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ABSTRACT

The coronavirus disease 2019 (COVID-19) pandemic caused by SARS coronavirus 2 (SARS-CoV-2) 

has caused significant morbidity and mortality for patients and stressed healthcare systems 

worldwide. The clinical features, disease course, and serologic response of COVID-19 among 

immunosuppressed patients such as solid organ transplant (SOT) recipients, who are at presumed 

risk for more severe disease, are not well characterized. We describe our institutional experience 

with COVID-19 among ten SOT patients, including the clinical presentation, treatment modalities, 

and outcomes of seven renal transplant recipients, one liver transplant recipient, one heart transplant 

recipient, and one lung transplant recipient. In addition, we report the serologic response in SOT 

recipients, documenting a positive IgG response in all seven hospitalized patients. We also review 

the existing literature on COVID-19 in SOT recipients to consolidate the current knowledge on 

COVID-19 in the SOT population for the transplant community.

INTRODUCTION

The emergence of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has led to a 

global pandemic with over 3 million reported cases and over 200,000 deaths.1,2 Clinical coronavirus 

disease 2019 (COVID-19) caused by SARS-CoV-2 varies from asymptomatic infection to critical 

illness with acute respiratory distress syndrome.3,4 Clinical manifestations include fever, fatigue, 

myalgias, dry cough, dyspnea, anosmia, and dysgeusia.5,6

Along with comorbidities such as hypertension, diabetes, cardiovascular disease, and chronic lung or 

kidney disease, malignancy is an identified risk factor for severe COVID-19 disease.4,7,8 However, the 

clinical presentation and disease course among other immunocompromised patients, including solid 

organ transplant (SOT) recipients, are not well characterized. Although SOT recipients with other 

respiratory virus infections often exhibit severe lower respiratory tract infection,9 the association 

between COVID-19 and intense cytokine release10 raises the possibility that immunosuppression 

may actually temper the exuberant inflammatory response in severe disease. Furthermore, despite 

interest in using SARS-CoV-2 serology to improve diagnosis and predict immunity, it is unknown 

whether SOT recipients will mount an antibody response against SARS-CoV-2.   
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This study aims to build our understanding of COVID-19 disease in the SOT population. We present 

the clinical features of COVID-19 in ten SOT recipients at our institution and describe the SARS-

CoV2 serologic response in the seven hospitalized SOT recipients.

MATERIALS AND METHODS

Study Subjects and Setting

Adult SOT recipients (age ≥18 years) cared for at the University of California San Francisco (UCSF) 

diagnosed with COVID-19 by RNA testing were identified via comprehensive standard clinical 

reporting to the UCSF SOT Program from March 9, 2020 to April 28, 2020. This study was approved 

under UCSF IRB protocols #20-30629 and #10-02598. Data on demographics, medical history, 

clinical results, treatment, and outcomes were extracted from the electronic medical record. 

During the study period, our institutional treatment approach was to enroll patients with COVID-19 

lower respiratory tract infection into clinical trials, if possible. The main trial has been the National 

Institute of Allergy and Infectious Diseases Phase 2 adaptive, randomized, double-blind, placebo-

controlled trial of the investigational antiviral drug remdesivir (NCT04280705).  Patients not qualifying 

for the study with moderate-to-severe hypoxemia were considered for either compassionate use 

remdesivir, hydroxychloroquine, or convalescent plasma. All admitted COVID-19 patients were 

provided aggressive supportive care.  

 

Laboratory testing 

COVID-19 RNA testing of nasopharyngeal and pooled nasopharyngeal/oropharyngeal swab samples 

was performed using a real-time reverse transcriptase-polymerase chain reaction (rRT-PCR) assay 

based on a U.S. CDC assay approved by FDA Emergency Use Authorization (EUA).11 

SARS-CoV-2 IgG serology was performed using an Abbott chemiluminescent microparticle 

immunoassay detecting IgG antibodies to the nucleocapsid protein of SARS-CoV-2 approved under 

FDA EUA12 where a chemiluminescent reaction measured as relative light units is used to calculate 

an index value.  At a predefined index value threshold of 1.4 for positivity, this assay performs with 

an analytical specificity of 99.5%. Compared to SARS-CoV-2 PCR, the assay has a positive percent A
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agreement of 91.2% and 100.0% at >7 days and ≥14 days from symptom onset, respectively and a 

negative percent agreement of 99.6%. Results of serologic testing were not reported clinically. Other 

laboratory and microbiology testing were conducted as part of standard medical care at the 

discretion of the clinical team.

CASE SERIES

We identified ten SOT recipients at our institution with COVID-19 infection (Table 1).

Demographics, Transplant Details, Co-morbidities 

The median age was 56.5 years (range 42-80 years) and six were men. Three patients were African-

American, two were Hispanic/Latino, two were Asian, one was Native Hawaiian/Pacific Islander, and 

one was white. There were seven kidney (Cases 1-6, 9), one lung (Case 7), one heart (Case 8), and 

one liver (Case 10) transplant recipient. The median time from transplant to presentation was 6.1 

years: two patients (Cases 4 and 5) underwent transplant within six months prior to presentation; the 

others were between 1.1-14.2 years post-transplant. None experienced recent rejection and seven 

were on triple immunosuppression (Cases 2, 8, and 10 had weaned off steroids). No patients were 

taking an ACE inhibitor or angiotensin receptor blocker. All patients had underlying co-morbidities 

(most commonly hypertension, diabetes, and cardiovascular disease) and three were obese (body 

mass index≥30).

Clinical Presentation

No patient had recent travel, although three had known or possible contact with a COVID-19 case. 

The median duration of symptoms at presentation was 4.5 days (range 1-21 days). Of the seven 

hospitalized patients, all had objective fevers during admission, but only two had fever >38.0˚C on 

presentation. Other common symptoms in these ten patients were subjective fever (N=8), cough 

(N=8), dyspnea (N=6), myalgias (N=5), fatigue (N=5). Less common symptoms were diarrhea (N=3) 

and anosmia/dysgeusia (N=2).

Laboratory Studies and Microbiology

Two patients had leukopenia and eight had lymphopenia, although five had baseline lymphopenia 

during the three months prior. Only one patient (Case 3) had a marginally elevated alanine A
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aminotransferase. Four patients (two of whom were kidney transplant recipients) had an elevated 

creatinine. Of the seven admitted patients, two had slightly elevated procalcitonin (0.30 and 0.31 

µg/mL) and all had elevated C-reactive protein. Other laboratory values are reported in Table 1. No 

patient had a documented viral co-infection based on standard microbiology testing; Case 8 had a 

sputum culture positive for Klebsiella late in his admission, thought to represent a ventilator 

associated pneumonia.

COVID-19 RNA Testing

All patients had positive COVID-19 RNA testing on nasopharyngeal or pooled 

nasopharyngeal/oropharyngeal samples (Figure 1). One patient (Case 10) underwent asymptomatic 

screening at her assisted living facility where she was found to be positive; four days later she 

presented to the emergency department with dyspnea and hypoxia. All other patients were tested 

upon presentation to care with acute symptoms. Four patients underwent repeat testing (Cases 1, 3, 

7, 8) as indicated in Table 1; two of the critically ill patients (Cases 1 and 7) had repeat positive tests 

out to days 39 and 33, respectively. Two patients (Cases 7 and 8) met our institutional criteria for 

discontinuation of isolation precautions (at least 14 days from symptom onset, at least 72 hours 

fever-free without anti-pyretic, and two consecutive negative COVID-19 swabs collected at least 24 

hours apart) near the end of their hospitalization.

Imaging Findings

Chest X-ray (CXR) was performed in nine patients: five were abnormal, with three showing bilateral 

opacities and two showing unilateral opacities. Computer tomography (CT) of the chest was 

performed in three patients (Cases 1, 7, 8) and all showed bilateral ground-glass opacities and 

consolidations.

Complications and Therapies

Seven patients required hospitalization, six required supplemental oxygen, and three (Cases 1, 7, 

and 9) required ICU admission (between days 10-14 after symptom onset). All ICU patients 

developed acute respiratory distress syndrome requiring mechanical ventilation (at between days 16-

19 after symptom onset) and shock requiring vasopressors. Five patients had acute kidney injury 

(one requiring renal replacement therapy) and two patients had a deep venous thrombosis. Cases 1 

and 7 were enrolled in the randomized controlled trial of remdesivir versus placebo, Case 7 was also A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

subsequently treated with hydroxychloroquine in the setting of critical illness, and Case 8 was treated 

with hydroxychloroquine alone. Case 9 was treated at a referring hospital with 

hydroxychloroquine/azithromycin, lopinavir/ritonavir, methyprednisolone and tocilizumab; he was 

then treated with convalescent plasma at our institution. No other patients received antivirals, 

steroids, or biologics for COVID-19 (although Case 7 received stress dose steroids for shock). Six of 

the seven hospitalized patients received antibiotics, as did one outpatient. Immunosuppressive 

therapy was decreased in all but two patients when COVID-19 was diagnosed (Table 1). 

Outcomes

The duration of follow-up ranged from four to 39 days (median 32 days). Five of the seven 

hospitalized patients were discharged (median length of stay 11 days, range 7-29) and the other two 

remain hospitalized. Two of the three patients requiring mechanical ventilation have been 

successfully extubated. No patient has died as of the time of this report.

SEROLOGIC ANALYSIS

SARS-CoV-2 IgG serology was performed on all seven of ten SOT recipients with COVID-19 who 

were hospitalized (Cases 1, 2, 3, 5, 7, 8 and 9) (Figure 1, Supplement).  Patients were tested 

serially over 1-22 timepoints throughout the course of their illness, ranging from 4 to 38 days after 

symptom onset.  All seven patients had a positive SARS-CoV-2 IgG serology result, with six 

seroconverting from negative to positive at timepoints ranging from day 6 (Case 8) to day 27 (Case 

2) from symptom onset (median 15 days). The only patient who did not seroconvert was tested once 

on day 17 of illness (Case 9). 

LITERATURE REVIEW

Existing literature on COVID-19 among SOT recipients is accumulating rapidly, and currently 

consists of case series and case reports.  Among these, five studies from China, Spain, and the U.S. 

(New York City) included over ten patients each.13–17
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Focusing on these five large series, SOT recipients were older (median age 51-72 years) and 

predominantly male (59-80%). In the U.S. studies reporting race/ethnicity,16,17 significant proportions 

of patients were Hispanic (42%) or African American (22-39%). Comorbidities including 

hypertension, diabetes, cardiovascular disease, chronic kidney disease, and obesity were highly 

prevalent.  Common presenting symptoms were fever (58-90%), dry cough (53-90%), and diarrhea 

(22-31%), with most patients exhibiting lymphopenia (67-80%) and elevated CRP (49-100%) on 

presentation.  Rates of complications including intubation and ICU level of care were high is most 

reports, including up to 39% in a New York City report of 36 kidney transplant recipients.16 Mortality 

among SOT recipients ranged from 7-28%, with the largest study of 90 SOT recipients (kidney, lung, 

liver, heart, heart-kidney) from New York City reporting a mortality rate of 18%.17 Although treatment 

of COVID-19 among SOT recipients varied significantly by study, decreased immunosuppression 

was a mainstay of treatment.  The majority of patients had antimetabolite therapy held (53-90%) and 

a smaller proportion had calcineurin inhibitor held or decreased (18-70%). Other therapies 

administered included hydroxychloroquine (4 of 5 studies, 86-91% of patients), tocilizumab (4 of 5 

studies, 6-16% of patients), boosted protease inhibitors (1 of 5 studies, 50% of patients) and IVIG (3 

of 5 studies, 3-70%). 

Among the smaller case series and individual case reports, notable findings included SOT recipients 

with COVID-19 who were early in their post-transplant course and had favorable outcomes.18–20 

Authors from Italy describe their experience with six liver transplant patients, among whom three 

were less than two years post-transplant and had mild disease whereas the three over 10 years from 

transplant died.20 In addition to the significant variability in treatment, patients who received boosted 

protease inhibitors experienced significant drug-drug interactions and toxicity.21  While most cases of 

COVID-19 among SOT recipients were managed with immunosuppression reduction, there were 

several case reports describing patients where immunosuppression was maintained and patients 

recovered.22–24

DISCUSSION

We report our institutional experience with ten SOT recipients with COVID-19, who demonstrated a 

wide spectrum of disease from mild infection successfully managed as an outpatient to severe A
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disease requiring mechanical ventilation. We also reviewed the existing literature on COVID-19 in 

SOT recipients and found significant variability in clinical features and management. 

Considering our cases and those reported in the literature, it is notable that the symptoms, laboratory 

values, and imaging in SOT recipients were similar to those of immunocompetent patients.3–6 The 

majority of patients described here were African-American, Hispanic/Latino, or Native 

Hawaiian/Pacific Islander. While our observations are derived from a small cohort, the racial/ethnic 

distribution of SOT patients in additional, larger studies will be of interest given emerging data from 

the U.S. indicating that African-American race may predispose to severe COVID-19 disease.25 Two 

of our SOT recipients, including one who was critically ill, were obese. This is slightly increased 

compared to the 11% prevalence of obesity among SOT recipients in Spain with COVID-19.13 

Obesity is a recently described potentially risk factor for severe disease in COVID-19,26,27 and more 

research is needed to determine if this association is seen in SOT recipients as well. 

It is notable that 30% of our patients required mechanical ventilation, which may indicate an 

increased risk of severe disease. However, despite being immunosuppressed with significant 

comorbidities associated with poor outcomes in COVID-19,3–6 there have been no deaths among 

SOT recipients with COVID-19 at our institution.  This result, taken in the context of high mortality 

rates reported among larger case series of COVID-19 in SOT recipients from the epicenters of the 

pandemic, may suggest the potential contribution of healthcare resource availability on patient 

outcomes. Further research is needed to establish the true mortality rate in SOT recipients and the 

role of immunosuppressive therapy in disease modulation. 

We also describe SARS-CoV-2 serology in SOT recipients. Despite poor performance of many 

infectious disease serologic tests in this population, we found that all seven patients assayed 

displayed an IgG serologic response, including a patient less than 6 months post-transplant. For 

three patients, seroconversion was documented, and occurred between days 6 and 27 after 

symptom onset.  In the immunocompetent population, recent data suggest that most (78-100%) 

patients develop a detectable IgG response 10-21 days after symptom onset.28–31 A study from China 

reported a liver transplant patient diagnosed with COVID-19 in the immediate post-transplant period 

who had a “higher than baseline” COVID-19 IgG nine days after symptom onset, and a kidney 

transplant recipient with IgG production 59 days after symptom onset.18 Further investigation into the A
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dynamics of the SARS-CoV-2 serologic response is required in SOT recipients, but this early report 

suggests that SOT patients are able to mount an antibody response to SARS-CoV-2, which may 

have diagnostic and prognostic implications.

Our study has several limitations. First, this is a single center analysis of a limited number of patients 

and may not be generalizable to other centers with different patient populations or treatment 

approaches. Second, the duration of follow-up is limited for some cases, as it has been in many 

clinical COVID-19 studies given the need to rapidly share knowledge in this quickly evolving 

pandemic. Lastly and most importantly, the role of serologic testing as a diagnostic tool and measure 

of immunity among SOT and other populations is currently not well defined. There is a risk of false 

positives, particularly with IgM testing, and a lack of clear evidence on which antibodies are 

surrogates of protection or potent at neutralizing virus.32

In summary, we report our experience with ten SOT patients with COVID-19 and found that, despite 

immunosuppression, their clinical features and serologic response seem to mirror immunocompetent 

patients. Notably, no SOT recipients at our institution have died despite existing literature 

documenting increased mortality in this population, emphasizing the importance of further studies to 

determine SOT subgroups who may have more favorable outcomes.  Additional research is urgently 

needed to close the knowledge gap regarding COVID-19 among SOT recipients.  
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FIGURE LEGENDS

Figure 1. SARS-COV-2 IgG serology and PCR results for all seven solid organ transplant recipients 

requiring hospitalization. IgG serology was conducted using Abbott chemiluminescent microparticle 

immunoassay detecting IgG antibodies to the SARS-CoV-2 nucleocapsid protein with index value of 

1.4 (dotted line) set as positive threshold.  PCR was conducted on nasopharyngeal and pooled 

nasopharyngeal/oropharyngeal swab samples.
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thnicity

47M
ale

B
lack

73M
ale

U
nknow

n

77M
ale

B
lack

61Fem
ale

Latino

71Fem
ale

A
sian

52M
ale

A
sian

50Fem
ale

Latino

42M
ale

N
H

/P
I

44M
ale

B
lack

80Fem
ale

W
hite

Transplant D
etails

Type 

Y
rs from

 transplant

R
ejection last 3 m

o

K
idney (LR

R
T)  

7.4

N
o

K
idney 

(LR
R

T) 

4.8

N
o

K
idney 

(D
D

R
T) 

10.8

N
o

K
idney 

(D
D

R
T) 

0.33

N
o

K
idney 

(D
D

R
T) 

0.42

N
o

K
idney 

(LU
R

T) 

1.1

N
o

B
ilateral Lung 

4.8

N
o

H
eart 

(O
H

T)

7.8

N
o

K
idney 

(D
D

R
T) 

9.3

N
o

Liver 

(LD
LT)

14.2

N
o

C
o-m

orbidities

B
M

I (kg/m
2)

D
M

, H
TN

, 

C
V

D

27.8

C
A

D
, D

M
, 

H
TN

, H
LD

27.4

C
A

D
, H

FrE
F, 

sarcoidosis

18.0

D
M

, H
LD

20.4

C
A

D
, D

M
, 

C
V

D

20.0

D
M

, H
TN

, 

H
LD

, 

hypothyroid

28.6

R
A

, D
M

, 

hypothyroid

36.1

C
K

D
, H

TN
, 

O
S

A
, gout, 

hypothyroid

49.4

H
TN

, C
K

D

23.6

C
A

D
, D

M
, 

H
TN

, C
K

D
, 

asthm
a, 

hypothyroid,  

dem
entia

36.6

M
edications
A

C
E

/A
R

B
 use

Im
m

unosuppression

N
o

Tac 0.5m
g bid,   

M
M

F 1gm
 bid,     

pred 5m
g qd

N
o

Tac 1m
g bid,      

M
M

F 750m
g 

bid

N
o

Tac 3m
g bid,      

M
M

F 500m
g 

bid, pred 5m
g 

qd

N
o

Tac 1.5/2gm
 

bid, M
M

F 

500m
g bid, 

pred 5m
g qd 

(thym
o 

induction)

N
o

Tac 0.5/1m
g 

bid, M
M

F 

500m
g bid, 

pred 5m
g qd 

(thym
o 

induction)

N
o

Tac 1m
g bid, 

M
M

F 1gm
 

bid, pred 5m
g 

qd

N
o

Tac 1.5m
g 

bid,   M
M

F 

360m
g bid, 

pred 7.5 qd

N
o

Tac 9m
g bid, 

M
M

F 250m
g 

bid

N
o

Tac 6m
g bid, 

M
P

S
 540m

g 

bid, pred 5m
g 

qd 

N
o

Tac 0.5m
g 

bid, M
M

F 

500m
g bid
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C
linical Presentation
R

ecent travel

C
O

V
ID

 contacts

S
ym

ptom
 duration(d)

Fever (subjective)

Fever (˚C
, initial)

Fever (˚C
, Tm

ax)

O
ther sym

ptom
s

N
o

N
o

14Y
es

38.3

39.4

D
ry cough, 

dyspnea, 

m
yalgia

N
o

M
aybe(S

N
F)

21Y
es

36.5

38.6

D
ry cough, 

dyspnea, 

m
yalgia, 

chest pain, 

fatigue, 

diarrhea, 

anosm
ia, 

dysgeusia

N
o

N
o

2Y
es

36.2

38.2

Fatigue

N
o

N
o

3Y
es

n/a

n/a

P
roductive 

cough

N
o

N
o

14Y
es

38.3

39.5

P
roductive 

cough, 

fatigue, 

anosm
ia, 

dysgeusia

N
o

N
o

3Y
es

36.9

n/a

D
ry cough, 

m
yalgia, 

fatigue, nasal 

congestion

N
o

Y
es(fam

ily)

5Y
es

37.5

39.5

D
ry cough, 

dyspnea, 

m
yalgia

N
o

N
o

4N
o

37.7

39.1

D
ry cough, 

dyspnea,  

m
yalgia, 

fatigue, 

diarrhea

N
o

N
o

6Y
es

37.7

39.3

D
ry cough, 

dyspnea, 

diarrhea

N
o

M
aybe(A

LF)

1N
o

36.8

n/a

D
yspnea

Laboratory Findings
a

W
B

C
 count  (x10

9/L)

Lym
phocyte (x10

9/L)

P
latelets (x10

9/L)

C
reatinine (m

g/dL)

A
S

T/A
LT (U

/L)

Troponin (µg/L)

C
R

P
 (m

g/L)

LD
H

 (U
/L)

P
rocalcitonin (µg/L)

D
-dim

er (ng/m
L)

5.8

0.70

275

1.10

15/10

<0.02

176.9

275

0.11

n/a

3.6

1.48

891.06

43/37

0.03

48.6

n/a

0.03

n/a

5.6

0.73

226

3.21

52/58

0.14

35.6

340

0.31

n/a

5.3

0.16

335

0.75

21/16

n/a

n/a

n/a

n/a

n/a

2.8

0.08

174

0.82

23/20

n/a

22.6

n/a

0.07

1276

4.0

0.16

280

1.14

16/17

n/a

n/a

145

n/a

n/a

4.9

0.57

133

1.10

14/16

<0.02

208.9

353

0.05

9725

4.6

1.11

117

5.23

24/16

<0.02

92.5

234

0.30

408

4.3

0.2 

141

2.93

19/15

n/a

135

n/a

n/a

543

4.9

0.54 

103

1.53 

21/14

0.02

n/a

172

n/a

1020

M
icrobiology Testing
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C
O

V
ID

 R
N

A
 

Influenza/R
S

V
 P

C
R

E
xtended viral panel b  

S
putum

 culture

B
lood cultures

d14(+), d33(+), 

d38(-), d39(+), 

d42(-)

neg

neg 

neg

neg

d21(+)

n/a

neg 

n/a

neg

d2(+),

d11(-)

neg

n/a

n/a

neg

d4(+)

n/a

n/a

n/a

n/a

d14(+)

n/a

neg

n/a

neg

d3(+)

n/a

n/a

n/a

n/a

d5(+), d10(+), 

d33(+), 

d37(-), 

d39(-)

neg

neg

neg

neg

d4(+), 

d10(-), 

d11(-)

n/a

neg

n/a

neg

d7(+)

n/a

n/a

K
lebsiella 

neg

d -4(+)

n/a

n/a

n/a

n/a

Im
aging
C

hest X
-ray

C
hest C

T

B
ilat nodular 

opacities 

B
ilat G

G
O

, 

nodular 

consolidation

C
lear

n/a

C
lear

n/a

n/a

n/a

B
ilat patchy 

opacities

n/a

C
lear

n/a

C
lear

B
ilateral 

G
G

O
, 

consolidation

C
hronic bilat 

opacities 

B
ilateral 

G
G

O
, 

consolidation

P
atchy 

infiltrate left

n/a

Left m
idlung 

opacity

n/a

C
om

plications
H

ospital adm
ission

IC
U

 (tim
e from

 sx, d)

O
ther com

plications

Y
es

Y
es (14)

A
R

D
S

, shock, 

A
K

I (resolved)

Y
es

N
o

N
one

Y
es

N
o

A
K

I 

(resolved)

N
o

N
o

N
one

Y
es

N
o

N
one

N
o

N
o

N
one

Y
es 

Y
es (10) 

A
R

D
S

, 

shock, D
V

T 

Y
es

N
o

A
K

I 

(persistent)

Y
es

Y
es (11)

A
R

D
S

, 

shock, A
K

I 

(C
R

R
T), D

V
T 

N
o

N
o

A
K

I

Therapies
S

upplem
ental O

2 (L)

M
ech ventilation

Tim
e from

 sx (d)

D
uration (d)

R
equired proning

Y
es 

Y
es

1611N
o

N
o

N
o

N
o

N
o

N
o

N
o

Y
es (2L)

N
o

N
o

N
o

Y
es 

Y
es 

1713 

Y
es

Y
es (3L)

N
o

Y
es 

Y
es

198+Y
es

Y
es (2L)

N
o
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E
xtubated

IS
 decreased

A
ntivirals

A
ntibiotics

S
teroids or biologics

C
onvalescent plasm

a

Y
es

Y
es - tac and 

M
M

F held

R
C

T

cefepim
e/doxy 

5d, m
ero 3d

N
one

N
o

Y
es - tac 

decreased, 

M
M

F held

N
one

vanc/pip-

tazo/azithro 

1dN
one

N
o

Y
es - M

M
F 

held

N
one

C
TX

/doxy 1d

N
one

N
o

Y
es - tac 

decreased

N
one

N
one

N
one

N
o

Y
es - M

M
F 

decreased

N
one

N
one

N
one

N
o

N
o

N
one

N
one

N
one

N
o

Y
es

Y
es - M

M
F 

held

R
C

T, then 

H
C

Q

C
TX

/azithro 

6d, 

vanc/m
ero 5d

S
tress dose 

steroids 

(shock)

N
o

Y
es - M

M
F 

held

H
C

Q

C
TX

/doxy x 

5dN
one

N
o

N
o

Y
es - tac, 

M
M

F held

H
C

Q
/azithro, 

LP
V

/r 

vanc/C
TX

/do

xy 7d, 

vanc/m
ero 7d  

Tocilizum
ab, 

m
ethylpred 

Y
es

N
o

N
one

C
efuroxim

e/

doxy x 7d

N
one

N
o

O
utcom

es
D

ischarged IC
U

D
ischarged hospital 

D
ied

D
uration follow

-up(d)

Y
es

Y
es 

(LO
S

 29d)

N
o

39

n/a

Y
es 

(LO
S

 7d)

N
o

34

n/a

Y
es 

(LO
S

 11d)

N
o

32

n/a

n/a

N
o

32

n/a

Y
es

(LO
S

 10d)

N
o

21

n/a

n/a

N
o

37

Y
es

N
o

N
o

39

n/a

Y
es 

(LO
S

 16)

N
o

27

N
o

N
o

N
o

21 

n/a

n/a

N
o

4
aFindings are the values from

 the day of diagnosis (for m
ost tests) or the first available during the hospitalization.

bE
xtended viral panel includes testing for influenza A

 (including subtypes H
1 and H

3) and B
, R

S
V

 A
 and B

, parainfluenza 1-3, m
etapneum

ovirus, adenovirus, and rhinovirus.

A
bbreviations: A

C
E

/A
R

B
: A

C
E

 inhibitor/A
ngiotensin receptor blocker; A

LF, A
ssisted living facility; B

M
I, body m

ass index; C
R

P
, C

-reactive protein; C
TX

: ceftriaxone; C
V

D
: 

cerebrovascular disease; C
R

R
T, continuous renal replacem

ent therapy; D
D

R
T: deceased donor renal transplant; D

M
: diabetes m

ellitus; G
G

O
: ground-glass opacities; H

C
Q

: 

hydroxychloroquine; H
FrE

F: heart failure w
ith reduced ejection fraction; H

LD
: hyperlipidem

ia; H
TN

: hypertension; LD
H

: lactate dehydrogenase; LP
V

/r, lopinavir/ritonavir; LD
LT, 

living donor liver transplant; LR
R

T: living related renal transplant; LU
R

T: living unrelated renal transplant; N
H

/P
I: N

ative H
aw

aiian or P
acific Islander; R

A
: rheum

atoid arthritis; 

M
M

F: m
ycophenolate m

ofetil; M
P

S
, m

ycophenolate sodium
; O

H
T: orthotopic heart transplant; R

C
T: random

ized controlled trial; S
N

F: skilled nursing facility; U
R

I: upper respiratory 

sym
ptom

s
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