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Abstract
Immunosuppression leaves transplanted patients at particular risk for severe acute 
respiratory	syndrome	2	(SARS-CoV-2)	infection.	The	specific	features	of	coronavirus	
disease	2019	 (COVID-19)	 in	 immunosuppressed	patients	 are	 largely	unknown	and	
therapeutic	experience	is	lacking.	Seven	transplanted	patients	(two	liver,	three	kid-
neys,	 one	 double	 lung,	 one	 heart)	 admitted	 to	 the	 Ludwig-Maximilians-University	
Munich	because	of	COVID-19	and	 tested	positive	 for	SARS-CoV-2	were	 included.	
The	clinical	course	and	the	clinical	findings	were	extracted	from	the	medical	record.	
The	 two	 liver	 transplant	 patients	 and	 the	heart	 transplant	 patient	 had	 an	uncom-
plicated	 course	 and	were	 discharged	 after	 14,	 18,	 and	12	 days,	 respectively.	 Two	
kidney	 transplant	 recipients	were	 intubated	within	48	hours.	One	 kidney	 and	 the	
lung	transplant	 recipients	were	required	to	 intubate	after	10	and	15	days,	 respec-
tively.	Immunosuppression	was	adapted	in	five	patients,	but	continued	in	all	patients.	
Compared	to	non-transplanted	patients	at	the	ICU	(n	=	19)	the	inflammatory	response	
was	attenuated	in	transplanted	patients,	which	was	proven	by	decreased	IL-6	blood	
values. This analysis might provide evidence that continuous immunosuppression is 
safe	and	probably	beneficial	since	there	was	no	hyperinflammation	evident.	Although	
transplanted	patients	might	be	more	susceptible	to	an	 infection	with	SARS-CoV-2,	
their	clinical	course	seems	to	be	similar	to	immunocompetent	patients.
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1  | INTRODUC TION

On	7	January	2020,	the	new	coronavirus	severe	acute	respiratory	
syndrome	2	 (SARS-CoV-2)	was	 identified	as	 the	 cause	of	 corona-
virus	disease	2019	 (COVID-19).1,2	Although	 the	majority	of	 infec-
tions	are	asymptomatic	or	mild,	there	are	patients	who	have	severe	
courses	that	require	hospitalization.	Of	these,	approximately	a	fifth	
get	oxygen	and	17%	are	in	need	of	invasive	ventilation.2 The case 
fatality	rate	varies	and	can	be	as	high	as	28.3%.	However,	case	fa-
tality rate is strongly related to the age of the patients and concom-
itant	comorbidities	of	the	patients	such	as	heart	disease,	diabetes	
mellitus.1-3

Patients	with	a	compromised	immune	system	are	more	suscep-
tible	to	viral	infections	than	immunocompetent	patients.4,5 Thus, it 
can	be	assumed	that	transplant	patients	under	immunosuppression	
and	plagued	with	numerous	comorbidities	are	at	particular	risk	for	
an	unfavorable	 course	of	COVID-19.	However,	 data	 on	COVID-19	
in	 patients	 after	 solid	 organ	 transplantation	 are	 scarce.	 Profound	
information	about	the	management	of	immunosuppression	and	the	
clinical course in solid organ recipients are still lacking.6-10	Here,	we	
present	comprehensive	data	about	the	clinical	courses	of	solid	organ	
recipients	 suffering	 of	 COVID-19.	We	 aim	 to	 evaluate	 the	 clinical	
courses of these patients and provide a rationale for maintenance of 
immunosuppression.

2  | PATIENTS AND METHODS

This is a retrospective cohort study carried out at the University 
Hospital	 of	 the	 Ludwig-Maximilians-University	 Munich,	 Germany.	
Every	patient	hospitalized	due	to	COVID-19	was	screened	for	a	his-
tory of solid organ transplantation. To securely diagnose a patient 
positive	 for	 SARS-CoV-2,	 a	 positive	 reverse	 real-time	 polymerase	
chain	reaction	(PCR)	assay	result	of	a	respiratory	specimen	was	de-
manded.1,2	 In	 total,	 seven	 consecutive	 solid	 organ	 recipients	 (two	
liver,	 three	 kidneys,	 one	 double	 lung,	 and	 one	 heart)	were	 identi-
fied and included in the present analysis. Inflammatory response 
and	early	outcomes	were	compared	to	a	cohort	of	non-transplanted,	
non-immunosuppressed	 COVID-19	 patients	 treated	 at	 the	 same	
time on our ICU (n =	19).	Patients	qualified	for	inclusion	to	the	con-
trol	 collective	 if	 they	were	 immunocompetent	 and	 stayed	 at	 least	
19 days on the ICU such as the shortest ICU treatment of a trans-
planted patient.

The clinical course and the clinical findings recorded during 
treatment	were	extracted	from	the	electronic	medical	 record.	The	
data	collection	within	the	CORKUM	(COVID-19	Register	des	LMU	
Klinikums)	 network	 was	 approved	 by	 the	 local	 ethics	 committee.	
Results	 are	 displayed	 as	 means	 with	 standard	 deviation	 and	 time	
frames	 (age	 and	 time	 since	 transplantation)	 as	 medians	 with	 IQ	
range.	Univariate	analysis	was	carried	out	by	using	Chi-squared	test	
for	 categorical	 parameters	 (eg,	 age,	 temperature);	 p-values	 lower	
than	0.05	were	considered	significant.	Prism	8.0	for	Mac	(GraphPad	
Software,	Inc,	La	Jolla,	CA)	was	used	for	statistical	analysis.

3  | RESULTS

Here,	 we	 describe	 the	 clinical	 presentation	 of	 the	 first	 seven	
transplanted	 patients	 hospitalized	 for	COVID-19	 in	 our	 institution	
(Table	1).	We	have	analyzed	the	clinical	courses	of	two	liver	trans-
plant	recipients,	three	kidney	transplant	recipients,	one	double	lung	
transplant recipient, and one heart transplant recipient. The median 
age	of	four	males	and	three	females	was	61.4	(18.2-80.6)	years.	The	
median time after transplantation, on immunosuppression, respec-
tively,	was	5.6	(1.5-15)	years.	Maintenance	of	immunosuppression	is	
detailed	in	Table	2.

3.1 | On admission

On	admission	all,	but	one	asymptomatic	liver	and	the	heart	trans-
plant	 patient,	 presented	 with	 cough	 and	 fever	 (Table	 3).	 High	
resolution	 thoracic	 CT	 scan	 showed	 in	 all	 cases	 the	 character-
istic	 opaque	 dorsolateral	 infiltrates	 typical	 for	 COVID-19.11	 A	
positive	 SARS-CoV-2	 PCR	 of	 a	 respiratory	 specimen	 confirmed	
COVID-19.	 All	 but	 one	 kidney	 transplant	 patient	 presented	with	
adequate	graft	function.	Nonetheless,	all	patients	were	on	ongoing	
immunosuppressants.

On	admission,	most	transplanted	patients	showed	mean	elevated	
CRP	11.1	mg/dL	(±4.8),	IL-6	59.1	pg/mL	(±20.3),	ferritin	1104	ng/mL	
(±428),	and	LDH	319	U/L	(±15.8)	values,	with	mostly	normal	WBC	
7	G/L	(±1.5).	Patients	of	the	non-transplanted	intensive	care	control	
collective	 had	 comparable	 comorbidities	 and	 showed	 the	 follow-
ing	mean	blood	values	on	admission:	CRP	10.5	mg/dL	(±10.5),	 IL-6	
622.4	pg/mL	(±1722),	ferritin	802	ng/mL	(±525.4),	LDH	444.4	U/L	
(±144.5),	WBC	25	G/L	(±7.6).

3.2 | Clinical course

The	 clinical	 course	 differed	 significantly	 between	 the	 transplant	
patients.	The	two	liver	transplant	recipients	(LiTx	1	and	2)	and	the	
heart	transplant	(HTx)	recipient	could	be	managed	on	a	regular	ward.	
These	patients	had	neither	dyspnea	nor	oxygen	demand.	Initially,	the	
heart	transplant	patient	was	admitted	to	an	external	clinic	because	
of cholangitis and transferred to our institution due to additional 
SARS-CoV-2	infection.	The	liver	transplant	recipients	as	well	as	the	
heart	transplant	recipient	could	be	discharged	after	14	(LiTx	1),	18	
(LiTx	2)	and	12	(HTx)	days,	respectively.

Two	kidney	transplant	recipients	(KiTx	1	and	2)	had	to	be	intu-
bated	within	48	hours	after	admission.	The	third	kidney	transplant	
recipient	 (KiTx	3)	and	the	 lung	transplant	recipient	 (LuTx)	were	 ini-
tially	managed	with	4-6l	oxygen	flow.	However,	they	showed	a	de-
layed	progression	requiring	intubation	ten	(KiTx	3)	and	15	(LuTx)	days	
after admission, respectively. One of the kidney transplant patients 
(KiTx	3)	was	extubated	after	 three	days	of	mechanical	ventilation.	
Additionally,	this	patient	was	discharged	in	good	health	17	days	after	
admission.	Weaning	was	initiated	in	the	remaining	kidney	transplant	
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patients	after	16	(KiTx	1)	19	(KiTx	2)	days	of	mechanical	ventilation.	
The pulmonary function of these patients improved and they are in 
need of mechanical ventilation less than 12 hours a day. Nonetheless, 
weaning	is	not	completed.	Thus,	only	the	lung	transplant	recipient	is	
on mechanical ventilation since 24 days. Only one kidney recipient 
(KiTx	2)	had	transient	graft	loss	and	required	hemodialysis.

3.3 | Treatment

All	transplant	patients	stayed	on	immunosuppressants.	The	immuno-
suppressive	medication	of	 the	heart	and	of	one	 liver	recipient	 (LiTx	
2)	remained	unchanged.	However,	immunosuppression	was	adapted	
in	 the	 kidney	 and	 lung	 transplant	 patients.	 The	 antimetabolite	was	

TA B L E  1  Baseline	characteristics	of	the	analyzed	patients	on	admission

KiTx 1 KiTx 2 KiTx 3 LiTx 1 LiTx 2 LuTx HTx

Age 80 61 45 65 18 65 48

Gender Female Male Male Female Male Male Female

Years since transplantation 7 1.5 5.6 5.6 15 7.9 5

Comorbidities aH, CHD, HD, 
obesity

aH,	CHD,	IDDM,	
obesity

aH aH aH, HD aH, CHD, HD aH
IDDM

Fever (>37.3°C) Yes Yes Yes Yes No Yes No

Cough Yes Yes Yes Yes No Yes No

Myalgia Yes Yes Yes Yes No Yes No

GI-symptoms No No No No No No No

qSOFA	score 3 3 1 2 0 2 0

CURB-65	score 2 2 0 3 0 2 0

CCI 9 7 3 8 8 7 3

Time from onset to hospital 
admission, days

5 3 4 1 1 6 0

Abbreviations:	aH,	arterial	hypertension;	CCI,	Charlson	Comorbidity	Index;	CHD,	coronary	heart	disease;	CURB-65	(C,	confusion;	U,	
urea >	7	mmol/L;	R,	respiratory	rate	>	30/min;	B,	blood	pressure	systolic	< 90 mm Hg or diastolic < 60 mm Hg, 65 =	patient	≥	65	years	old);	HD,	
hemodialysis;	IDDM,	insulin-dependent	diabetes	mellitus;	qSOFA,	quick	sequential	organ	failure	assessment;	Tx,	transplantation.

Patient On admission During hospitalization

KiTx	1 MPA: 720 mg/d Prednisolone: 2.5 mg/d

Prednisolone: 2.5 mg/d

KiTx	2 Tacrolimus: 3 mg/d Cyclosporine	A

Trough level: 5.8	ng/mL Target trough level: 40-60	ng/mL

MPA: 1440 mg/d

Prednisolone: 2.5 mg/d Prednisolone: 2.5 mg/d

KiTx	3 CellCept: 2000 mg/d Cyclosporine	A

Target trough level: 40-60	mg/mL

Prednisolone: 10 mg/d Prednisolone: 10 mg/d

LiTx	1 Everolimus: 4 mg/d Everolimus

Trough level: 4.7	ng/mL Target trough level: 3-8	ng/mL

CellCept: 500 mg/d

LiTx	2 CellCept: 1000 mg/d CellCept: 1000 mg/d

LuTx	1 Tacrolimus: 2.5 mg/d Tacrolimus

Trough level: 7.6	ng/mL Target trough level: 6-8	ng/mL

CellCept: 1000 mg/d

Prednisolone: 10 mg/d Prednisolone: 10 mg/d

HTx Tacrolimus: 4 mg/d Tacrolimus

Trough level: 5.1	ng/mL Target trough level: 5-7	ng/mL

Sirolimus: 1 mg/d Sirolimus

Trough level: 2.3	ng/mL Target trough level: 2-5	ng/mL

TA B L E  2  Maintenance	of	
immunosuppression on admission 
and	respective	modifications	(MPA	–	
mycophenolic	acid)
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discontinued in the kidney recipients, the lung recipient, and in one 
liver	recipient	(LiTx	1).	Cyclosporine	A	was	additionally	initiated	in	KiTx	
2	and	KiTx	3.	Target	trough	levels	of	cyclosporine	A	(40-60	ng/mL),	
tacrolimus	(6-8	ng/mL),	everolimus	(3-8	ng/mL),	and	sirolimus	(2-5	ng/
mL)	were	evaluated	regularly	and	within	range	during	hospital	stay.	
The	individual	adaption	of	immunosuppression	is	detailed	in	Table	2.

Transplant	patients	admitted	to	ICU	received	azithromycin	and,	
apart	 from	 one	 kidney	 transplant	 patient	 (KiTx	 1),	 hydroxychloro-
quine	 adapted	 to	 glomerular	 filtration	 rate	 as	 specific	 COVID-19	
treatment	as	suggested	by	Gautret	et	al.12 No specific antiviral ther-
apy	or	high-dose	cortisone	therapy	was	given.	To	avoid	opportunistic	
infections	 all	 patients	were	 placed	 on	 empiric	 antimicrobial	 treat-
ment	with	piperacillin/tazobactam.	The	heart	transplant	patient	was	
treated	with	metronidazole	and	cefuroxime	for	cholangitis.	The	im-
munocompetent control collective at the ICU also received empiric 
antimicrobial	treatment	with	piperacillin/tazobactam	in	17	patients	
(89.5%)	and	18	patients	(94.7%)	received	azithromycin.	Additionally,	
seven	 patients	 got	 antiviral	 treatment	 (36.8%)	 and	 three	 patients	
(15.8%)	were	treated	with	tocilizumab.

3.4 | Transplant-specific observations

In transplanted/immunosuppressed patients, inflammatory re-
sponse	 on	 admission	 was	 generally	 lower	 as	 compared	 to	 non-
transplant	 patients.	 Moreover,	 during	 hospitalization,	 IL-6	 levels	
stayed	 significantly	 lower	 in	 transplanted	 patients	 as	 compared	
to	non-transplanted	patients.	A	 similar	observation	was	made	 for	
LDH,	but	not	for	CRP	and	ferritin.	The	inflammation	markers	of	the	
transplanted	 patients	 not	 requiring	 intensive	 care	 treatment	 re-
mained	low	throughout	their	stay	(Figure	1).	Apart	from	the	heart	
transplant	patient,	who	suffered	cholangitis,	liver	enzymes,	coagu-
lation	function,	and	blood	count	were	not	impaired	during	hospital	
stay	(Figure	S1).

There	 was	 no	 death	 of	 a	 transplanted	 patient	 within	 our	
institution.

4  | DISCUSSION

The	 SARS-CoV-2	 pandemic	 is	 spreading	 rapidly	 across	 the	 globe	
without	any	specific	therapy	or	vaccination	being	available.13,14 Risk 
factors	for	developing	acute	respiratory	distress	syndrome	(ARDS),	
ICU	 admission	 and	 death	 have	 been	 published.1,2,15 Nonetheless, 
these	studies	have	been	conducted	in	immunocompetent	patients.	
Transplanted	 patients	 belong	 to	 a	 particularly	 vulnerable	 patient	
group,	as	they	require	life-long	immunosuppression	increasing	their	
susceptibility	for	viral	infections.4,5

It	 can	be	assumed	 that	 the	 clinical	 courses	under	 immunosup-
pression	differ	from	those	of	non-immunosuppressed	patients.	The	
first	assumption	would	be	that	immunosuppression	is	generally	un-
favorable	for	the	course	of	the	disease,	but	in	the	case	of	COVID-19	
it	could	be	different.	One	of	the	problems	of	COVID-19,	apart	from	
the	direct	damage	caused	by	the	virus,	is	a	potentially	excessive	im-
mune	response,	which	in	turn	can	lead	to	further	damage	to	the	lung	
parenchyma.16,17	 Here,	 immunosuppressive	 drugs	 could	 even	 be	
advantageous	by	preventing	what	is	often	called	a	cytokine	storm.	
Indeed,	we	observed	 significantly	 lower	 IL-6	 levels	 in	our	patients	
than	in	the	non-immunosuppressed	reference	cohort.	Although	no	
statistical	significant	difference	was	seen,	a	clear	trend	was	obvious.	
The early inflammatory response in transplanted patients seems to 
be	attenuated.	In	this	context,	it	could	be	shown	in	our	clinic	that	the	
level	of	IL-6	increase	has	a	prognostic	value	for	COVID-19	progres-
sion	(in	review)	and	pharmacological	inhibition	of	IL-6	was	proposed	
as	 a	 potential	 treatment	 strategy	 of	 COVID-19.18,19 Since the fol-
low-up	period	was	relatively	short,	the	results	of	the	present	study	
have	to	be	interpreted	with	care.	Nonetheless,	no	transplanted	pa-
tient	died	due	to	SARS-CoV-2	infection.	This	finding	is	in	contrast	to	

TA B L E  3  Baseline	characteristics	and	comorbidities	of	COVID-19	patients	analyzed

Total TX TX non-ICU TX-ICU non-TX ICU

n = 7 n = 3 n = 4 n = 19

Median	age,	years 61.4	(18.2-80.6) 48.9	(18.2-65.6) 63.3	(45.3-80.6) 64.4	(42-75.1)

Sex

Female 3	(43%) 2	(67%) 1	(25%) 2	(11%)

Male 4	(57%) 1	(33%) 3	(75%) 17	(89%)

Years since transplantation 5.6	(1.5-15) 5.6	(5-15) 6.3	(1.5-7.9) n.a.

Comorbidity

Hypertension 7	(100%) 3	(100%) 4	(100%) 13	(68.4%)

Diabetes 2	(28.6%) 1	(33.3%) 1	(25%) 4	(21.1%)

Coronary heart disease 3	(42.9%) 0 3	(75%) 5	(26.3%)

COPD 2	(28.6%) 0 2	(50%) 2	(10.5%)

Smoker 1	(14.3%) 0 1	(25%) 3	(15.8%)

Obesity 2	(28.6%) 0 2	(50%) 4	(21.1%)

Fever (>37.3°C) 5	(71.4%) 1	(33.3%) 4	(100%) 13	(57.9%)
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recently	published	reports	with	mortality	rates	of	solid	organ	recipi-
ents	of	up	to	28%.7,9,20-22	In	this	respect,	Akalin	et	al	even	reported	a	
mortality	rate	of	intubated	organ	recipients	of	64%	(7/11).9

Of	 course,	 the	 analyzed	 cohort	 is	 too	 small	 to	 draw	 clear	 con-
clusions	at	this	point,	but	the	observation	per	se	is	new	and	offers	a	
potential	therapeutic	perspective.	Another	open	question	is	whether	
different immune suppressants have different effects on the course 
of	the	disease.	For	the	calcineurin	inhibitor	cyclosporine	A,	an	antiviral	
efficacy	for	coronaviruses	such	as	SARS-CoV	and	Middle	East	respi-
ratory	syndrome	coronavirus	(MERS-CoV)	could	be	shown,23-25	which	
shows	79%	and	50%	homology	with	the	current	SARS-CoV-2	virus,	re-
spectively.26	Nonetheless,	only	little	is	known	about	the	clinical	course	
in	transplanted	patients	with	MERS-CoV	or	SARS-CoV	infection.27,28 
For	mTOR-inhibitors,	 an	 antiviral	 activity	 on	 the	 cytomegalovirus	 is	
known	and	mTOR-inhibitors	have	been	used	as	a	senolytic	substance	
like	chloroquine	and	azithromycin	as	an	orphan	treatment	option.29,30

A	 further	 question	 we	 asked	 ourselves	 is	 to	 what	 extent	 the	
course	of	the	disease	is	influenced	by	the	viral	infection	itself	or	by	
the	 immune	 response.	 It	 also	 seems	 unclear	 how	 the	 balance	 be-
tween	 immune	defense	and	anti-inflammation	 is	 to	be	maintained	
and	whether	 an	 imbalance	between	 the	 two	could	explain	 the	bi-
phasic	and/or	unfavorable	courses	observed.	Immunosuppression	in	
this	context	may	provoke	virus	persistence.	In	this	context,	we	found	
that	all	our	immunosuppressed	patients	requiring	mechanical	venti-
lation	 showed	prolonged	 virus	 persistence	 compared	 to	 clearance	
times	reported	by	Liu	et	al	and	Yuan	et	al.31,32

It	 is	 interesting	 to	 speculate	whether	 different	 transplants	 are	
varying	with	regard	to	their	vulnerability	to	SARS-CoV-2	infection.	In	
our	cohort,	we	noticed	that	the	liver	transplant	and	heart	transplant	
patients	took	a	relatively	mild	course.	This	could	be	due	to	the	fact	

that successful liver and heart transplants have relatively little addi-
tional	comorbidities.	In	contrast,	kidney	transplanted	patients	have	
more serious, mainly cardiovascular concomitant diseases due to 
the long dialysis treatment.33,34 From theoretical considerations, as 
well	as	in	our	patients,	it	is	to	be	assumed	that	lung	transplantation	
is particularly prone to severe disease. In addition to the high level 
of	immunosuppression	required,	the	lung	is	the	direct	target	of	the	
virus and the transplant alters the lung physiology.35

What	conclusions	can	be	drawn	from	the	experiences	with	this	
transplant collective? The first and perhaps the most important re-
sult of the present study is that there is no consistent pattern for 
COVID-19	 illness	 under	 immunosuppression.	 There	 are	 very	 mild	
courses	of	 the	disease	under	 immunosuppression,	 but	 also	 severe	
ones,	but	overall	 the	situation	 is	not	as	bleak	as	 first	 case	 reports	
suggest.7,20,36	It	seems	advisable	to	maintain	an	adequate	immuno-
suppression	to	avoid	acute	rejection	and	subsequent	organ	failure;	
there	is	currently	no	data	basis	for	changing	the	immunosuppression	
at	the	time	of	infection.	Our	experience	has	been	encouraging	that	
with	the	appropriate	allocation	of	intensive	care	resources,	it	is	pos-
sible	 to	 successfully	manage	 even	 severe	 courses	 of	COVID-19	 in	
transplanted patients.
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