-positive donors after false negative test-
ing. Additionally, some organs from Sars-CoV-2-positive 
donors were transplanted intentionally, either to recipi-
ents with evidence of prior infection or to COVID-19-na-
ïve recipients considered at too high a risk of waitlist Ta

bl
e 

1  
(c

on
tin

ue
d)

A
ut

ho
r

D
on

or
Re

ci
pi

en
t

Ty
pe

Ti
m

e 
fro

m
 d

ia
gn

os
is

 
(d

ay
)

In
fe

ct
io

n 
do

cu
m

en
-

ta
tio

n
Sy

m
pt

om
 se

ve
rit

y
Se

ru
m

 C
r

A
ge

Pr
io

r i
nf

ec
tio

n/
va

c-
ci

na
tio

n
Ig

G
G

ra
ft 

dy
sf

un
ct

io
n

Fo
llo

w
-u

p 
(d

ay
)

  K
ov

al
 e

t a
l.,

 Ju
ly

 2
02

1 
[6

1]

   
 1

D
D

0
N

P 
C

t N
R

M
ild

N
or

m
al

35 29
N

on
e

N
on

e
N

R
N

R
N

on
e

N
on

e
84

 (a
ll)

   
 2

D
D

3
N

P 
C

t 3
8–

40
M

ild
N

or
m

al
44 38

In
fe

ct
io

n
N

on
e

N
R

N
R

N
on

e
N

on
e

   
 3

D
D

1
N

P 
C

t N
R

M
ild

Se
ve

re
 A

K
I

66 55
Pa

rti
al

 v
ac

c
Fu

lly
 v

ac
c

N
R

N
R

N
on

e
D

G
F

   
 4

D
D

0
N

P 
C

t 3
1–

41
M

ild
N

or
m

al
24 41

Pa
rti

al
 v

ac
c

N
on

e
N

R
N

R
N

on
e

N
on

e
  F

ra
tta

ro
li 

et
 a

l.,
 Ju

ly
 2

02
1 

[6
2]

   
 1

D
D

0
N

P 
C

t 4
0.

2
A

sy
m

pt
om

at
ic

N
R

21 33
Pa

rti
al

 v
ac

c
N

on
e

N
R

N
R

N
on

e
N

on
e

84 84
  S

ig
le

r e
t a

l.,
 Ju

ly
 2

02
1 

[6
4]

   
 1

D
D

0
N

P 
C

t 2
9.

4
M

ild
N

R
27 28

Fu
lly

 v
ac

c
N

on
e

(-
)

(-
)

N
on

e
N

on
e

7 7

285Current Transplantation Reports (2021) 8:281–292



1 3

Ta
bl

e 
2  

L
iv

er
 tr

an
sp

la
nt

s 
fro

m
 d

on
or

s 
w

ith
 re

so
lv

ed
 o

r a
ct

iv
e 

SA
R

S-
C

oV
-2

 in
fe

ct
io

n.
 S

ym
pt

om
s 

ar
e 

co
ns

id
er

ed
 m

ild
 if

 p
re

se
nt

 b
ut

 n
ot

 li
fe

-th
re

at
en

in
g,

 a
nd

 s
ev

er
e 

if 
re

su
lti

ng
 in

 o
rg

an
 fa

ilu
re

. 
A

bb
re

vi
at

io
ns

: A
C

R​,
 a

cu
te

 c
el

lu
la

r 
r e

je
ct

io
n;

 B
AL

, b
ro

nc
he

oa
lv

eo
la

r 
la

va
ge

; B
W

, b
ro

nc
hi

al
 w

as
hi

ng
s;

 C
t, 

cy
cl

e 
th

re
sh

ol
d;

 d
, d

ay
s;

 D
D

, d
ec

ea
se

d 
do

no
r; 

LD
, l

iv
e 

do
no

r; 
M

SO
F,

 m
ul

ti-
sy

ste
m

 
or

ga
n 

fa
ilu

re
; N

P,
 n

as
op

ha
ry

ng
ea

l

A
ut

ho
r

D
on

or
Re

ci
pi

en
t

Ty
pe

Ti
m

e 
fro

m
 

di
ag

no
si

s 
(d

ay
)

In
fe

ct
io

n 
do

cu
m

en
ta

tio
n

Sy
m

pt
om

s
LF

Ts
A

ge
Pr

io
r i

nf
ec

tio
n/

va
cc

in
at

io
n

Ig
G

G
ra

ft 
dy

sf
un

ct
io

n
Fo

llo
w

-
up

 
(d

ay
)

Pr
io

r 
in

fe
ct

io
n

  N
ei

dl
in

ge
r e

t a
l.,

 N
ov

 2
02

0 
[2

5]
   

 1
D

D
98

N
P,

 B
A

L
M

ild
N

R
N

R
N

R
N

R
N

on
e

N
R

   
 2

D
D

38
N

P,
 B

W
M

ild
N

R
N

R
N

R
(-

)
N

on
e

21
   

 3
D

D
U

nk
no

w
n

N
P,

 B
A

L
A

sy
m

pt
om

at
ic

N
R

N
R

N
R

N
R

M
SO

F
30

   
 4

D
D

48
N

P,
 B

A
L

A
sy

m
pt

om
at

ic
N

R
N

R
N

R
N

R
N

on
e

14
  T

un
ce

r e
t a

l.,
 F

eb
 2

02
1 

[6
5]

LD
32

N
P

A
sy

m
pt

om
at

ic
N

or
m

al
60

In
fe

ct
io

n
N

R
N

on
e

16
  M

al
le

es
w

ar
an

 e
t a

l.,
 Ju

ly
 2

02
1 

[6
6]

   
 1

LD
92

N
R

(a
ll)

A
sy

m
pt

om
at

ic
(a

ll)
N

R
(a

ll)
41

7/
9 

N
on

e
2/

9 
In

fe
ct

io
n

N
R

(a
ll)

N
on

e
(a

ll)
75

   
 2

LD
72

9
30

   
 3

LD
64

47
60

   
 4

LD
53

2
30

   
 5

LD
27

48
12

0
   

 6
LD

15
8

30
   

 7
LD

49
12

45
   

 8
LD

22
35

30
   

 9
LD

87
3

30
A

ct
iv

e 
in

fe
ct

io
n

  H
ei

nz
 e

t a
l.,

 Ju
ne

 2
02

0 
[3

1]
LD

0
N

P
C

t N
R

M
ild

N
R

  <
 1

N
on

e
N

R
N

R
CO

V
ID

 h
ep

at
iti

s
30

  H
on

g 
et

 a
l.,

 O
ct

 2
02

0 
[4

0]
LD

0
N

P
C

t N
R

M
ild

N
R

57
N

on
e

N
R

H
ep

at
ic

 a
rte

ry
 th

ro
m

bo
si

s
69

  M
an

zi
a 

et
 a

l.,
 F

eb
 2

02
1 

[6
7]

D
D

0
N

P 
C

t 2
5–

27
N

R
N

R
33

In
fe

ct
io

n
( +

)
N

on
e

60
  D

ha
nd

 e
t a

l.,
 Ju

ne
 2

02
1 

[6
8]

D
D

0
N

P 
C

t 3
8.

5
M

ild
N

R
54

Fu
lly

 v
ac

c
N

R
N

on
e

28
  N

gu
ye

n 
et

 a
l.,

 A
ug

us
t 2

02
1 

[4
1]

LD
0

N
R

M
ild

N
R

24
N

on
e

(-
)

M
ild

 A
C

R
​

26
  B

ar
ro

s e
t a

l.,
 A

ug
us

t 2
02

1 
[6

9]
D

D
0

N
P 

12
.0

M
ild

N
R

48
In

fe
ct

io
n

N
R

N
on

e
12

0

286 Current Transplantation Reports (2021) 8:281–292



1 3

Ta
bl

e 
3  

H
ea

rt 
tra

ns
pl

an
ts

 fr
om

 d
on

or
s 

w
ith

 re
so

lv
ed

 o
r a

ct
iv

e 
SA

R
S-

C
oV

-2
 in

fe
ct

io
n.

 S
ym

pt
om

s 
ar

e 
co

ns
id

er
ed

 m
ild

 if
 p

re
se

nt
 b

ut
 n

ot
 li

fe
-th

re
at

en
in

g,
 a

nd
 s

ev
er

e 
if 

re
su

lti
ng

 in
 o

rg
an

 fa
ilu

re
. 

A
bb

re
vi

at
io

ns
: B

AL
, b

ro
nc

he
oa

lv
eo

la
r l

av
ag

e;
 C

t, 
cy

cl
e 

th
re

sh
ol

d;
 d

, d
ay

s;
 D

D
, d

ec
ea

se
d 

do
no

r; 
EF

, e
je

ct
io

n 
fr

ac
tio

n;
 N

P,
 n

as
op

ha
ry

ng
ea

l

A
ut

ho
r

D
on

or
Re

ci
pi

en
t

Ty
pe

Ti
m

e 
fro

m
 d

ia
g-

no
si

s (
da

y)
In

fe
ct

io
n 

do
cu

m
en

ta
tio

n
Sy

m
pt

om
s

EF
 (%

)
A

ge
Pr

io
r i

nf
ec

tio
n/

va
cc

in
at

io
n

Ig
G

G
ra

ft 
dy

sf
un

ct
io

n
Fo

llo
w

-
up

 
(d

ay
)

Pr
io

r 
in

fe
ct

io
n

  N
ei

dl
in

ge
r e

t a
l.,

 N
ov

 2
02

0 
[2

5]
   

 1
D

D
98

N
P,

 B
A

L
M

ild
N

R
N

R
N

R
N

R
N

on
e

42
   

 2
D

D
38

N
P,

 B
W

M
ild

N
R

N
R

N
R

(-
)

N
on

e
N

R
   

 3
D

D
U

nk
no

w
n

N
P,

 B
A

L
A

sy
m

pt
om

at
ic

N
R

N
R

N
R

N
R

N
on

e
N

R
A

ct
iv

e 
in

fe
ct

io
n

  R
ep

ar
az

 e
t a

l.,
 F

eb
 2

02
1 

[7
0]

D
D

0
N

P 
C

t 3
5–

37
M

ild
N

R
N

R
N

R
N

R
N

on
e

51
  D

ha
nd

 e
t a

l.,
 Ju

ne
 2

02
1 

[6
8]

D
D

0
N

P 
C

t 3
8.

5
M

ild
N

R
57

N
on

e
N

R
N

on
e

28
  S

ig
le

r e
t a

l.,
 Ju

ly
 2

02
1 

[6
4]

D
D

0
N

P 
C

t 2
9.

4
M

ild
N

R
21

N
on

e
N

R
N

on
e

7

Ta
bl

e  
4  

L
un

g 
tra

ns
pl

an
ts

 fr
om

 d
on

or
s 

w
ith

 re
so

lv
ed

 o
r a

ct
iv

e 
SA

R
S-

C
oV

-2
 in

fe
ct

io
n.

 S
ym

pt
om

s 
ar

e 
co

ns
id

er
ed

 m
ild

 if
 p

re
se

nt
 b

ut
 n

ot
 li

fe
-th

re
at

en
in

g,
 a

nd
 s

ev
er

e 
if 

re
su

lti
ng

 in
 o

rg
an

 fa
ilu

re
. 

A
bb

re
vi

at
io

ns
: A

R,
 a

cu
te

 re
je

ct
io

n;
 B

AL
, b

ro
nc

he
oa

lv
eo

la
r l

av
ag

e;
 B

W
, b

ro
nc

hi
al

 w
as

hi
ng

s;
 C

t, 
cy

cl
e 

th
re

sh
ol

d;
 d

, d
ay

s;
 D

D
, d

ec
ea

se
d 

do
no

r; 
EF

, e
je

ct
io

n 
fr

ac
tio

n;
 N

P,
 n

as
op

ha
ry

ng
ea

l; 
PO

D
, 

po
sto

pe
ra

tiv
e 

da
y

A
ut

ho
r

D
on

or
Re

ci
pi

en
t

Ty
pe

Ti
m

e 
fro

m
 

di
ag

no
si

s 
(d

ay
)

In
fe

ct
io

n 
do

cu
m

en
ta

tio
n

Sy
m

pt
om

s
Lu

ng
 fu

nc
tio

n
A

ge
Pr

io
r i

nf
ec

-
tio

n/
va

cc
in

a-
tio

n

Ig
G

G
ra

ft 
dy

sf
un

ct
io

n
Fo

llo
w

-
up

 
(d

ay
)

Pr
io

r 
in

fe
ct

io
n

  C
eu

le
m

an
s e

t a
l.,

 M
ar

ch
 2

02
1 

[2
6]

D
D

90
BA

L
M

ild
Pa

O
2 

40
2 

m
m

H
g

61
N

on
e

N
R

M
in

im
al

 A
R

53
  K

im
 e

t a
l.,

 Ju
ly

 2
02

1 
[7

1]
D

D
90

BW
M

ild
Pa

O
2 

40
2 

m
m

H
g

56
In

fe
ct

io
n

N
R

N
on

e
90

  Q
ue

rr
ey

 e
t a

l.,
 Ju

ly
 2

02
1 

[2
8]

D
D

49
BA

L
M

ild
P/

F 
ra

tio
 2

80
–4

74
65

In
fe

ct
io

n
N

R
N

on
e

40
A

ct
iv

e 
in

fe
ct

io
n

  K
um

ar
 e

t a
l.,

 M
ar

ch
 2

02
1 

[3
2]

D
D

0
N

P 
ne

ga
tiv

e
BW

 (P
O

D
 0

) C
t 2

6–
28

A
sy

m
pt

om
at

ic
N

R
70

N
R

N
R

Pr
ol

on
ge

d 
in

tu
ba

tio
n

25

  K
au

l e
t a

l.,
 M

ar
ch

 2
02

1 
[3

3]
D

D
0

N
P 

ne
ga

tiv
e

BA
L 

(P
O

D
 3

) C
t 8

.1
M

ild
N

R
N

R
N

R
N

R
G

ra
ft 

fa
ilu

re
61

287Current Transplantation Reports (2021) 8:281–292



1 3

mortality to wait for an uninfected donor. Transplantation 
of non-lung allografts from donors actively infected with 
SARS-CoV-2 at the time of organ procurement comprises 
26.4% of the examined cases.

Fifteen donors yielding a total of 25 transplanted 
organs (16 kidneys, six livers, and three hearts) have been 
described. None of the donors presented with severe infec-
tion. Of the recipients, twenty patients were intentionally 
transplanted with non-lung organs from donors with active 
SARS-CoV-2 infection (Tables 1, 2, and 3). As many as 
eleven of these recipients may have had some degree of 
COVID immunity, as three of the recipients had prior 
COVID-19 and six were at least partially vaccinated; addi-
tionally, two recipients were themselves actively infected 
with SARS-CoV-2 as confirmed by PCR. Among these 
recipients, no transmissions have occurred.

Five recipients were transplanted unintentionally when 
COVID-19 testing resulted positive after transplantation 
had occurred. Of the recipients unintentionally exposed by 
missed donor infection, one liver recipient developed posi-
tive PCR testing postoperatively and has been presumed 
a donor-derived infection [31]. The recipient additionally 
developed COVID-associated hepatitis in the transplanted 
split liver allograft. However, the transplant took place at 
the start of the pandemic before widely available testing, 
and neither recipient nor donor was tested pre-transplant. 
In addition, the donor was the mother of the recipient and 
in close contact with the patient prior to transplantation; it 
is difficult to exclude transmission having occurred pre- or 
post-operatively rather than through organ transmission. 
Finally, both donor and recipient tested positive days after 
the transplant had occurred, raising the possibility that 
both had acquired the infection within their hospital stay.

While no reports have been made of the intentional 
transplantation of Sars-CoV-2-infected lungs, two recipi-
ents have received lung allografts from actively infected 
donors with poor outcomes (Table 4). In the first case [32], 
the donor presented without COVID-19 symptoms and 
nasopharyngeal PCR tests resulted negative twice prior 
to donation. However, intra-operative bronchial wash-
ings during the recipient transplantation were positive 
for COVID-19 PCR; the recipient remained persistently 
positive after transplantation and has developed respira-
tory failure with bilateral airspace disease persistent to 
two months post-transplantation. The second [33] had a 
similar course: the donor presented with a cerebrovascular 
accident and was noted to have a right lower lung con-
solidation attributed to atelectasis with no other COVID-
19 symptoms. Nasopharyngeal PCR was negative, and 
the lungs were transplanted; on post-operative day 2, the 
recipient had worsening respiratory distress and cardio-
genic shock, prompting COVID-19 testing with a low-level 
positive result. The recipient developed multisystem organ 

failure and care was withdrawn at two months post-trans-
plant. Of note, in neither of these cases was donor BAL 
NAT performed or required prior to lung procurement 
from the donor.

All lung recipients who received Sars-CoV-2-positive 
organs immediately developed positive NAT and COVID-
19-related end-organ dysfunction. ACE-2 receptors, the 
target of the SARS-CoV-2 virus [34], are expressed more 
densely in the lungs than other tissues [35], which may favor 
easier transmission from infected lung donors. Based on the 
limited information examined here, use of infected lungs 
should be avoided until more data is gathered. Additionally, 
given the higher incidence of ACE-2 receptors in the lower 
respiratory tract and the viral persistence there after naso-
pharyngeal clearance [28], proceeding with lung transplanta-
tion after a negative nasopharyngeal swab without further 
lower respiratory tract investigation should be avoided.

The presence of neutralizing antibodies was considered 
by the authors who intentionally used Sars-CoV-2-positive 
organs as a safety valve for transplanting infected allografts; 
however, given the development of Sars-CoV-2 variants 
which may evade antibody protection [36], confidence in 
antibody protection to allow safe use of organs from Sars-
CoV-2-positive donors may be premature.

Graft Outcomes

Due to the relative novelty of the SARS-CoV-2 pandemic 
and the rarity of organ use from donors with prior or active 
COVID, long-term graft outcomes cannot yet be assessed. 
Some evidence suggests that even in the absence of severe 
disease, patients who develop COVID-19 have a higher inci-
dence of delayed development of end-organ dysfunction. A 
retrospective cohort study of over 47,000 patients demon-
strated increased rates of diabetes and cardiovascular disease 
in patients with prior COVID-19 [37]. Similarly, markers of 
compromised renal function have been detected in other post-
COVID patients, even in those whose symptomatology had 
not included acute kidney injury [38]. The possibility of occult 
organ dysfunction in patients with active or resolved COVID-
19 should be a factor in considering organ acceptance.

Graft dysfunction in recipients of donors who have recov-
ered from COVID-19 is uncommonly reported in the cases 
examined. Among kidney recipients (Table 1) of donors who 
have recovered from COVID-19, a single case of delayed graft 
function (DGF) was reported [25], corresponding to an inci-
dence of 2.2%. A large-series report of 31 living donor kidney 
transplants from COVID-19-cleared donors in India published 
by Kute et al. [39] made note of 100% graft and patient sur-
vival, a low acute cellular rejection rate of 6.4%, and a median 
serum creatinine of 1.0 mg/dL with no cases of delayed graft 
function. Among those who received kidney allografts from 
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donors with active COVID-19 infection, the incidence of DGF 
is higher at 18.75% (Table 1). Notably, Koval et al. described 
a 33-year-old Sars-CoV-2-positive donor with a terminal 
creatinine of 5.7 mg/dL, both of whose kidneys were trans-
planted; the recipient creatinine measurements at 12 weeks 
were 1.4 mg/dL and 1.1 mg/dL, respectively, suggesting that 
it is possible to achieve good outcomes in a young donor with 
COVID-induced AKI. However, sample sizes are too limited 
to draw conclusions, and data on cold ischemic time, donor 
age, and other relevant factors are commonly unreported, lim-
iting the generalizability of the data.

Among the 14 recipients of livers from donors with 
cleared infection (Table 2), a single case of multisystem 
organ failure—including liver allograft dysfunction—was 
reported [25]. In that patient, multiple postoperative naso-
pharyngeal swabs were negative for Sars-CoV-2, indicating 
that the organ damage was independent of active infection 
but not ruling out the possibility of COVID-19 sequelae. Of 
six recipients of livers from actively infected donors, three 
reported graft complications: one hepatic artery thrombosis 
[40], ascribed to technical factors; one mild presumed acute 
cellular rejection; [41] and one biopsy-proven COVID-19 
hepatitis [31].

No graft dysfunction has been reported in recipients of 
heart or lung allografts from donors with cleared COVID-
19 infection (Tables 3 and 4). However, as described above, 
case reports document catastrophic outcomes of lung trans-
plantation from actively infected donors, emphasizing the 
need for avoidance or substantial caution.

Persistence of SARS‑COV‑2 in Organ Tissue 
and Associated Dysfunction

COVID-19 is characterized most frequently by an acute res-
piratory illness, but multiple studies suggest the presence 
of virus in other organs, particular kidneys. Entry of the 
virus into cells is facilitated by multiple genes, including 
most prominently that expressing the Angiotensin Convert-
ing Eznyme (ACE-2) receptor [42]. The ACE-2 receptor is 
found in vascular endothelium in type I and II pneumocytes 
and in smooth muscle cells of the pulmonary vasculature, 
but it has also been demonstrated in epithelial cells of the 
bile duct, heart, intestine, and kidneys [43]. The presence of 
the ACE-2 receptor provides a gateway for the virus and sug-
gests that these tissues may carry viral particles in patients 
with demonstrated SARS-CoV-2 infection.

Few studies have substantiated the presence of viral par-
ticles within fluids and tissues. Clinical samples sometimes 
display evidence of viral presence: SARS-CoV-2 appears 
rarely in the blood, seen in 1–15% of patients with severe 
infection [20, 44]; but RNA has also been detected in the 
stool [20] and in urine [45]. Viral particles and high levels 

of RNA have been isolated from lung tissue [42, 46, 47];  
exponentially lower levels of RNA have been detected in the 
kidneys, liver, and heart tissues [42];  Viral particles require 
electron microscopy to detect; no studies have detected 
SARS-CoV-2 particles in the liver or pancreas [48] and only 
a single study has identified virions in the myocardium [49], 
but microscopy has detected the virus in several instances in 
every compartment of the kidney [42].

The presence of viral RNA in organ tissue is concerning 
both for transmission of the disease and for the unknown 
long-term organ-specific sequelae of COVID-19. Even in 
cases with no damage to the transplantable organ, it has not 
yet been determined whether subclinical damage that may 
later become clinically significant has occurred. Microscopic 
proteinuria has been demonstrated in the setting of normal 
creatinine in non-transplant patients who have previously 
recovered from COVID-19 [50]. Similarly, low estimated 
glomerular filtration rate at 6 months after recovery from 
COVID-19 has been reported in patients who did not expe-
rience acute kidney injury during their index admission for 
COVID infection [38].

Further study is needed to determine the long-term clini-
cal impact of COVID-19 on organ function and whether 
accepting allografts from infected donors will affect post-
transplant outcomes.

Ideal Immunosuppression Regimen 
in Donation with COVID‑19 Donors

Currently, there are no evidence-based recommendations 
for managing immunosuppression in the context of the pan-
demic, either for prevention or as part of the management of 
patients with confirmed COVID-19. The AST has stated that 
the decision to reduce immunosuppression during the pan-
demic should consider the balance between disease severity 
and risk of rejection [16].

Survey studies have demonstrated a trend toward the 
decreased use of depleting antibodies for induction therapy 
in general during the COVID era [51, 52]. The consequences 
of such modification are yet to be determined; however, a 
UNOS review comparing early post-transplant outcomes by 
immunosuppression regimen during the pandemic era showed 
no change in mortality with the use of lymphocyte depleting 
agents [51].

In cases of transplantation from donors with prior 
COVID-19, there is no specific regimen which should be 
uniformly applied. In the studies reviewed, induction therapy 
was omitted entirely in two cases [53–55]; in the remain-
ing cases, the immunosuppression regimen was either 
unchanged or not reported.

At this time, no evidence supports changing post-trans-
plant induction or maintenance immunosuppression in the 
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case of donor infection; however, many programs prefer-
entially omit induction immunosuppression or use a non-
depleting form of induction in recipients either suspected of 
or confirmed to have COVID-19 infection [51].

Society Guidelines and Recommendation 
for Transplantation from COVID‑19 Donors

The AST offers considerations for proceeding in light of a 
positive test from a previously infected potential donor if 
(1) the donor is between 21 and 90 days from initial symp-
toms, (2) symptoms have resolved, and (3) an infectious 
disease expert is consulted [15, 56]. These recommenda-
tions acknowledge that positive RT-PCR tests beyond this 
timeframe from asymptomatic patients most likely represent 
persistent viral shedding of little significance rather than 
active infection.

Ritschl et al. [57] identified 19 national organ societies 
with position statements in December 2020 on the use of 
organs from donors with COVID-19. Sixteen of these soci-
eties strongly supported avoidance of organs from donors 
with positive testing or a high clinical suspicion of infec-
tion. Although only three societies recommended proceeding 
with transplantation using organs from donors with resolved 
infection, most did not comment, and none recommended 
against the use of these allografts. With the mounting data 
on the use of organs from donors with prior or current 
COVID-19 and the increasing availability of vaccination, 
professional society guidelines may be updated serially over 
time.

Conclusions

Available evidence suggests that organ use may be safe from 
donors who have recovered from COVID-19 and have nega-
tive testing; case reports and series to date have shown no 
increase in adverse outcomes and no donor-derived infec-
tions with these allografts. The AST recommends waiting 
21–90 days [15] after an initial diagnosis of COVID-19 prior 
to considering organs from donors with resolved infection, 
and most of the cases published to date followed this time-
frame. While a shorter timeframe may be safe in some care-
fully selected donors with currently negative testing, current 
data on such practice is limited, and caution and recipient 
informed consent is advised.

Few reports and no series or trials have examined the 
outcomes of using organs from donors with active infection. 
No conclusions can be drawn on the transplant-specific out-
comes of the use of non-lung organs with active infection, 
but donor-derived transmission has been reported and should 
be a considered a risk even for vaccinated recipients. The 
use of lung allografts from donors with active infection has 

been associated with unacceptable outcomes in two reported 
cases, and should be avoided in the absence of further evi-
dence. In addition, to avoid inadvertent transmission due 
to false negative URT testing, a LRT specimen should be 
obtained for every lung donor as is now mandated by the 
OPTN [22].

Efforts to optimize protocols for donor COVID-19 test-
ing, organ evaluation, and immunosuppression management 
in the recipient are critical priorities to support safe trans-
plantation during the pandemic. While increased availability 
of COVID-19 vaccinations will mitigate the risk of donor-
derived COVID-19, transplant physicians, primary care phy-
sicians, health educators and policy makers must collaborate 
to maximize access to and patient acceptance of vaccination 
prior to transplant [58], and evidence-guided use of boost-
ers in immunocompromised patients who begin vaccination 
after transplant [59].
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