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Abstract
Immunosuppressed patients such as solid organ transplant and hematologic ma-
lignancy patients appear to be at increased risk for morbidity and mortality due 
to	 coronavirus	 disease	 2019	 (COVID-19)	 caused	 by	 SARS	 coronavirus	 2	 (SARS-
CoV-2). Convalescent plasma, a method of passive immunization that has been ap-
plied to prior viral pandemics, holds promise as a potential treatment for COVID-19. 
Immunocompromised patients may experience more benefit from convalescent 
plasma	given	underlying	deficits	in	B	and	T	cell	immunity	as	well	as	contraindications	
to antiviral and immunomodulatory therapy. We describe our institutional experi-
ence with four immunosuppressed patients (two kidney transplant recipients, one 
lung transplant recipient, and one chronic myelogenous leukemia patient) treated 
with	COVID-19	convalescent	plasma	through	the	Expanded	Access	Program	 (NCT	
04338360).	All	patients	clinically	improved	after	administration	(two	fully	recovered	
and two discharged to skilled nursing facilities) and none experienced a transfusion 
reaction. We also report the characteristics of convalescent plasma product from a 
local	blood	center	including	positive	SARS-CoV-2	IgG	and	negative	SARS-CoV-2	PCR	
in	 all	 samples	 tested.	 This	 preliminary	 evidence	 suggest	 that	 convalescent	 plasma	
may be safe among immunosuppressed patients with COVID-19 and emphasizes the 
need for further data on the efficacy of convalescent plasma as either primary or 
adjunctive therapy for COVID-19.
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1  | INTRODUC TION

The	emergence	of	 severe	acute	 respiratory	 syndrome	coronavirus	
2	 (SARS-CoV-2)	has	 led	 to	a	global	pandemic	with	over	25	million	
reported cases and over 850 000 deaths.1,2 Clinical coronavirus 
disease	 2019	 (COVID-19)	 caused	 by	 SARS-CoV-2	 varies	 from	 as-
ymptomatic infection to critical illness.3,4 Some groups of immu-
nocompromised patients appear to be at increased risk for severe 
COVID-19	disease.	The	mortality	rate	among	solid	organ	transplant	
(SOT)	recipients	is	reported	to	be	as	high	as	60%5-11 and mortality in 
hematologic malignancy patients is similarly high.12

There	 are	 currently	 limited	 COVID-19	 therapies	 with	 proven	
efficacy. Early evidence suggests that the antiviral remdesivir can 
shorten the time to recovery13 and dexamethasone can reduce 28-
day mortality.14	 Convalescent	 plasma	 (CP)	 is	 a	 passive	 immuniza-
tion strategy used in the treatment of infectious diseases since the 
1900s.	CP	is	obtained	via	apheresis	of	infection	survivors	who	have	
evidence	of	antibody	production.	The	goal	of	therapy	when	applied	
early in infection is to neutralize virus and minimize the resulting 
inflammatory	cascade.	CP	has	been	described	to	reduce	mortality,	
decrease complications, and speed viral clearance of infections in-
cluding the influenza pandemic of 1918,15	SARS,16 influenza H1N1,17 
and Ebola.18

While there is increasing data on the safety and potential ben-
efit	 of	 CP	 in	 patients	 with	 COVID-19,19,20 experience with this 
therapeutic	among	immunocompromised	patients	 is	 limited.	These	
populations	may	benefit	more	 from	CP	compared	 to	 immunocom-
petent patients due to their inability to mount appropriate cellular 
and humoral immune responses to the virus.21 Here, we report our 
institutional experience with four immunocompromised patients, 
three	SOT	recipients,	and	one	hematologic	malignancy	patient,	with	
COVID-19	treated	with	CP.

2  | MATERIAL S AND METHODS

2.1 | Study subjects and setting

2.1.1 | Subjects

Hospitalized	 SOT	 and	 hematologic	 malignancy	 patients	 cared	
for at the University of California San Francisco (UCSF) were en-
rolled	 in	 the	 Expanded	 Access	 Program	 (EAP)	 for	 Convalescent	
Plasma	(NCT	04338360,	UCSF	IRB	#20-30657).	 Included	subjects	
were	 ≥18	 years,	 with	 laboratory-confirmed	 SARS-CoV-2	 infec-
tion, and with or at risk of progression to severe or life-threatening 
COVID-19 disease. Severe disease was defined as the presence of 

dyspnea,	respiratory	rate	≥30/min,	oxygen	saturation	≤93%,	PaO2/
FiO2 <	300,	or	pulmonary	 infiltrates.	Life-threatening	disease	was	
defined by the presence of respiratory failure, septic shock, or mul-
tiple organ dysfunction/failure. Data on demographics, medical 
history, clinical results, treatment, and outcomes were extracted 
from the electronic medical record as approved under UCSF IRB 
#20-30629.

2.1.2 | COVID-19	diagnostic	testing

Patients	were	diagnosed	with	SARS-CoV-2	infection	using	RNA	test-
ing	 of	 nasopharyngeal	 (NP)	 or	 pooled	 nasopharyngeal/oropharyn-
geal	 (NP/OP)	 swab	 samples	 performed	 using	 a	 real-time	 reverse	
transcriptase-polymerase	chain	reaction	(PCR)	assay.22	SARS-CoV-2	
IgG	was	available	but	not	conducted	routinely.

2.1.3 | Therapeutic	approach

During the study period, our institutional treatment approach was 
to enroll patients with severe or life-threatening COVID-19 disease 
into	clinical	 trials,	 if	possible.	The	main	trial	has	been	the	National	
Institute	 of	 Allergy	 and	 Infectious	 Diseases	 Adaptive	 COVID-19	
Treatment	Trial	(ACTT),	a	randomized	controlled	trial	of	remdesivir	
(NCT	04280705).	 Patients	who	did	 not	 qualify	 or	 consent	 for	 the	
study	 were	 considered	 for	 remdesivir	 through	 either	 the	 EUA	 or	
EAP	program.	They	were	also	considered	for	EAP	CP.	All	admitted	
COVID-19 patients were provided with aggressive supportive care.

2.2 | Convalescent plasma

2.2.1 | Donor	selection	and	qualification

All	 CP	 units	 transfused	 were	 collected	 per	 US	 Food	 &	 Drug	
Administration	 guidance	 from	 donors	 with	 confirmed	 COVID-19	
diagnosis	 based	 on	 positive	 PCR.	 If	 donating	 within	 14-28	 days	
post-resolution	of	symptoms,	a	negative	PCR	was	required	prior	to	
donation. If >28	days	post-resolution	of	symptoms,	repeat	PCR	was	
not	required.

2.2.2 | Collection	and	storage

CP	was	 collected	 using	 standard	 apheresis	 methods	 and	 stored	
at	−18°C	within	8	hours	of	collection.	Frozen	units	from	Stanford	

F I G U R E  1  Clinical	course	of	four	immunosuppressed	COVID-19	patients	treated	with	convalescent	plasma.	Abbreviations:	CXR,	chest	
X-ray;	HCQ,	hydroxychloroquine;	ICU,	intensive	care	unit;	HFNC,	high-flow	nasal	cannula;	VAP,	ventilator-associated	pneumonia;	GIB,	
gastrointestinal	bleed;	LTAC,	long-term	acute	care	facility;	CT,	computed	tomography;	ED,	emergency	department;	CTX,	ceftriaxone;	
azithro,	azithromycin;	Abx,	antibiotics;	EUA,	emergency	use	authorization;	2L,	2	liters;	CRRT,	continuous	renal	replacement	therapy;	SNF,	
skilled nursing facility
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Blood	 Center	 (SBC)	 and	 the	 American	 Red	 Cross	 (ARC)	 were	
shipped to UCSF using validated coolers. Units were stored in a 
freezer at UCSF and when ready to use, removed and placed in a 
plasma thawer.

Donor	CP	samples	from	SBC	were	tested	for	antibodies	against	
the	 receptor-binding	 domain	 of	 SARS-CoV-2	 spike	 protein	 using	 a	
validated laboratory-developed enzyme-linked immunosorbent 
assay (cut-off of 0.30 optical density). Binding titers were performed 
using	 the	 same	 assay	 at	 1:100,	 1:200,	 and	 1:400	 dilutions.	 A	 re-
search	PCR	test	targeting	the	SARS-CoV-2	envelope gene was also 
performed	 in	 EDTA	 plasma	mini	 pools	 of	 six	 individuals	 (Stanford	
IRB#55550).	Donor	CP	sample	from	ARC	did	not	have	PCR	or	anti-
body titers done.

2.2.3 | Administration

In	 accordance	 with	 the	 EAP	 program,	 one	 unit	 (approximately	
200	 mL)	 of	 ABO-compatible	 CP	 was	 administered	 at	 a	 rate	 of	
100	mL/h	using	standard	blood	administration	procedures.

3  | C A SE SERIES

3.1 | Case 1

A	 44-year-old	 African-American	 man	 with	 deceased	 donor	 renal	
transplant	 for	 IgA	nephropathy	19	years	prior	 to	presentation	and	
hypertension	presented	to	an	outside	institution	6	days	after	onset	
of fever, cough, dyspnea, and diarrhea and was diagnosed with 
COVID-19	 by	 PCR	 (Figure	 1A).	 Maintenance	 immunosuppression	
consisted of mycophenolate, tacrolimus, and prednisone. Chest 
X-ray	demonstrated	patchy	left	lower	lobe	infiltrate	and	he	received	
hydroxychloroquine	(days	6-20),	lopinavir/ritonavir	(days	13-18),	to-
cilizumab (days 12-13), methylprednisolone (days 17-20), and broad-
spectrum antibiotics. On day 20 of illness, he was intubated and 
transferred	 to	 our	 center.	 Hydroxychloroquine	 and	 steroids	 were	
discontinued,	mycophenolate	was	held,	and	patient	received	CP	on	
day	 27	 for	 life-threatening	 COVID-19.	 The	 patient	 did	 not	 qualify	
for	ACTT-1	or	EAP	remdesivir	due	to	acute	kidney	injury	requiring	
hemodialysis. His course was complicated by right common femoral 
vein	thrombosis	(day	23)	requiring	anticoagulation	then	inferior	vena	
cava filter placement, Klebsiella ventilator-associated pneumonia 
(day 24), gastrointestinal bleed (day 25), and candidemia (day 41). He 
underwent tracheostomy on day 50. On day 73 of illness, the patient 
was on room air and discharged to long-term acute care facility.

3.2 | Case 2

A	 44-year-old	 Hispanic	 male	 who	 underwent	 a	 deceased	 donor	
renal transplant for end-stage renal disease secondary to hyperten-
sion	16	months	prior	presented	asymptomatically	to	the	emergency	

department after exposure to a roommate with COVID-19 (Figure 1B). 
Maintenance immunosuppression consisted of mycophenolate, tac-
rolimus,	and	prednisone.	On	initial	asymptomatic	presentation,	PCR	
testing	was	positive	and	chest	X-ray	demonstrated	bilateral	patchy	
opacities,	and	was	discharged	home.	Two	days	 later,	he	developed	
dyspnea, dry cough, and diarrhea and represented for care. On ad-
mission,	chest	X-ray	demonstrated	bilateral	patchy	opacities	and	he	
required	supplemental	oxygen	via	non-rebreather.	In	the	ICU,	oxy-
gen	requirement	reached	a	maximum	of	10	liters	per	minute	via	high-
flow	nasal	cannula.	Tacrolimus	and	mycophenolate	were	held.	ACTT	
was not enrolling during the patient's hospitalization and he did not 
qualify	for	EAP	remdesivir	(not	intubated).	CP	was	administered	on	
day 4 for severe COVID-19 disease. On day 9, the patient was oxy-
genating well on room air and discharged home. During telehealth 
visit on day 15, the patient was feeling well without symptoms.

3.3 | Case 3

A	65-year-old	Caucasian	female	with	interstitial	lung	disease	associ-
ated with Sjögren's syndrome who underwent bilateral lung trans-
plant 9 months prior presented with 2 days of dyspnea on exertion, 
cough, sore throat, and malaise (Figure 1C). She received induction 
with basiliximab and was on maintenance immunosuppression with 
mycophenolate,	 tacrolimus,	 and	 prednisone.	 Chest	 X-ray	 demon-
strated increased patchy left mid lung and retrocardiac consolidation 
and	she	required	supplemental	oxygen	via	nasal	cannula	for	comfort	
(maximum	2	L).	Mycophenolate	was	held	and	 the	patient	 received	
EUA	remdesivir	on	day	4	of	illness	without	significant	clinical	change,	
followed	by	CP	on	day	8	for	severe	COVID-19	disease.	The	patient	
was discharged home on day 10. During telehealth visit on day 17, 
the patient was feeling well without symptoms.

3.4 | Case 4

A	62-year-old	Hispanic	male	with	CML	on	dasatinib,	stage	IV	chronic	
kidney disease, hypertension, and poorly controlled diabetes pre-
sented with 2 days of fatigue, diarrhea, and anorexia (Figure 1D). 
On presentation, the patient was afebrile but developed rapidly 
progressive	hypoxemia	requiring	oxygen	administered	via	high-flow	
nasal cannula. Computed tomography of the chest demonstrated 
bilateral peribronchovascular groundglass opacities and peripheral 
nodular	 consolidation.	 Patient	 did	 not	 qualify	 for	 EAP	 remdesivir	
due	to	renal	failure,	and	CP	was	administered	on	day	3	of	illness	for	
life-threatening	 COVID-19	 disease.	 The	 patient	 was	 subsequently	
intubated	 (day	 7),	 required	 continuous	 renal	 replacement	 therapy	
(day 12), with course complicated by the shock of unclear etiology 
(day 15) and severe autonomic instability with systolic blood pres-
sure ranges from 70 to 300 for which extensive work-up (toxicology 
consultation,	CT,	MRI,	and	EEG)	was	negative.	The	patient	was	extu-
bated on day 41 and discharged to a skilled nursing facility with no 
oxygen	requirement	on	day	61.
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4  | CONVALESCENT PL A SMA

CP	was	supplied	by	SBC	for	three	patients	 (Cases	1,	2,	and	4)	and	
ARC	for	one	patient	(Case	3).	CP	from	SBC	was	collected	from	do-
nors	who	had	confirmed	COVID-19	by	PCR	testing.	All	SBC	CP	units	
were	positive	for	IgG	against	the	SARS-CoV-2	receptor-binding	do-
main	protein	 and	negative	 for	 SARS-CoV-2	PCR.	Table	1	provides	
information on binding titer and samples have been retained to per-
form	neutralizing	antibody	titers	as	required	by	the	EAP.

5  | DISCUSSION

We	 report	 our	 institutional	 experience	with	CP	 for	 the	 treatment	
of COVID-19 in four immunocompromised patients, including two 
renal transplant recipients, one lung transplant recipient, and one 
hematologic malignancy patient.

Increasing	 data	 indicate	 that	 CP	 is	 safe	 among	 patients	 with	
COVID-19, with <1%	 rate	of	 transfusion	 reaction	 and	 thrombosis,	
and ~3%	 rate	 of	 cardiac	 events.23 However, clear data on clinical 
benefit	 are	 lacking.	 A	 randomized	 controlled	 trial	 in	China	 of	 103	
patients suggested a trend toward improvement (HR 1.4, P =	 .26),	
particularly among patients with severe disease (HR 2.15, P = .03).19 
However, results were limited by the lack of target enrollment and 
also	confounded	by	variations	in	therapy.	Another	study	from	Texas	
reporting 25 patients with severe and/or life-threatening COVID-
19	 treated	with	CP	 found	 that	76%	experienced	at	 least	a	1-point	
improvement in the WHO ordinal scale in the 14 days post-trans-
fusion.20 Other smaller case series predominantly from China24-28 
document improvement in clinical, radiologic, and virologic COVID-
19	 parameters	 after	 CP	 administration	 including	 among	 elderly29 
and pregnant24,30 patients.

Although	 immunocompromised	 SOT	 patients	 can	 develop	 IgG	
response	 to	 SARS-CoV-2,31 their underlying functional deficits in 
B	and	T	cell	 immunity21 may make them a population that experi-
ences	 particular	 benefit	 from	 passive	 immunization	 from	 CP.	 In	 a	
prior report of three kidney transplant recipients with COVID-19 
who	received	CP,	all	three	recovered	and	exhibited	positive	SARS-
CoV-2	IgG	(no	pre-transfusion	baseline),	though	notably,	one	patient	
experienced	acute	dyspnea	after	CP	transfusion.32	The	patients	we	
report	received	CP	at	a	median	of	5.5	days	from	COVID-19	symptom	
onset	and	none	experienced	any	reactions	 to	CP	transfusion.	Two	
patients received other antiviral or immunomodulatory therapy in 
addition	to	CP	(Cases	1	and	3).	All	patients	were	clinically	improving	
at the time of this report, with two discharged home and fully recov-
ered (Cases 2 and 3) and two discharged to skilled nursing facilities 
(Cases	1	and	4).	Our	results	represent	preliminary	evidence	that	CP	
may be safe for immunosuppressed patients.

This	study	has	several	limitations.	As	a	small	case	series,	we	are	
unable to draw clear conclusions about the therapeutic efficacy of 
CP.	Patients	varied	significantly	with	regards	to	COVID-19	disease	
severity	 and	 timecourse	 at	 the	 time	of	CP	 administration,	 and	 re-
ceived potential confounding COVID-19 therapies.TA
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Despite	recent	EUA	for	CCP,33 larger randomized studies remain 
crucial	to	understand	the	role	of	CP	in	the	treatment	of	COVID-19	
and which, if any, subgroups (degree of immunosuppression, comor-
bidities, infection severity) of immunocompromised patients would 
benefit.	There	remains	a	significant	gap	in	knowledge	about	the	ther-
apeutic	mechanism	of	CP,	characteristics	predictive	of	efficacy	such	
as titer of neutralizing antibodies, as well as potential downstream 
effects	such	as	attenuated	humoral	immunity.	Furthermore,	CP	do-
nation and supply chains need to be further optimized at the local 
and national level. For the transplant community, it is worth exam-
ining whether the existing infrastructure for a living donation could 
be	leveraged	to	serve	as	a	source	of	CP	during	this	critical	period.

In summary, there is currently limited evidence on both safety 
and	efficacy	of	CP	among	 immunosuppressed	COVID-19	patients.	
We	report	our	experience	with	three	SOT	and	one	hematologic	ma-
lignancy	 patient	with	COVID-19	 treated	with	CP,	 all	 of	whom	 are	
clinically improving after administration and did not experience any 
transfusion	 reactions.	 Additional	 research	 is	 urgently	 needed	 to	
better	understand	and	optimize	CP	for	the	treatment	of	COVID-19	
among immunosuppressed patients.
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