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Abstract
Purpose of Review As the coronavirus disease 2019 (COVID-19) pandemic continues to surge, determining the safety and 
timing of proceeding with solid organ transplantation (SOT) in transplant candidates who have recovered from severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) infection and who are otherwise transplant eligible is an important con-
cern. We reviewed the current status of protocols and the outcomes of SOT in SARS-CoV-2 recovered patients.
Recent Findings We identified 44 published reports up through 7 September 2021, comprising 183 SOT [kidney = 115; 
lung = 27; liver = 36; heart = 3; simultaneous pancreas-kidney (SPK) = 1, small bowel = 1] transplants in SARS-CoV-2 recov-
ered patients. The majority of these were living donor transplants. A positive SARS-CoV-2 antibody test, although not 
obligatory in most reports, was a useful tool to strengthen the decision to proceed with transplant. Two consecutive real-time 
polymerase chain test (RT-PCR) negative tests was one of the main prerequisites for transplant in many reports. However, 
some reports suggest that life-saving transplantation can proceed in select circumstances without waiting for a negative RT-
PCR. In general, the standard immunosuppression regimen was not changed.
Summary In select cases, SOT in COVID-19 recovered patients appears successful in short-term follow-up. Emergency SOT 
can be performed with active SARS-CoV-2 infection in some cases. In general, continuing standard immunosuppression 
regimen may be reasonable, except in cases of inadvertent transplantation with active SARS-CoV-2. Available reports are 
predominantly in kidney transplant recipients, and more data for other organ transplants are needed.
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Introduction

The coronavirus disease (COVID-19) pandemic has posed 
major challenges to the practice of transplantation world-
wide [1•, 2]. The pandemic brought transplant activities 
to a standstill in different regions of the world, as per the 
regional COVID-19 toll and available resources [3]. The 
resumption of transplantation activities occurred in a 
staged and stepwise process with interruptions by COVID-
19 waves [4]. However, there were efforts by many trans-
plant teams to explore strategies for safely resuming 
transplantation activities within the initial phase of the 
pandemic.

Globally, as of 6 September 2021, there have 
been 220,563,227 confirmed cases of COVID-19 reported 
to the World Health Organization [5]. Such mammoth 
numbers are a matter of focus and concern for transplant 
teams, as it leads to a high numbers of COVID-19 recov-
ered patients requiring organ transplant as well as severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
exposure prevalence among organ donors. We recently 
reviewed use of organs from SARS-CoV-2 infected donors 
after recovery from SARS-CoV-2 [6]. From the candidate 
perspective, a daunting question has arisen: how and 
when is it safe to proceed to transplant after COVID-19 
infection? The answer to this is still not fully known and 
requires further review of the evidence.

An international registry study reported high rates 
of complications in general surgery patients with peri-
operative COVID-19 [7]. However, there are fewer such 
reports in the context of SOT. Notably, SOT recipients 
who contract COVID-19 in the early post-transplant period 
face an increased risk of adverse outcomes, suggesting 
that transplanting a patient with active or recently resolved 
COVID-19 may carry a higher rate of complications 
[8–10]. Hence, the decision to proceed with transplant 
after recent COVID-19 is a complex issue.

To advance understanding of this timely topic, we 
reviewed the available published evidence on SOT per-
formed in patients who have recovered from COVID-19. 
We extracted information on eligibility criteria, testing 
protocols, and clinical outcome in this context.

Kidney Transplantation After Recovery From 
COVID‑19

A total of 115 kidney transplants in patients who have 
recovered from COVID have been reported. The first case 
of living donor kidney transplantation (LDKT) where both 
donor and recipient recovered from COVID-19 illness was 

reported in Turkey in February 2021 [11]. Over follow-
up of 45 days, the authors reported no complications in 
the donor-recipient pair. Similar case reports followed 
from different areas of the world [12]. But the most com-
prehensive insight into this topic was documented in an 
Indian study that reported 75 LDKT in recipients who had 
recovered from COVID-19 [13•]. The clinical protocol 
in this series mandated at least two consecutive negative 
RT-PCR reports, an asymptomatic period of 28 days, and 
a normal chest x-ray before transplant. The median wait-
ing time from COVID-19 diagnosis until transplant was 
approximately 60 days in this report. A notable aspect 
of this cohort was that none of the patients had required 
mechanical ventilation during COVID-19 [14••]. How-
ever, the reported post-transplant follow-up was short, 
limiting assessment of long-term data. The same authors 
had previously reported 9 COVID-19 recovered donor-
recipient pairs, with similar outcomes and follow-up 
[13•]. More detailed data for deceased donor kidney 
transplantation (DDKT) in COVID-19 recovered candi-
dates came from a US report of 13 cases [15••], in which 
four patients had moderate to severe COVID-19, of which 
one required mechanical ventilation. Median waiting time 
post-COVID-19 was 71 days, and postoperative course for 
these patients at 3 months follow-up was reported to be 
uneventful (Table 1).

At some centers, transplant physicians have gradually 
shortened the waiting time from COVID-19 recovery to 
transplantation, and there are reports of transplants per-
formed in candidates who were still COVID-19 positive. 
In an Italian report, DDKT was performed in a candidate 
with recovered COVID-19 at 29 days after the first negative 
PCR, a significantly shorter waiting time than the previously 
described median 60–71 days [16]. Some transplants have 
been performed in patients with active COVID-19: there are 
five reports of kidney transplants in candidates with positive 
RT-PCRs, including those with high cycle threshold (CT) 
values [17, 18] as well as those with neutralizing antibod-
ies [19]. Additionally, successful simultaneous pancreas-
kidney transplant (SPK) after COVID-19 recovery has been 
reported [20]. The majority of the published data about 
LDKT in COVID-19 recovered patients is from develop-
ing nations, while DDKT reports predominate in developed 
countries, likely attributable to the fact that deceased dona-
tion is still in its infancy in the developing world; however, 
safety profiles appear similar for both.

A European study recently studied antibody response in 
hemodialysis patients and found the immune response varied 
with the severity of infection. They also reported a low level 
of seroresponse and waning of antibody response in follow-
up [21]. These data demonstrate that transplant candidates 
with previous COVID-19 are at theoretically more risk for 
re-infection or reactivation even after transplantation.

96 Current Transplantation Reports (2022) 9:95–107



1 3

Ta
bl

e 
1 

 K
id

ne
y 

tra
ns

pl
an

ta
tio

n 
in

 c
an

di
da

te
s 

w
ith

 re
co

ve
re

d 
or

 p
os

iti
ve

 S
A

R
S-

C
oV

-2
 in

fe
ct

io
n.

 C
O

V
ID

-1
9 

se
ve

rit
y 

w
as

 d
efi

ne
d 

as
 a

sy
m

pt
om

at
ic

 in
 c

as
es

 w
ho

 h
ad

 in
ci

de
nt

al
 d

et
ec

tio
n,

 m
ild

 
in

 th
os

e 
w

ith
 o

nl
y 

up
pe

r r
es

pi
ra

to
ry

 s
ym

pt
om

s, 
m

od
er

at
e 

w
he

n 
re

qu
iri

ng
 lo

w
 fl

ow
 o

xy
ge

n,
 a

nd
 s

ev
er

e 
in

 c
as

es
 w

ith
 h

ig
he

r o
xy

ge
n 

re
qu

ire
m

en
t. 

* =
 C

as
es

 w
hi

ch
 w

er
e 

RT
-P

C
R

 p
os

iti
ve

 a
t t

he
 

tim
e 

of
 tr

an
sp

la
nt

 s
ur

ge
ry

. A
bb

re
vi

at
io

ns
: C

O
VI

D
-1

9,
 c

or
on

av
iru

s 
di

se
as

e;
 C

K
D

, c
hr

on
ic

 k
id

ne
y 

di
se

as
e;

 C
T,

 c
yc

le
 th

re
sh

ol
d;

 D
M

, d
ia

be
te

s 
m

el
lit

us
; D

D
, d

ec
ea

se
d 

do
na

tio
n;

 E
SK

D
, e

nd
-s

ta
ge

 
ki

dn
ey

 d
is

ea
se

; F
, f

em
al

e;
 H

D
, h

em
od

ia
ly

si
s;

 IS
: i

m
m

un
os

up
pr

es
si

on
; L

D
, l

iv
in

g 
do

na
tio

n;
 M

, m
al

e;
 m

, m
on

th
s;

 M
M

F,
 m

yc
op

he
no

la
te

; n
RT

-P
C

R,
 re

al
-ti

m
e 

po
ly

m
er

as
e 

ch
ai

n 
te

st 
th

ro
ug

h 
na

so
-

ph
ar

yn
ge

al
 sp

ec
im

en
; M

N
, m

em
br

an
ou

s n
ep

hr
op

at
hy

; T
IN

, t
ub

ul
oi

nt
er

sti
tia

l n
ep

hr
iti

s;
 T

C
R ,

 T
 c

el
l r

ej
ec

tio
n

A
ut

ho
rs

n
Ty

pe
A

ge
/s

ex
C

au
se

 o
f 

ES
K

D
CO

V
ID

-1
9 

se
ve

rit
y

N
eg

at
iv

e 
nR

T-
PC

R
 

pr
io

r t
o 

tra
ns

-
pl

an
t

W
ai

tin
g 

tim
e 

af
te

r a
 n

eg
a-

tiv
e 

RT
-P

C
R

Ig
G

 a
nt

ib
od

y 
te

st
Pr

e-
Tr

an
s-

pl
an

t

D
on

or
’s

 
CO

V
ID

-1
9 

st
at

us

IS
 re

gi
m

en
O

ut
co

m
e

Fo
llo

w
-u

p

Si
ng

h 
N

 e
t a

l.,
Se

pt
 2

02
0 

[2
0]

1
D

D
66

/F
D

M
M

ild
 (h

om
e)

2 
ne

ga
tiv

es
 

(2
4 

h 
ap

ar
t)

3 
m

os
D

on
e 

(p
os

i-
tiv

e)
N

eg
at

iv
e

N
o 

ch
an

ge
U

ne
ve

nt
fu

l
7 

w
ks

Va
ro

tti
 e

t a
l.,

O
ct

 2
02

0 
[1

6]
1

D
D

28
/F

M
N

- C
K

D
M

ild
2 

ne
ga

tiv
e 

(4
8 

h 
ap

ar
t)

2 
w

ks
D

on
e 

(p
os

i-
tiv

e)
N

eg
at

iv
e

N
o 

ch
an

ge
E.

 c
ol

i i
nf

ec
-

tio
n

60
 d

W
ag

hm
ar

e 
I 

et
 a

l.,
D

ec
 2

02
0 

[1
2]

1
LD

46
/M

N
ot

 re
po

rte
d

Se
ve

re
 ≥

 2
3 

m
os

N
ot

 re
po

rte
d

N
eg

at
iv

e
N

o 
ch

an
ge

U
ne

ve
nt

fu
l

1 
m

os

K
an

ch
i e

t a
l.,

Ja
n 

20
21

 [6
6]

2
• 

D
D

• 
LD

• 
44

/M
• 

35
/F

• 
D

M
• 

CK
D

 
un

kn
ow

n

• 
Se

ve
re

• 
M

ild
• 

2 
ne

ga
tiv

es
• 

3 
ne

ga
tiv

es
• 

4 
w

ks
• 

6 
w

ks
. o

f 
CO

V
ID

-1
9 

di
ag

no
si

s

D
on

e 
(p

os
i-

tiv
e)

 in
 b

ot
h

• 
N

eg
at

iv
e

• 
Po

si
tiv

e
• 

N
o 

ch
an

ge
• 

N
o 

in
du

c-
tio

n

• 
U

ne
ve

nt
fu

l
• 

U
ne

ve
nt

fu
l

• 
15

 w
ks

• 
14

 w
ks

V
ia

na
 L

 A
 

et
 a

l.,
Ja

n 
20

21
* 

[6
1]

4
D

D
• 

34
/M

• 
27

/M
• 

41
/M

• 
65

/F

N
ot

 re
po

rte
d

• 
M

ild
• 

M
id

• 
A

sy
m

pt
o-

m
at

ic
• 

A
sy

m
pt

o-
m

at
ic

A
ll 

4 
ca

se
s 

w
er

e 
RT

-P
C

R
 

po
si

tiv
e 

re
tro

sp
ec

-
tiv

el
y 

af
te

r 
su

rg
er

y

-
N

ot
 d

on
e

N
eg

at
iv

e 
in

 
al

l
In

 3
 c

as
es

, 
M

M
F 

w
as

 
ha

lv
ed

Tw
o 

pa
tie

nt
s 

go
t T

C
R

 
1 

m
o

K
uc

uk
 e

t a
l.,

Fe
b 

20
21

 [1
1]

1
LD

31
/M

CK
D

 
un

kn
ow

n
M

ild
4 

ne
ga

tiv
es

30
 d

 a
fte

r 
re

co
ve

ry
D

on
e 

(b
ot

h 
ne

ga
tiv

e)
Po

si
tiv

e 
w

ith
 

m
ild

 il
ln

es
s

N
o 

ch
an

ge
N

on
e

45
 d

M
ur

ad
 e

t a
l.,

Fe
b 

20
21

* 
[1

8]

1
D

D
64

/F
A

lp
or

t s
yn

-
dr

om
e

M
ild

Po
si

tiv
e 

(h
ig

h 
C

T 
va

lu
e)

6 
w

ks
. a

fte
r 

CO
V

ID
-1

9
N

ot
 re

po
rte

d
N

eg
at

iv
e

N
o 

ch
an

ge
U

ne
ve

nt
fu

l
4 

m
o

Yo
sh

in
ag

a 
et

 a
l.,

M
ar

ch
 2

02
1 

[6
7]

1
D

D
49

/M
N

ot
 re

po
rte

d
M

od
er

at
e

3
3 

m
os

N
ot

 d
on

e
N

eg
at

iv
e

N
o 

ch
an

ge
U

ne
ve

nt
fu

l
95

 d

Re
ya

d 
A

l 
et

 a
l.,

M
ar

ch
 2

02
1 

[6
8]

1
D

D
65

/F
CK

D
 

un
kn

ow
n

Se
ve

re
3

46
 d

Po
si

tiv
e

N
eg

at
iv

e
N

o 
ch

an
ge

U
ne

ve
nt

fu
l

2 
m

os

K
ut

e 
et

 a
l.,

A
pr

il 
20

21
 

[1
3•

]

9 
of

 3
1

LD
M

ed
ia

n:
 3

9 
yr

Se
x:

M
:7

F:
2

H
TN

 a
nd

 D
M

• 
A

sy
m

pt
o-

m
at

ic
 (n

 =
 5)

• 
M

ild
 (n

 =
 4)

 ≥
 2

73
 (3

4–
92

) d
N

ot
 m

an
da

-
to

ry
A

ll 
do

no
rs

 
w

er
e 

CO
V

ID
-1

9 
re

co
ve

re
d

N
o 

ch
an

ge
U

ne
ve

nt
fu

l
44

 d

97Current Transplantation Reports (2022) 9:95–107



1 3

Ta
bl

e 
1 

 (c
on

tin
ue

d)

A
ut

ho
rs

n
Ty

pe
A

ge
/s

ex
C

au
se

 o
f 

ES
K

D
CO

V
ID

-1
9 

se
ve

rit
y

N
eg

at
iv

e 
nR

T-
PC

R
 

pr
io

r t
o 

tra
ns

-
pl

an
t

W
ai

tin
g 

tim
e 

af
te

r a
 n

eg
a-

tiv
e 

RT
-P

C
R

Ig
G

 a
nt

ib
od

y 
te

st
Pr

e-
Tr

an
s-

pl
an

t

D
on

or
’s

 
CO

V
ID

-1
9 

st
at

us

IS
 re

gi
m

en
O

ut
co

m
e

Fo
llo

w
-u

p

V
ill

an
eg

o 
F 

et
 a

l.,
M

ay
 2

02
1 

[6
9]

1
D

D
70

/M
C

hr
on

ic
 T

IN
A

sy
m

pt
o-

m
at

ic
3 

co
ns

ec
ut

iv
e 

ne
ga

tiv
es

3 
m

os
. a

fte
r 

fir
st 

+
 ve

D
on

e 
(p

os
i-

tiv
e)

N
eg

at
iv

e
N

o 
ch

an
ge

U
ne

ve
nt

fu
l

2 
m

os

Sa
nt

eu
sa

ni
o 

A
D

 e
t a

l.,
Ju

ne
 2

02
1 

[1
5•

• ]

13
• 

D
D

:1
0

• 
LD

: 3
M

ed
ia

n:
 

2.
8 

yr
Se

x:
84

%
 M

• 
H

TN
 (3

8%
)

• 
D

M
 (3

0%
)

• 
M

ild
 (n

 =
 9)

• 
M

od
er

-
at

e–
se

ve
re

 
(n

 =
 3)

• 
M

ec
ha

ni
ca

l 
ve

nt
ila

tio
n 

(n
 =

 1)

1 
N

eg
at

iv
e

M
ed

ia
n 

of
 7

1 
(5

6.
6–

13
5)

 
d

10
 o

ut
 o

f 
13

; a
nd

 
al

l r
ep

or
ts

 
po

si
tiv

e 
fo

r 
an

tib
od

ie
s

N
eg

at
iv

e
N

o 
ch

an
ge

U
ne

ve
nt

fu
l: 

no
 d

iff
er

-
en

ce
 v

s 
co

nt
ro

ls

3.
6 

m
os

Pu
od

zi
uk

ai
te

 
et

 a
l.,

Ju
ne

 2
02

1 
[1

9]

2
D

D
• 

38
/F

• 
36

/M
• 

D
M

• 
Ig

A
 

ne
ph

ro
pa

th
y

• 
M

ild
• 

A
sy

m
pt

o-
m

at
ic

1 
N

eg
at

iv
e

• 
2.

5 
m

os
. 

af
te

r 
CO

V
ID

-1
9

• 
2 

m
os

. a
fte

r 
CO

V
ID

-1
9

D
on

e 
(p

os
i-

tiv
e)

• 
RT

-
PC

R
 +

 ve
• 

M
ild

N
o 

ch
an

ge
U

ne
ve

nt
fu

l
3 

m
os

H
og

an
 e

t a
l.,

Ju
ly

 2
02

1*
 

[1
7]

1
D

D
8/

M
C

on
ge

ni
ta

l 
ne

ph
ro

tic
 

sy
nd

ro
m

e

A
sy

m
pt

o-
m

at
ic

Po
si

tiv
e 

w
ith

 
hi

gh
 C

T 
va

lu
e

A
ct

iv
e;

 R
T-

PC
R

 +
 ve

 
w

ith
 h

ig
h 

C
T 

va
lu

e

D
on

e 
(p

os
i-

tiv
e)

N
eg

at
iv

e
N

o 
ch

an
ge

U
ne

ve
nt

fu
l

44
 d

Tu
sc

he
n 

et
 a

l.,
Ju

ly
 2

02
1 

[7
0]

1
D

D
65

/F
Ig

A
 n

ep
hr

iti
s

M
od

er
at

e
3

65
 d

Po
si

tiv
e

N
eg

at
iv

e
N

o 
ch

an
ge

U
ne

ve
nt

fu
l

9 
m

os

K
ut

e 
et

 a
l.,

Ju
ly

 2
02

1 
[1

4•
• ]

75
LD

M
ed

ia
n:

 4
7 

(2
9–

72
)

Se
x:

 M
:2

3
F:

52

• 
N

ot
 re

po
rte

d
• 

In
di

ca
tio

n 
of

 e
ar

ly
 

tra
ns

pl
an

t: 
D

iffi
cu

lt 
va

sc
ul

ar
 

ac
ce

ss
 

(n
 =

 8)
 a

nd
 

se
ve

re
 le

ft 
ve

nt
ric

ul
ar

 
dy

sf
un

ct
io

n 
(n

 =
 12

); 
O

th
er

s:
 

Fi
na

nc
ia

l 
co

ns
tra

in
t 

fo
r c

on
tin

u-
in

g 
H

D

• 
A

sy
m

p-
to

m
at

ic
 

(n
 =

 17
, 

22
.7

%
)

• 
M

ild
 (n

 =
 3,

 
6.

48
%

)
• 

M
od

er
-

at
e 

(n
 =

 1,
 

5.
20

%
)

• 
Se

ve
re

 
(n

 =
 7,

 9
.3

%
)

 ≥
 2

M
ed

ia
n:

 6
0 

d;
In

cr
ea

se
d 

si
gn

ifi
-

ca
nt

ly
 fr

om
 

as
ym

pt
o-

m
at

ic
, m

ild
, 

m
od

er
at

e,
 

an
d 

se
ve

re
 

di
se

as
e 

(4
9,

 
57

, 8
3,

 9
4 

d;
 

P 
=

 0.
01

9)
, 

re
sp

ec
tiv

el
y

N
ot

 m
an

da
-

to
ry

CO
V

ID
-1

9 
re

co
ve

re
d 

do
no

rs
 

(n
 =

 16
)

N
o 

ch
an

ge
U

ne
ve

nt
fu

l
M

ed
ia

n:
 

81
 d

 
(5

6–
11

7)

98 Current Transplantation Reports (2022) 9:95–107



1 3

Lung and Heart Transplantation After 
Recovery From COVID‑19

There are reports of successful extracorporeal membrane 
oxygenation (ECMO) use as salvage therapy in severe 
COVID-19 [22, 23]. But there are also considerable num-
bers of COVID-19 cases who fail ECMO and are potential 
candidates for lung transplantation (LT). The first case 
series of LT in a SARS-CoV-2 recovered patient was 
reported in a US study, where 3 patients suffering from 
irreversible lung injury benefited from LT [24]. There 
are also a few reports of successful LT in other nations 
[25–28]. In general, conducting a LT in a recipient after 
recovered SARS-CoV-2 infection is relatively difficult 
compared to other SOT. The logistics involved in a suc-
cessful LT can be inferred from a report where a candidate 
with COVID-19 was transferred from Mexico to Korea for 
LT [29]. Some insight into the status of LT after recov-
ery from SARS-CoV-2 comes from a recently published 
multi-institutional series of 12 cases [30••]. The authors 
proposed criteria for LT in COVID-19 patients with end-
organ lung damage, suggesting that this procedure should 
be reserved for those aged < 65 years, and with approxi-
mately 4–6 weeks of irreversible lung injury. They also 
suggested two negative lower respiratory tract fluid RT-
PCRs, and early weaning of sedation in the post-transplant 
period to promote early recovery. They also favored double 
lung transplantation, as the majority of their cohort had 
superimposed pulmonary hypertension. In follow-up, the 
outcomes of LT in patients recovered from COVID have 
been encouraging [31].

Another complex procedure is a heart transplant in 
a COVID-19 recovered patient. The first such case was 
performed in the USA [32]. In another report, a heart re-
transplantation was performed in a patient in the recovery 
phase of COVID-19 with an RT-PCR positive report. The 
outcome was good but the patient remained SARS-CoV-2 
positive until day 44 of follow-up [33]. There is also a 
report of emergency heart transplantation in a patient who 
developed fulminant myocarditis related to COVID-19 
[34].

Liver Transplantation After Recovery From 
COVID‑19

The first and largest cohort of living donor liver trans-
plantation (LDLT) COVID-19 recovered patients was 
described in an Indian study [35••]. A US study described 
the first and largest series of deceased donor liver trans-
plantation (DDLT) in COVID-19 recovered patients 

[36••]. There are also case reports from different parts 
of the world [37–39]. There has not been consensus on a 
specific waiting time before transplant, but 4 weeks seems 
justified. However, many reports describe proceeding to 
transplantation with no waiting time as transplant was 
judged to be a life-saving procedure. Liver transplantation 
has also been offered to COVID-19 recovered recipients 
with other complicating factors, such as HIV [40] and very 
young age (Table 2) [41].

Similar to kidney transplantation, the need for an interval 
from COVID-19 clearance has been challenged. In Italy, a 
DDLT was performed in as early as 9 days after being diag-
nosed with asymptomatic COVID-19 and just 2 days after 
a negative RT-PCR; the outcome was uneventful [42]. In 
another Italian report, a decision to perform an emergency 
DDLT was made, using a COVID-19 positive donor. The 
recipient was RT-PCR positive but had neutralizing antibod-
ies [42]. In the USA, an emergency DDLT was performed in 
an RT-PCR positive critical COVID-19 patient. The decision 
to proceed was taken in view of his deteriorating liver illness 
and high CT values despite having no antibody response 
[43]. In the USA, an urgent DDLT was performed success-
fully in a patient who had COVID-19 illness for 2 months 
and was persistently RT-PCR positive at the time of trans-
plant [44]. In general, there have been no obvious COVID-
19 related complications in the follow-up of these cases. 
However, there are reports of portal venous thrombosis 
and hepatic artery thrombosis in two DDLT transplanted to 
COVID-19 recovered patients [45, 46]. Although the asso-
ciation of this complication with COVID-19 is not clearly 
delineated, it raises a word of caution. There are very few 
reports of reactivation or re-infection with COVID-19 fol-
lowing SOT in recovered patients. One such report dem-
onstrated repeated positive viral loads till 1 month of suc-
cessful DDLT. However, the patient remained asymptomatic 
throughout [47]. Post-COVID-19 cholangiopathy emerged 
as a new cause of chronic liver disease requiring transplanta-
tion in this pandemic [48, 49], but has not yet been reported 
as a complication of liver transplantation to COVID-19 posi-
tive recipients.

Deciding to Proceed to Transplantation: 
Weighing Risks vs Benefits

It is difficult to delineate any uniform guidelines for assess-
ing eligibility for transplant in COVID-19 recovered 
patients. Various international bodies have come up with a 
consensus for surgeries in recovered patients. The American 
Society of Anesthesiologists and Anesthesia Patient Safety 
Foundation Joint Statement on elective surgery, published 
on 8 December 2020, recommended 4 weeks waiting time 
for asymptomatic or mild cases; 6 weeks for hospitalized 
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patients; 8–10 weeks for patients hospitalized with co-
morbid conditions; and 12 weeks for severe cases [50]. The 
International Society of Heart and Lung Transplantation 
guidelines revised on 1 February 2021 recommended at 
least 1 negative RT-PCR with normal chest imaging along 
with no symptoms and waiting time of at least 14 days for 
asymptomatic, and 21 days for symptomatic COVID-19 
cases [51]. If RT-PCR remains positive beyond 21 days of 
illness in a recovered candidate, the patient can still pro-
ceed for transplant. Recently, the Indian Society of Organ 
Transplant guidelines for SOT from recovered donors and 
recipients recommended at least 2 negative RT-PCR, with 
an asymptomatic period of 28 days and normal chest radiol-
ogy before [52].

There are a few studies that have proceeded with one RT-
PCR negative report, while some have more than 3 nega-
tive reports. From the available evidence, it is justified to 
document at least two negative RT-PCR reports, to eliminate 
the possibility of a false negative. The other salient crite-
rion is that the patient must be asymptomatic after recov-
ery. The optimal symptom-free duration before transplant 
is not known, but recovery for more than 1 month seems 
safe before an elective transplant. Nevertheless, there are 
reports of life-saving transplantation in extremely ill patients 
as well. As clinical practice and understanding have evolved 
with time in this pandemic, the threshold for proceeding 
to a transplant has become less strict. In the current era, 
there are no data to indicate that a particular waiting time is 
ideal for proceeding with SOT; this decision should be based 
solely on the urgency of transplant [53]. There is emerg-
ing evidence to support transplant from RT-PCR positive 
patients in some circumstances. The rationale behind pro-
ceeding for transplant here is the high lag time for a negative 
RT-PCR report in chronic conditions like chronic kidney 
disease. The studies which successfully transplanted such 
case were buttressed by a report of protective antibody level 
in many cases. There are multiple studies which show that 
a low cycle threshold of RT-PCR is associated with high 
viral loads; hence, candidates with persistently positive RT-
PCRs but with high CT values, if asymptomatic, could be 
considered for proceeding to transplant based on the urgency 
of the procedure [54, 55]. Low CT values in RT-PCR are 
associated with the growth of COVID-19 in cultures with 
high viral loads, so it would be safest to avoid transplanting 
patients with low CT values [56]. If the candidate is in the 
second week of illness, then the chances of lesser viral loads 
are higher [57]. A recent meta-analysis in the general popu-
lation showed the incidence of RT-PCR positivity as 14.7% 
between day 41 and day 60 post-discharge [58]. Another 
meta-analysis showed a 12% incidence of recurrent RT-
PCR positivity in post-discharge recovered patients in the 
general population [59]. The above two studies imply that 
the fluctuations in RT-PCR between negative and positive 

after recovery can affect the timing of transplant, so again 
RT-PCR should not be the sole consideration in a decision 
about the timing of a transplant (Table 3).

While most reports required normal chest imaging before 
transplant, owing to high likelihood of residual radiographic 
changes for months following infection, we suggest the 
transplant should proceed even in cases of underlying resid-
ual damage. There is a report of an ABO kidney transplant 
where the team waited for inflammatory markers to resolve 
despite being RT-PCR negative and asymptomatic [60]. 
However, normalization of inflammatory markers before 
transplant should not be a mandatory prerequisite. There is 
an interesting report of four kidney transplantation where the 
candidates had no symptoms and their RT-PCRs came back 
positive retrospectively [61]. Interestingly, all recipients did 
well and remained asymptomatic, except for acute cellular 
rejection in two cases, which may be attributable to reduc-
tion of IS post-operatively out of concern for a possible flare 
of COVID-19.

Limitations

The limitation of this review is that there are only two cases 
of heart transplants and one case of SPK in a recovered 
patient. Hence, our review cannot provide much informa-
tion about these organs. Future reports with these organs and 
prospective studies from international registries will throw 
more light on this topic.

The sensitivity of RT-PCR approximates 70%, so there 
will be high chances of false-negative reports [62]. A vali-
dated better test in the future will be more helpful. At this 
point, it is prudent to be on the safe side, with repeated RT-
PCR assessments in non-emergency transplants.

The follow-up in most reports was short, and longer 
follow-up data in these transplant recipients will provide 
important information regarding safety and outcomes.

In an additional note, there is a report of a 9-year-old 
female with short bowel syndrome 3  months of post-
COVID-19, which required a small bowel transplant [63].
This indicates that COVID may be part of the transplant 
world in ways we have not yet anticipated.

Conclusion

In summary, transplantation from SARS-CoV-2 recovered 
patients has been reported to be safe with good short-term 
outcomes in multiple case reports and case series, although 
kidney transplantation is predominant in these reports. The 
optimal criteria to proceed with transplant should include 
evidence of a lack of viral replication. Emerging data sug-
gest that a negative RT-PCR report should not be mandatory 
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in all cases to proceed with transplantation. Alteration of 
early post-transplant immunosuppression in this context 
does not appear to be necessary, as per the available data. 
Nevertheless, in cases of life-saving or inadvertent trans-
plantation with active SARS-CoV-2, modifications in the 
immmunosuppressive regimen are justified. There is also 
a need to gather further information for transplantation 
of organs such as the lung, pancreas, and intestine, where 
data are relatively scant. This review of data from available 
reports through September 2021 may serve as a foundation 
for decision-making in the challenging approach to trans-
plantation for SARS-CoV-2 recovered patients. Hopefully, 
the vaccination era will bring a steep decline in these chal-
lenging clinical scenarios [64, 65].
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