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Abstract
Data describing the clinical progression of coronavirus disease 2019 (COVID-19) in 
transplant recipients are limited. In New York City during the surge in COVID-19 
cases, a systematic approach to monitoring and triaging immunocompromised trans-
plant patients was required in the context of strained healthcare resources, limited 
outpatient testing, and heightened hospital exposure risks. Public health guidance at 
the onset of the COVID-19 outbreak recommended outpatient monitoring of mildly 
symptomatic patients without specific recommendations for special populations 
such as transplant recipients. We developed and implemented a systematic monitor-
ing algorithm for kidney transplant recipients at our transplant center who reported 
mild symptoms suggestive of COVID-19. We describe the outcomes of the first 44 
patients	monitored	through	this	algorithm.	A	total	of	44	kidney	transplant	recipients	
thought to be symptomatic for COVID-19 disease were followed for a minimum of 
14 days. The majority of mildly symptomatic patients (34/44) had clinical progression 
of disease and were referred to the emergency department where they all tested 
PCR positive and required hospitalization. More than half of these patients presented 
with hypoxia requiring supplemental oxygen, 39% were intubated within 48 hours, 
and	53%	developed	acute	kidney	 injury	but	did	not	 require	dialysis.	There	were	6	
deaths. During surge outbreaks, kidney transplant patients with even mild symptoms 
have a high likelihood of COVID-19 disease and most will worsen requiring hospi-
talization for supportive measures. Earlier outpatient testing and hospitalization may 
improve COVID-19 outcomes among transplant recipients.
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1  | INTRODUC TION

An	 outbreak	 of	 coronavirus	 disease	 2019	 (COVID-19)	 caused	 by	
SARS-CoV-2	virus	began	in	Wuhan	Province,	China,	in	late	2019	and	
subsequently evolved to a global pandemic. Clinical presentation 
of COVID-19 can vary from mild respiratory symptoms to severe 

pneumonia with hypoxic respiratory failure.1,2 Cities around the world 
including New York, identified as geographic “hot spots” during this 
pandemic, faced the need for an approach to the management and 
diagnosis of patients presenting with mild symptoms suggestive of 
COVID-19 in the context of (a) limited availability of outpatient testing 
in the early weeks of the pandemic, (b) considerations of emergency 

F I G U R E  1   Templated assessment form for patient-reported symptoms and daily telephone monitoring
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department (ED) and hospital resource constraints during surge ca-
pacity, and (c) unclear efficacy of potential therapeutic agents some of 
which were only available to hospitalized patients. Little was known 
about the clinical presentation and progression of COVID-19 in im-
munosuppressed patients at the start of New York City's outbreak.3 
Our transplant center developed an algorithm for the assessment 
and triage of outpatient transplant recipients reporting symptoms 
of possible COVID-19. We report here our experience of outpatient 
management that was initially informed by guidance from the Centers 
for Disease Control and Prevention (CDC) and New York State 
Department of Health (NYS DOH) and subsequently modified by the 
outcomes in this report to inform best practices for high-risk immu-
nosuppressed transplant recipients suspected of having COVID-19.4,5

2  | MATERIAL S AND METHODS

Our multidisciplinary transplant team identified the need for a systematic 
approach to management of transplant recipients reporting symptoms 
consistent with possible COVID-19. For our kidney transplant program, 
our multidisciplinary team included 2 transplant infectious disease 
physicians, 2 transplant nephrologists, an abdominal transplant nurse 
practitioner (NP), a transplant infectious disease NP, and our transplant 
clinic director to formulate and implement an outpatient management 
and triage algorithm. The algorithm was informed by publicly available 
guidelines from CDC and from the NYS DOH which did not include rec-
ommendations specifically for immunosuppressed populations.

A	standardized	intake	assessment	and	documentation	template	
were created and implemented for incoming calls from patients with 
symptoms or potential COVID-19 exposures. Due to atypical pre-
sentations of other respiratory viral infections in immunosuppressed 
patients, our approach included a detailed assessment of patient-re-
ported symptoms followed by daily telephone monitoring for 
changes or progression of symptoms over 14 days. We utilized our 
existing 24-hour on-call center staffed by a registered nurse or nurse 
practitioner (RN/NP) for patient calls and a templated electronic 

medical record (EMR) note to ensure comprehensive and consistent 
capture of clinical data and follow-up plans (Figure 1). Best practices 
for staff and patient communication were followed including use of 
language interpreter services when indicated.

Patients’ self-reporting symptoms suspicious for COVID-19 were 
assessed for the need for immediate triage to the ED by discussion 
of the intake symptoms and epidemiologic information with a trans-
plant nephrologist. Symptoms were assessed to be mild if there was 
cough, fever, fatigue, myalgias, headache, sore throat or gastroin-
testinal symptoms in the absence of shortness of breath, chest pain, 
or home pulse oximeter reading <92 percent. Patients with mild 
symptoms deemed safe to be monitored as outpatients were called 
daily for 14 days to assess for progression of symptoms and to guide 
further triage. The decreased number of non-urgent outpatient vis-
its to our center allowed for the re-deployment of providers to the 
COVID-19 outpatient management center.

Patients with progressive symptoms were referred to the ED. 
Progressive symptoms were defined but not limited to fever for 
>2 days, shortness of breath, chest pain, decreased oral intake, and 
worsening diarrhea.

Four weeks after implementation of this outpatient strategy, we 
reviewed all patients to assess the number of cases requiring inpa-
tient management and the number of cases confirmed with COVID-
19 by diagnostic testing.

Approval	 for	this	study	was	obtained	from	the	NYU	Grossman	
School of Medicine Institutional Review Board. The data reported 
here were extracted from retrospective review of patient electronic 
medical records.

3  | RESULTS

3.1 | Description of the patient cohort

From	 3/15/2020	 to	 04/12/2020,	 a	 total	 of	 44	 kidney	 transplant	
recipients contacted the clinic reporting mild symptoms possibly 

F I G U R E  2   Patients managed through 
outpatient monitoring program
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related to COVID-19 and entered our outpatient monitoring system 
(Figure	2).	All	44	patients	in	this	cohort	have	completed	14	days	of	
monitoring or remain hospitalized. One of 44 patients (2.3%) tested 
positive	 for	 SARS-CoV-2	 PCR	 at	 an	 outpatient	 community	 facility	
and never required hospitalization. Nine of 44 patients (20.4%) did 
not require hospitalization because symptoms resolved. Eight of 
these	9	patients	were	never	tested	for	SARS-CoV-2	as	access	to	out-
patient testing was not available for clinically stable patients early in 
the outbreak. One of the 9 patients whose symptoms resolved was 
subsequently admitted for acute renal failure and during that admis-
sion	was	found	negative	for	SARS-CoV-2	on	PCR	testing.

Thirty-four of 44 (77.3%) patients had progression of symptoms re-
quiring	evaluation	in	the	ED.	All	34	patients	tested	positive	for	COVID-
19	by	nasopharyngeal	swab	SARS-CoV-2	PCR	on	presentation.	Nine	
of 34 patients were discharged from the ED/short stay unit and 7 of 
these 9 were readmitted to the hospital with progressive illness within 
a	median	of	5	days	(IQR	4-7.5)	(Figure	3).	Five	of	these	7	patients	who	
returned to the hospital were severely hypoxic on readmission requir-
ing	supplemental	high	flow	oxygen	or	intubation.	Three	of	these	5	pa-
tients required intubation with 1 clinically recovered and 2 deceased.

3.2 | Demographics

Baseline patient characteristics of the 34 patients hospitalized with 
progressive COVID-19 symptoms are shown in Table 1. Median age 
of	this	cohort	was	59	(IQR	52.5-63.8)	years.	The	majority	of	patients	
(64.7%) were male, and the median BMI was 27.4. Time since organ 
transplantation ranged from 34 days to 11.6 years with 14 of 34 
(41%) patients having been transplanted within the past 1 year.

3.3 | Clinical course of admitted patients

The	majority	(56%)	of	patients	had	cough	or	fever	as	an	initial	symp-
tom	 of	 COVID-19,	 while	 approximately	 15%	 of	 patients	 reported	

diarrhea. Thirty-two of the 34 (94.1%) patients were lymphopenic on 
presentation with a median absolute lymphocyte count of 400 cells/
μL	(IQR	300-600).	Almost	all	(32/34)	had	bilateral	airspace	opacities	
on admission chest radiograph. Median C-reactive protein on pres-
entation	was	101.45	mg/L	(range:	1.6-389;	reference	normal	range	
0-5	mg/L).	Eighteen	of	the	34	(52.9%)	hospitalized	patients	had	hy-
poxia on presentation requiring supplemental oxygen and 38.9% 
required intubation within 48 hours of admission. In addition, 18 of 
34	 (52.9%)	 of	 patients	 developed	 acute	 kidney	 injury	 during	 their	
hospitalization but none required dialysis. Thirty-three of 34 (97%) 
patients were treated with off-label use of hydroxychloroquine for 
5	days	 and	27	of	 34	 received	 azithromycin	 for	 5	 days	with	moni-
toring	 of	QTc	 interval	 on	 EKG.	Nine	 (26.5%)	 patients	were	 either	
enrolled in a placebo-controlled trial of a cytokine inhibiting agent 
(clazakizumab) or treated with the off-label use of the anti-IL-6 re-
ceptor monoclonal antibody tocilizumab.

3.4 | Outpatient immunosuppression management

The maintenance immunosuppression regimen for nearly all patients 
included an antimetabolite agent (97.1%), a calcineurin inhibitor 
(88.2%),	 and	 low-dose	 prednisone	 (100%).	 Antimetabolite	 agents	
were	discontinued	in	26	of	33	(78.8%)	patients,	decreased	by	50%-
75%	in	6	of	33	(18.2%)	patients	and	continued	without	change	in	1	of	
33 (3%) patients. The six patients on belatacept had their next dose 
held or delayed. Calcineurin inhibitors were continued in all patients.

3.5 | Overall outcomes

For the 34 patients with progression from mild symptoms to hospi-
talization for COVID-19, the median time to ED referral for further 
evaluation	was	5	days	 (IQR	1-7)	after	contacting	our	program,	 the	
median	duration	of	symptoms	prior	to	hospitalization	was	8	days	(QR	
4.5-10),	and	the	median	length	of	hospitalization	was	9.5	days	(IQR	

F I G U R E  3   Readmissions for patients with COVID-19 after short stay/ED visit



     |  5 of 6MEHTA ET Al.

5.25-15.75).	One	patient	remains	hospitalized	in	guarded	condition.	
To	date,	there	have	been	6	deaths	among	the	35	patients	with	con-
firmed COVID-19 who required hospitalization due to progressive 
symptoms. Five of the 6 deceased patients were intubated, while 
one was treated with positive pressure ventilation because he de-
clined	 intubation.	 Of	 the	 5	 patients	 who	 required	 intubation	 and	
subsequently died, 2 had tested positive in the ED with stable oxy-
genation 4 days prior to readmission. The median time from symp-
tom	onset	to	death	was	23	days	(range	21-58)	with	median	hospital	
days	of	16	(IQR	14.3-19.3).	No	patients	died	outside	of	the	hospital.

Twenty-six of the 34 hospitalized patients have returned home, 
and one patient was discharged to a rehabilitation unit. Patients suc-
cessfully	discharged	had	a	median	of	8	days	of	hospitalization	(IQR	
4.5-13.5)	with	 a	median	 of	 8	 days	 of	 symptoms	 prior	 to	 hospital-
ization	 (IQR	5-11).	 Twenty-four	discharged	patients	have	 reported	
complete resolution of their symptoms with median duration of 
symptoms	22.5	days	(IQR	18.8-30).	Of	the	four	patients	who	remain	
symptomatic, 3 are improving at home and 1 remains hospitalized. 
These four patients have had duration of symptoms for a median of 
51	days	(IQR	46-52).

4  | DISCUSSION

Transplant recipients are typically well connected to routine medical 
care and, due to intensive peri-transplant patient education, gener-
ally understand they are at heightened risk for infection secondary to 
immunosuppression.	Since	January	2017,	576	patients	have	under-
gone kidney transplantation at our center and have access to our on-
call service. Our on-call staffing provided a reasonable foundation 
for systematic outpatient monitoring of mildly symptomatic trans-
plant recipients during the COVID-19 outbreak as recommended by 
CDC general guidelines. Due to uncertainty about the clinical mani-
festation and outcomes of COVID-19 disease in immunosuppressed 
patients, we chose a cautionary approach with a rigorous 14-day 
telephone monitoring schedule for kidney transplant recipients who 
self-reported symptoms suggestive of COVID-19.

Importantly, despite a resource-intensive outpatient monitoring 
strategy, we found that the vast majority of transplant recipients 
who self-reported symptoms had clinical worsening while being 
monitored at home and progressed to hospitalization with confirma-
tion	of	COVID-19	diagnosis.	Further,	34	of	35	(97.1%)	patients	diag-
nosed with COVID-19 were hospitalized. This observation suggests 
greater disease burden compared to a report of early outcomes 
by Husain et al of kidney transplant outpatients in New York City 
where approximately half of 22 patients with confirmed COVID-19 
required hospitalization and the majority had symptom resolution 
as outpatients.6 Further data from transplant centers reporting out-
comes of outpatient management are needed to better understand 
the safety of outpatient monitoring, particularly where outpatient 
diagnostic testing is limited.

There are several risks to progression of COVID-19 in outpatient 
transplant recipients and delayed access to potential directed thera-
pies. First, more than half of patients in our cohort were hypoxic by 
the time of hospital presentation. The long-term effects of more se-
vere COVID-19 pneumonia and associated lung injury are unknown 
but could be potentially mitigated by earlier diagnosis and inpatient 
management. Secondly, though few patients initially reported di-
arrhea, by day of admission 11 of 34 (32%) of patients had devel-
oped progressive diarrhea and inability to tolerate food/liquids. 
Progression of respiratory and gastrointestinal manifestations of 
COVID-19 disease in the outpatient setting also poses greater expo-
sure risk to household contacts. Earlier testing of symptomatic out-
patients can guide contact tracing and provide additional benefits 
for infection control during an outbreak. Finally, more than half of 
the subsequently hospitalized kidney transplant recipients in our co-
hort developed acute kidney injury, which can impact long-term al-
lograft function. Earlier diagnosis of COVID-19 followed by inpatient 
supportive care may reduce the incidence of acute kidney injury. The 
risk of allograft rejection due to reduction of immunosuppression in 
the setting of severe infection remains unclear at this early stage of 
the COVID-19 pandemic. Simply reducing immunosuppression alone 
in the outpatient setting due to suspected infection without con-
firmation of COVID-19 or initiation of COVID-19 directed therapies 
may carry a higher risk of rejection and acute kidney injury.

TA B L E  1   Baseline characteristics of 34 kidney transplant 
recipients with progression of mild symptoms from COVID-19 to 
hospitalization

n (%)

Age,	years	(median,	IQR) 59	(52.5-63.8)

Male sex 22 (64.7%)

Race

African	American 15	(44.1%)

Hispanic 8	(23.5%)

Asian 2 (6.7%)

White 7 (20.6%)

Other 2 (6.7%)

Body mass index, kg/m2	(median,	IQR) 27.4	(24-31.5)

Kidney	transplant	within	the	prior	12	mo 14 (41%)

Time	since	transplant,	days	(median,	IQR) 444 (237 
−651)

Transplant type

Deceased donor organ 27 (79.4%)

Living donor 7 (20.6%)

Maintenance immunosuppression

Mycophenolate mofetil 33 (97.1%)

Tacrolimus 29	(85.3%)

Cyclosporine 1 (2.9%)

Belatacept 6 (17.6%)

Everolimus 1 (2.9%)

Prednisone	(5	mg	per	day) 34 (100%)

Duration of outpatient monitoring prior to 
hospitalization,	days	(median,	IQR)

5	(1-7)

Duration from symptom onset to hospitalization, 
days	(median,	IQR)

8	(4.5-10)
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Based on our experience to date, we strongly advocate that even 
mildly symptomatic transplant recipients should undergo rapid outpa-
tient	SARS-CoV-2	PCR	testing	with	early	hospital	admission.	Moreover,	
data have recently emerged describing the increased number of 
deaths in transplant recipients with COVID-19 which is 10X that of the 
general population and 3X when compared to the general population 
age 70 years and older7,8 suggesting that a one-size-fits-all approach 
to outpatient COVID-19 management is insufficient for transplant re-
cipients. The decision to admit or discharge an immunocompromised 
patient with COVID-19 from the ED should be individualized to the 
host, taking into account not only severity of symptoms but inflam-
matory markers such as C-reactive protein and ferritin levels, barriers 
to close outpatient follow-up and risk of clinical deterioration outside 
of the hospital. Patients discharged early in their disease course have 
a high probability of mortality as evidenced by disease progression in 
the 7 patients who required readmission. Early discharge in patients 
with ongoing symptoms must be done with great caution and we rec-
ommend it be done in consultation with the primary transplant team.

A	strength	of	our	report	is	a	focus	on	outcomes	of	mildly	symp-
tomatic outpatients who were subsequently confirmed to have 
COVID-19.	A	challenge	during	the	New	York	City	surge	was	the	inabil-
ity to test outpatients for other respiratory viruses which can cause 
similar symptoms. Our report also notably includes completion of a 
minimum of 14 days of monitoring for all patients described providing 
longer follow-up than early reports. Limitations of our study include 
reporting bias as some patients with mild symptoms may not have 
contacted our call center, potentially overestimating the percentage 
of mildly symptomatic patients with progressive infection. However, 
the majority of our transplant recipients are well connected to care 
and	all	are	aware	of	our	24-hour	call	center.	Additionally,	all	patients	
with active accounts received a MyChart COVID-19 prevention mes-
sage from our transplant center which included the importance of 
reporting symptoms suggestive of COVID-19 and all patients trans-
planted	within	the	past	5	years	received	phone	calls	with	prevention	
education messages. We also believe that the heightened public 
awareness of this novel and potentially fatal coronavirus at the onset 
of the COVID-19 outbreak in the United States would have contrib-
uted more likely to over-reporting, rather than under-reporting of 
symptoms by patients. To this point, 24 patients without symptoms 
called our transplant center during the study period reporting con-
cerns of possible exposures to persons with confirmed or suspected 
COVID-19 infection. Potential barriers to self-reporting of symptoms 
by telephone include limited assistance from family members for 
making	telephone	calls	due	to	self-isolation	and	language	barriers.	As	
noted,	 eight	 patients	with	mild	 symptoms	never	 underwent	 SARS-
CoV-2 PCR testing and may or may not have had COVID-19.

Our experience suggests that transplant recipients with even mild 
symptoms are likely to have a high risk of progressive COVID-19 and its 
associated morbidity and mortality. Our approach to monitoring out-
patients during the COVID-19 pandemic surge in New York City bene-
fited from a large integrated and multidisciplinary transplant provider 
team including transplant infectious diseases physicians. Yet, despite 
these resources, which may not be available at all transplant clinics, 

based on the progression of symptoms in our patient cohort we deem 
a symptom-based outpatient monitoring approach to be inadequate 
for our high-risk population. Our practice was modified to include 
SARS-CoV-2	PCR	testing	for	symptomatic	transplant	recipients	at	our	
institution as a result of early findings from this algorithm. Prompt out-
patient testing can allow earlier access to COVID-19 directed thera-
pies and supportive care which are likely to improve associated patient 
outcomes.	Allocation	of	testing	resources	should	prioritize	higher	risk	
populations such as immunocompromised transplant recipients.
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