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COVID-19 and Solid Organ Transplantation: 
A Review Article
Yorg Azzi, MD,1 Rachel Bartash, MD,2 Joseph Scalea, MD,3 Pablo Loarte-Campos, MD,1  
and Enver Akalin, MD, FAST, FASN1

INTRODUCTION
Severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) was first identified in December 2019 and subse-
quently designated as causing coronavirus disease 2019 
(COVID-19).1,2 Since that time, the COVID-19 pandemic 
has dramatically impacted the global economy, healthcare 
systems, and our regular way of life. Solid organ transplan-
tation (SOT) has been significantly impacted during the 

pandemic, resulting in a substantial decrease in transplant 
activity and an increase in mortality due to infection in 
transplant recipients. In this review, we aim to summarize 
the immune response to SARS-CoV-2, diagnostics, clinical 
outcomes in SOT recipients, transplant activity during the 
pandemic and treatment options.

CORONAVIRUSES AND IMMUNE RESPONSE TO 
SARS-CoV-2

Coronaviruses are known to cause disease in humans 
and animals. Among these, 4 human coronaviruses (229E, 
NL63, OC43, and HKU1) typically infect only the upper 
respiratory tract and cause relatively minor symptoms. 
However, severe acute respiratory syndrome coronavirus-1 
(SARS-CoV-1), middle east respiratory syndrome corona-
virus (MERS-CoV), and SARS-CoV-2 can replicate in the 
lower respiratory tract and cause pneumonia.2,3 The spike 
(S) protein, compromised of a S1 and S2 subunit, is expressed 
on the surface of viral particles, giving the characteristic 
“crown” appearance of coronaviruses. SARS-CoV-2 infects 
cells expressing angiotensin-converting enzyme 2 and 
TMPRSS2 surface receptors. Innate immune cells secrete 
proinflammatory cytokines that inhibit viral replication, 
stimulate the adaptive immune response, and recruit other 
immune cells to the site of infection.3,4 Neutralizing anti-
bodies can block viral infection, and alveolar macrophages 
and neutrophils phagocytose infected and apoptotic cells. 
Activated dendritic cells present pathogen-derived antigens 
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Review

Abstract. The coronavirus pandemic has significantly impacted solid organ transplantation (SOT). Early in the outbreak 
period, transplant societies recommended suspending living kidney transplant programs in communities with widespread 
transmission to avoid exposing recipients to increased risk of immunosuppression, while recommendations were made to 
reserve deceased-donor kidney transplantation for likely life-saving indications. SOT recipients may be at high risk from 
COVID-19 disease due to chronic immunosuppressive treatment and other medical comorbidities. Mortality rates reported 
between 13 to over 30% in SOT recipients. In addition to high rates of complications and mortality attributable to COVID-
19 infections, the pandemic has also led to additional complexities in transplantation including new questions regarding 
screening of donors and recipients, decision making to accept a patient for kidney transplant or wait after pandemic. The 
clinical implications of COVID-19 infection may also differ depending on the type of the transplanted organ and recipient 
comorbidities which further impacts decisions on continuing transplantation during the pandemic. Transplant activity during 
a pandemic should be tailored with careful selection of both donors and recipients. Furthermore, while tremendous strides 
have been made in treatment strategies and vaccinations, the impact of these in transplant recipients may be attenuated 
in the setting of their immunosuppression. In this review, we aim to summarize several aspects of COVID-19 in transplanta-
tion, including the immune response to SARS-CoV-2, SARS-CoV-2 diagnostics, clinical outcomes in SOT recipients, and 
end-stage kidney disease patients, transplant activity during the pandemic, and treatment options for COVID-19 disease.

(Transplantation 2021;105: 37–55).
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to naïve helper T cells to initiate the adaptive immune 
response, which eliminate the infected cells before the virus 
spreads. Both T- and B-cell responses against SARS-CoV-2 
are detected in the blood around 1 week after the onset of 
COVID-19 symptoms.5-7 CD8+ T cells are important for 
directly killing virus-infected cells, whereas CD4+ T cells 
are crucial to prime both CD8+ T cells and B cells and 
are responsible for cytokine production to recruit other 
immune cells. Natural killer (NK) cells kill virally infected 
cells via degranulation, receptor-mediated apoptosis, and 
antibody-dependent cell-mediated cytotoxicity. Finally, the 
complement system plays a role in immune cell recruit-
ment, activation, and destruction of pathogens. These ini-
tial immune responses lead to clearance of the virus with 
minimal lung damage and results in recovery.

Some patients’ symptoms gradually worsen within a week 
after developing symptoms, suggesting that severe COVID-
19 pathogenesis could be mediated by a dysregulated immune 
response.4 Transcriptional and serum profiling of COVID-
19 patients consistently revealed a unique and inappropri-
ate inflammatory response.4 Type I interferons are essential 
in antiviral immunity. There is an impaired interferon type 
1 response and exacerbated NF-κB-driven inflammatory 
response with increased IL-6 and TNF-alpha production 
in patients with COVID-19 infection.8 Higher circulating 
IL-6, IL-1Ra, CCL2, CCL8, CXCL2, CXCL8, CXCL9, and 
CXCL16 were observed in SARS-CoV-2+ patients in com-
parison to patients with non-COVID-19-related respiratory 
issues.9 Significant elevation of CXCL9 and CXCL16 (che-
moattractants of T or NK cells), CCL8 and CCL2 (which 
recruit monocytes and macrophages), and CXCL8 (a neutro-
phil chemoattractant) suggest that the presence of these cells 
may be a primary driver of the signature pathology observed 
in COVID-19 patients.10 Uncontrolled inflammation with 
cytokine storm inflicts multiorgan damage leading to heart, 
liver, and kidney failure. IL-6 has been documented to be a 
driving cytokine in pathogenesis, and increased serum IL-6 
levels are associated with mortality.11-13

Recent studies have suggested that genetic susceptibili-
ties may contribute to severe clinical manifestations seen in 
COVID-19 patients, particularly in younger patients with-
out other medical comorbidities. Inborn errors of Toll-like 
receptor-3 and IRF-7 dependent type 1 interferon immu-
nity14,15 and neutralizing autoantibodies to interferon16 
have been reported. A genome-wide association study 
involving 1980 patients with COVID-19 and severe disease 
identified a 3p21.31 gene cluster as a genetic susceptibility 
locus in patients with COVID-19 with respiratory failure.17

Lymphocytopenia and decreased CD3, CD4, CD8 
counts are common in patients with COVID-19 and corre-
late with disease severity.8,18,19 There are multiple possible 
mechanisms for this, including pulmonary recruitment of 
lymphocytes from the blood, direct virus killing of lympho-
cytes, T-cell apoptosis, and exhaustion.20 Severe COVID-
19 patients have depleted peripheral NK cell counts and 
increased neutrophil-to-lymphocyte ratio compared with 
mild cases and healthy controls.21,22 Cellular immunity 
to coronavirus could be more sustained, and T helper 
cell responses are critical in the generation of neutralizing 
antibodies.7,23 SARS-CoV-2 S-reactive CD4+ T cells were 
detected in 83% of patients with COVID-19 but also in 
35% of an unexposed healthy population.7 In another 
study, circulating SARS-CoV-2-specific CD8+ and CD4+ 

T cells were identified in ~70% and 100% of COVID-19 
convalescent patients, respectively5 but also in ~40%–
60% of unexposed individuals, suggesting cross-reactive 
T-cell recognition between other commonly circulating 
coronaviruses and SARS-CoV-2. The role of preexisting 
SARS-CoV-2 cross-reactive T cells for clinical outcomes 
remains to be determined in larger cohorts. Based on epi-
demiological data, adults contract coronavirus infections 
on an average of every 2–3 years. Protective antibodies 
may wane overtime, but cellular immunity could remain.24 
In contrast to some studies, Thieme et al reported that 
virus clearance and COVID-19 survival are not associated 
with either SARS-CoV-2 T-cell kinetics or magnitude of 
T-cell responses and disprove the hypothesis of insufficient 
SARS-CoV-2-reactive immunity in critical COVID-19.25 
Conversely, it indicates that activation of differentiated 
memory effector T cells could cause hyperreactivity and 
immunopathogenesis in critical patients.

DIAGNOSIS OF SARS-CoV-2
Reverse-transcription polymerase chain reaction 

(RT-PCR) assay of upper respiratory secretions, typically 
collected via nasopharyngeal swab, is the current diagnos-
tic test of choice for COVID-19.26 However, RT-PCR of 
SARS-CoV-2 has been associated with high rates of false 
negative results.27 Serologic assays of SARS-CoV-2 IgG 
and IgM antibodies could help to diagnose patients who 
have a negative RT-PCR despite COVID-like symptoms as 
well as identify those with past asymptomatic infection.28 
Screening for antibody testing in the general population 
has shown that COVID-19 infections are 6–24 times 
more prevalent than initially thought.29 However, anti-
body responses to coronavirus are variable and could be 
short lived. In a study of asymptomatic cases with posi-
tive RT-PCR, 81% were SARS-CoV-2 IgG + at 4 weeks 
postinfection, while only 60% remained positive at 8 
weeks.30 Similar positivity rates have been reported among 
kidney transplant recipients. At Montefiore Medical 
Center, 912 kidney transplant recipients were screened for 
SARS-CoV-2 IgG antibodies during routine clinic visits, of 
which 152 (16.6%) tested positive.31 Fifty-five of the 152 
patients had previously tested positive by RT-PCR, while 
the remaining 97 did not recall significant symptoms and 
had not been previously tested by RT-PCR. The prevalence 
of SARS-CoV-2 infection was 23.4% in the 975 kidney 
transplant recipients tested by either RT-PCR (n = 132) or 
SARS-CoV-2 IgG (n = 97). Eighty percent of the RT-PCR 
positive kidney transplant recipients tested positive for 
SARS-CoV-2 IgG antibodies during routine follow-up 
(median of 44 d postinfection; IQR, 31–58).31 Another 
study reported that 16 of 18 kidney transplant recipi-
ents mounted an antibody response.32 Seroprevalence of 
SARS-CoV-2 in patients receiving hemodialysis has been 
reported as high as 36.2%,33 but it was 8.0%34 in 28 503 
randomly selected adult patients receiving dialysis in July 
2020 in 1300 dialysis facilities across United States.

In addition to RT-PCR and serologic assays, viral anti-
gen testing can also be performed for SARS-CoV-2 diagno-
sis. These tests, which detect the presence of viral proteins 
rather than genetic material, are frequently used in the com-
munity setting as they are easy to perform, inexpensive, 
and have a short turnaround time compared with RT-PCR 
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testing. However, these are limited by lower sensitivity, and, 
therefore, negative results should be interpreted cautiously, 
especially in patients with COVID-like symptoms.

CLINICAL FEATURES AND OUTCOMES IN 
GENERAL POPULATION

Clinical features of COVID-19 include respiratory 
symptoms of cough and dyspnea and at least 2 of the 
following per CDC guidelines: fever, chills, muscle pain, 
headache, sore throat, and new loss of taste or smell. 
Diarrhea is also reported, especially in transplant recipi-
ents.18,35 Approximately 80%–85% of COVID-19 patients 
are asymptomatic or experience mild symptoms that do 
not require hospitalization. Among hospitalized patients, 
approximately half develop moderate to severe disease 
requiring oxygen, and 20%–25% develop critical dis-
ease, characterized by respiratory failure, systemic shock, 
or multiorgan failure.36 The median incubation period 
for infection is approximately 4–6 days (range 2–14), 
with 98% of symptomatic patients developing symptoms 
within 12 days.3,37,38 Initial reports from Wuhan39,40 and 
New York13,41,42 reported high mortality rates of 20%–
39% among hospitalized patients, which could be in part 
due to lack of social distancing and inappropriate personal 
protective equipment use leading to high viral exposure 
at the beginning of the pandemic.43 The overall mortal-
ity rate among patients with COVID-19 has been difficult 
to determine due to lack of widespread available testing. 
Initial reports by Johns Hopkins Coronavirus Resource 
Center (https://coronavirus.jhu.edu/map.html) docu-
mented mortality as high as 8%–15% in patients with 
positive RT-PCR; however, during that time testing was 
limited and available only to sicker patients. As testing has 
become more readily available, mortality has decreased to 
3% in the United States and would likely decrease further 
if antibody testing was more widely used. In Iceland, 44% 
of individuals infected with SARS-CoV-2 were not diag-
nosed by PCR but by antibody testing only and 91% of 
PCR positive patients developed antibodies.44

Autopsy findings from the lungs of COVID-19 patients 
showed distinctive vascular features, consisting of severe 
endothelial injury. Histologic analysis of pulmonary ves-
sels showed widespread thrombosis with microangiopa-
thy.45 Microthrombi of the lower limbs, brain, heart, liver, 
and kidneys were also described.46 COVID-19–associated 
macrophage activation, hyperferritinemia, cytokine storm, 
and release of pathogen-associated molecular patterns and 
damage-associated molecular proteins can result in release 
of tissue factor and activation of coagulation factors that 
create a predisposition to hypercoagulability. A multisys-
tem inflammatory syndrome and its temporal associa-
tion with COVID-19 has been reported in 186 previously 
healthy children and adolescents.47

COVID-19 IN SOLID ORGAN TRANSPLANT 
RECIPIENTS

A summary of articles reporting clinical features and 
outcomes in kidney transplant recipients with COVID-19 
are reported in Table 1. We limited our review to include 
those reporting data on at least 10 patients. The first report 
came from Wuhan, China, and documented only 1 death 
in 10 patients.48The initial report from the United States 

was from Montefiore Medical Center in New York, which 
found a 28% mortality in 36 kidney transplant recipients 
at a median follow-up of 21 days.18 Of these patients, 78% 
required hospital admission. Ninety-six percent of hospital-
ized patients had chest x-ray findings consistent with viral 
pneumonia, 39% required mechanical ventilation, and 21% 
required renal replacement therapy. Additional reports from 
other transplant centers in New York had variable mortality 
(13%–30%) and hospitalization rates (32%–100%).49-53 
Most European studies came from Italy, Spain, and France, 
which were the epicenter early in the pandemic. These stud-
ies reported outcomes like New York centers, with mortality 
ranging from 19% to 50%.54-62 While most studies were 
single center experiences, some studies reported clinical 
outcomes of national and international registries. TANGO 
international consortium reported outcomes of 144 hos-
pitalized kidney transplant recipients at 12 centers in the 
United States, Italy, and Spain.11 During a median follow-up 
period of 52 days (IQR, 16–66 d), acute kidney injury (AKI) 
occurred in 52% of cases, respiratory failure requiring intu-
bation in 29%, and mortality was 32%. A nationwide regis-
try from France described 279 kidney transplant recipients56 
of which 87% required hospitalization and 36% of hos-
pitalized patients required ICU care. Thirty-day mortality 
was 23%. A registry of the Spanish Society of Nephrology 
reported 94% hospitalization, 9% intensive care unit (ICU) 
stay, and 19% mortality in 286 kidney transplant recipients.

Some studies reported clinical outcomes of solid organ 
transplant recipients together, including kidney, liver, heart, 
and lung, and these results are summarized in Table 2. The 
University of Washington Registry has the largest series 
of patients, including 318 kidney or kidney-pancreas, 73 
liver, 57 heart, and 30 lung transplant recipients.63 Overall 
mortality was 18.7% and 20.5% in hospitalized patients. 
Seventy-eight percent of reported cases required hospitaliza-
tion, 31% mechanical ventilation, and 44% developed AKI. 
Five additional studies from US centers involving mostly kid-
ney transplant recipients reported a 67%–87% hospitaliza-
tion rate, 30%–35% requiring mechanical ventilation, and 
overall mortality rate of 5%–18% with 7%–24% mortality 
in hospitalized patients.64-68 A study of 53 SOT recipients 
from Sweden reported lower mortality (9.4% overall and 
14% in-hospital) and lower rates of mechanical ventilation 
(22%).69Miarons et al compared 46 SOT recipients with 166 
controls in a matched retrospective cohort study in Spain.70 
Mortality was higher in SOT recipients (37% versus 23%), 
but it was not statistically significant. While the mortality 
was 20% in 85 SOT recipients in Iran,71 the lowest mortality 
was reported in Saudi Arabia72 (3%).

AKI is a frequent complication of COVID-19 and 
is seen in 30%–89% of hospitalized kidney transplant 
recipients (Table 1). AKI is likely due to multiple factors, 
including reduced renal perfusion, multiorgan failure, and 
cytokine storm. While it may be transient, Lubetzky et al 
reported a graft loss of 11% post COVID-19 associated 
AKI,51 Caillard et al from France reported 4% and our 
experience at Montefiore Medical Center was 6.3%.56 
Immunohistochemistry studies of postmortem analy-
sis showed viral particles in the kidney.74 Viral infection 
induces CD68+ macrophage infiltration and enhances com-
plement C5b-9 deposition on tubules. It has been suggested 
that the virus may trigger direct cytopathic changes in the 
kidney as well.74,75
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TABLE 1.

Clinical outcomes of kidney transplant recipients with COVID-19

Article/country
Patient 
number Patient’s characteristics and comorbidities Clinical outcomes

Predictors of  
mortality

Cravedi et al
United States, Spain, Italy
TANGO Registry11

144 patients Sex: 94/144 (65%)
Median age: 62 IQR (52–69)
Race: 56/144 (40%) Hispanic, 43/144 (31%) 

Caucasian, 35/144 (25%) African American
hypertension 137/144 (95%)
Diabetes mellitus 75/144 (52%)
Obesity 71/144 (49%)
Heart disease 41/144 (29%)
Lung disease 27/144 (19%)

Mortality 46/144 (32%)
Hospitalized 144/144 (100%)
Intubation 42/144 (29%)
AKI 74/144 (52%)

Older age
Respiratory  

rate ≥20/min
Elevated IL-6 levels
Low eGFR

Lubetzky et al
United States
Single center51

54 patients Sex: Male 38/54 (70%)
Median age: 57 IQR (29–83)
Race: Caucasian 17/54 (31%), Hispanic 17/54 

(31%), Black 13/54 (24%), Asian 6/54 (11%), 
Middle Eastern 1/54 (2%)

Hypertension 50/54 (90%)
Diabetes mellitus 16/54 (30%)
Heart disease 19/54 (35%)
Lung disease 8/54 (15%)

Mortality 7/54 (13%)
Hospitalized 39/54 (72%)
ICU stay 11/54 (20%)
AKI 21/54 (39%)
Graft loss 6/54 (11%)
Discharged 30/39 (77%)

N/A

Mehta et al
United States
Single Center53

44 patients Sex: Male 22/34 (65%)
Median age: 59 IQR (52.5–63.8)
Race: Black 15/34 (44%), Hispanic 8/34 (24%), 

White 7/34 (21%), Asian 2/34 (7%)

Mortality 6/44 (14%)
Hospitalized 34/44 (77%)
ICU stay 13/34 (39%)
AKI 18/34 (53%)
Discharged 27/34 (79%)

N/A

Husain et al
United States
Single Center50

41 patients Sex: Male 30/41 (73%)
Median age: 49 IQR (41–63)
Hypertension 23/41 (56%)
Diabetes mellitus: 37/41 (90%)
Obesity: 12/41 (29%)

Hospitalized 13/41 (32%) N/A

Akalin et al
United States
Single Center18

36 patients Sex: Male 26 of 36 (72%)
Median age: 60 range (32–77)
Race: Black 15/36 (39%), Hispanic 14/36 (42%)
Hypertension 34/36 (94%)
Diabetes mellitus 25/36 (69%)
Heart disease 6/36 (17%)

Mortality 10/36 (28%)
Hospitalized 28/36 (78%)
Intubation 11/28 (39%)
RRT 6/28 (21%)
Discharged 10/28 (36%)

N/A

Hartzell et al
United States
Multicenter32

18 patients Sex: Male 30/54 (56%)
Mean age: 55.2 SD (±14)
Race: Black 7/18 (39%), White 3/18 (17%), Oth-

ers 8/18 (44%)
Ethnicity: Hispanic 7/18 (39%)
Hypertension 17/18 (94%)
Obesity 6/18 (33%)
Heart disease 3/18 17%)
Lung disease 3/18 (17%)
Cancer 4/18 (22%)

Mortality 7/18 (39%)
Hospitalized 18/18 (100%)
ICU stay 11/18 (61%)
AKI 16/18 (89%)
Discharged 11/18 (61%)

N/A

Mohan et al
United States
Single Center49

15 patients Sex: Male 10/15 (66%)
Median age: 51 IQR (28–72)

Mortality 2/15 (13%)
Hospitalized 15/15 (100%)
Intubation 4/15 (27%)
AKI 6/15 (40%)
RRT 2/15 (13%)
Discharged 8/15 (53%)

N/A

Nair et al
United States
Single Center52

10 patients Sex: Male 6/10 (60%)
Median age: 57 IQR (47–67)
Race: Caucasian 6/10 (60%), Black 4/10 (40%)
Hypertension 10/10 (100%)
Diabetes mellitus 8/10 (80%)
Heart disease 2/10 (20%)

Mortality 3/10 (30%)
Hospitalized 10/10 (100%)
ICU stay 5/10 (50%)
AKI 3/10 (30%)
Discharged 7/10 (70%)

N/A

(Continued next page)
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Sanchez-Alvarez et al
Spain
Registry of Spanish  

Society of nephrology61

286 patients Sex: Male 189/286 (66%)
Mean age: 60 SD (±13)

Mortality 53/286 (19%)
Hospitalized 268/286 (94%)
ICU stay 25/286 (9%)

Older age
Pneumonia on imaging

Fava et al
Spain
Multicenter60

104 patients Sex: Male 60/104 (56%)
Mean age: 59.7 SD (±12.48)
Race: Caucasian 90/104 (87%), Hispanic 9/104 

(9%), African American 4/104 (4%)
Hypertension 90/104 (87%)
Diabetes mellitus 32/104 (31%)
Obesity 28/104 (27%)
Heart disease 31/104 (30%)
Lung disease 16/104 (15%)

Mortality 28/104 (27%)
Hospitalized 104/104 (100%)
ICU stay 24/104 (23%)
AKI 47/100 (47%)

Older age
ARDS on admission
Elevated LDH on 

admission

Crespo et al
Spain
Multicenter57

16 patients Sex: Male 12/16 (75%)
Mean age: 73.6 SD (±4.7)
Race: Caucasian 14/16 (88%)
Hypertension 14/16 (88%)
Diabetes mellitus 8/16 (50%)
Obesity 7/16 (44%)
Heart disease 8/16 (50%)
Lung disease 3/16 (19%)
Cancer 5/16 (31%)

Mortality 8/16 (50%)
Hospitalized 15/16 (94%)
ICU stay 2/16 (13%)
AKI 5/15 (33%)

Higher respiratory rate 
on admission

Anemia on admission
Lymphopenia on 

admission
Higher serum creati-

nine, D-Dimer and 
C-Reactive protein 
on admission

Bossini et al
Italy
Multicenter55

53 patients Sex: Male 42/53 (79%)
Median age: 60 IQR (50–67)
Hypertension 42/53 (79%)
Diabetes mellitus 11/53 (21%)
Heart disease 10/53 (19%)

Mortality 15/45 (33%)
Hospitalized 45/53 (85%)
ICU stay 10/45 (22%)
AKI 15/45 (33%)
RRT 3/15 (20%)
Discharged 27/45 (60%)

Age >60
Dyspnea on admission

Alberici et al
Italy
Single Center54

20 patients Sex: Male 16/20 (80%)
Median age: 59 IQR (51–64)
Hypertension 17/20 (85%)
Diabetes mellitus 3/20 (15%)
Heart disease3/20 (15%)

Mortality 5/20 (25%)
Hospitalized 20/20 (100%)
ICU stay 4/20 (20%)
AKI 6/20 (30%)
RRT 1/6 (17%)
Discharged 3/20 (15%)

N/A

Caillard et al
France
French Registry56

279 patients Sex: Male 182/279 (65%)
Median age: 61.6 IQR (50.8–69)
Hypertension 201/252 (90%)
Diabetes mellitus 92/223 (41%)
Heart disease 81/224 (36%)
Lung disease 33/223 (15%)
Cancer 35/226 (16%)

Mortality at 30 d (23%)
Hospitalized 243/279 (87%)
ICU stay 88/243 (36%)
AKI 106/243 (44%)
RRT 27/243 (11%)
Graft loss 9/243 (4%)

Age >60
Cardiovascular disease
Dyspnea on admission

Elias et al
France
Multicenter59

66 patients Sex: Male 37/66 (56%)
Mean age: 56.4 SD (±12.5)
Race: Non-white 24/66 (36%)
Hypertension 58/66 (88%)
Diabetes mellitus 31/66 (47%)
Obesity 20/66 (30%)
Heart disease 1/66 (2%)
Lung disease 13/66 (20%)

Mortality 16/66 (24%)
Hospitalized 60/66 (91%)
ICU stay 15/66 (22%)
AKI 28/66 (42%)
RRT 7/28 (25%)

N/A

Benotmane et al
France
Single Center62

49 patients Sex: Male 37/49 (76%)
Median age 62.2 IQR (52.3–67.8)
Hypertension 41/49 (84%)
Diabetes mellitus 23/49 (47%)
Obesity 22/49 (45%)
Heart disease 18/49 (37%)
Lung disease 9/49 (18%)

Mortality 9/49 (19.5%)
Hospitalized 41/49 (84%)
ICU stay 14/41 (34%)
AKI 31/41 (76%)

C-reactive protein 
>100 mg/L

Interleukin-6 >65 ng/L
D-dimer >960 ng/ml
High-sensitivity Tro-

ponin I >30 ng/L

TABLE 1. (Continued)

Clinical outcomes of kidney transplant recipients with COVID-19

Article/country
Patient 
number Patient’s characteristics and comorbidities Clinical outcomes

Predictors of  
mortality

(Continued next page)
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Kidney transplant recipients are expected to be at an 
increased risk of complications from COVID-19 not only 
due to their chronic immunosuppression but also due to 
their other comorbidities. In the studies discussed above, 
hypertension was observed in 50%–100% of patients, 
diabetes mellitus in 15%–90%, cardiovascular disease in 
8%–50%, chronic lung disease in 8%–20%, and obesity in 
29%–69%. Williamson et al reviewed 10 926 COVID-19-
related deaths and identified organ transplant as a risk fac-
tor for mortality with a hazard ratio of 6.00.76 However, 
Chaundry et al compared 47 SOT recipients (38 kidneys 
and 9 nonkidney organs) with 100 hospitalized nontrans-
plant controls and did not find an association between 
transplant status and mortality.64 Similarly, in a multi-
center cohort study of over 4000 adults admitted to ICUs 
with COVID-19, Molnar et al found that death within 28 
days of ICU admission was similar in SOT and non-SOT 
patients using propensity matched scoring (40% and 43%, 
respectively).73It is not clear if chronic immunosuppressive 
treatment of transplant recipients could decrease the sever-
ity of cytokine storm and clinical picture.

Factors associated with higher mortality included older 
age,11,13,40,41,55,56,60,61,63-67,77-79 diabetes mellitus,67,78 
obesity,63,79 frailty,40,64 chronic heart,13,56,63,66,77,79 kid-
ney,11,57,67,79 and lung disease13,63,67 and longer dialysis vin-
tage.80 Dyspnea, a common symptom of COVID-19, has 
also been reported as a risk factor for mortality in multiple 
studies.55-57 In terms of laboratory values, lymphopenia 
and higher levels of C-reactive protein, ferritin, procalci-
tonin, IL-6, D-dimer, and lactate dehydrogenase have been 
reported to be predictors of mortality.11,13,39,40,57,62-67,77 
African-American and Hispanic patients, also have a 
higher prevalence of COVID-19, are more frequently hos-
pitalized and have higher mortality.81 Mortality is also 
higher among patients with lower income and those who 
live in more densely populated areas.81 Higher mortality 
has also been observed in males.79 Female patients mount 

a significantly more robust T-cell activation than male 
patients during SARS-CoV-2 infection.82 A blood-group–
specific analysis showed a higher risk in blood group A 
and a protective effect in blood group O as compared with 
other blood groups.17 The impact of immunosuppression 
on COVID-19 is also unclear.83,84 In a report of 40 patients 
from Turkey with COVID-19, immunosuppression regi-
men on admission was associated with high mortality, 
though interestingly, patients who were on cyclosporine 
tend to have a survival benefit in this series.58

COVID-19 IN NONRENAL SOLID ORGAN 
TRANSPLANT RECIPIENTS

Publications related to clinical outcomes in liver, heart, 
and lung transplant recipients are summarized in Table 3. 
Webb et al reported the largest series of 151 liver trans-
plant recipients from 18 countries.85 Eighty-two percent 
required hospitalization, 28% ICU admission, and mor-
tality was 19%. Interestingly, mortality was lower than 
nontransplant controls (19% versus 27%; P = 0.046). 
AKI was common and 32% of patients required dialysis. 
Patients had other comorbidities, including hypertension 
(42%), diabetes mellitus (43%), obesity (29%), and car-
diovascular disease (15%), and mortality has associated 
these comorbidities along with older age and higher base-
line serum creatinine levels. The other 3 studies from the 
United States, Spain, and Europe reported similar mortality 
rates of 12%–18% with older age, male sex, lymphopenia, 
increased D-dimer, and elevated ferritin levels identified as 
predictors of mortality.86-88 These reports suggested lower 
mortality in liver transplant recipients compared with kid-
ney transplant recipients.

Four studies with small numbers of heart transplant 
recipients (between 13 and 28) reported overall mortal-
ity rate of 15%–33% and 25%–41% in hospitalized 
patients.89-92 Among heart transplant recipients with 
COVID-19 other medical comorbidities were common, 

Mohamed et al
United Kingdom
Multicenter
(Transplantation in press)

28 patients Sex: Male 16/28 (57%)
Median age: 57 IQR (25–72)
Hypertension 23/28 (85%)
Diabetes mellitus 10/28 (37%)
Overweight 21/28 (75%)
Heart disease 5/28 (18%)
Lung disease 4/28 (14%)

Mortality 9/28 (32%)
Hospitalized 25/28 (89%)
ICU stay 5/25 (20%)
AKI 14/25 (56%)

Older age (trend 
toward increased 
mortality)

C-reactive protein 
>86 mg/L

Demir et al
Turkey
Multicenter58

40 patients Sex: Male 20/40 (50%)
Mean age: 44.9 SD (±14.8)
Hypertension 26/40 (65%)
Heart disease 3/40 (7.5%)
Lung disease 3/40 (7.5%)

Mortality 5/40 (12.5%)
Hospitalized 39/40 (98%)
ICU stay 7/40 (18%)
AKI 14/40 (35%0

Anti-rejection therapy 
on admission

Cyclosporine use was 
associated with 
lower risk of death

Zhu et al
China
Single Center48

10 patients Sex: Male 8/10 (80%)
Age range: 24–65
Hypertension 5/10 (50%)
Heart disease 3/10 (30%)
Lung disease 1/10 (10%)

Mortality 1/10 (10%)
Hospitalized 10/10 (100%)
AKI 5/10 (50%)
Discharged 8/10 (80%)

N/A

AKI, acute kidney injury; ICU, intensive care unit; IQR, interquartile range; LDH, lactic dehydrogenase; RRT, renal replacement therapy.

TABLE 1. (Continued)

Clinical outcomes of kidney transplant recipients with COVID-19

Article/country
Patient 
number Patient’s characteristics and comorbidities Clinical outcomes

Predictors of  
mortality
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TABLE 2.

Clinical outcomes of solid organ transplant recipients with COVID-19 (results reported as combined in kidney, liver, 
heart, and lung transplant recipients)

Author/
country

Transplanted 
organ

Patient  
number

Cohort studied/
transplant to COVID 

diagnosis (y/mo)
Comorbid conditions/ 
patient characteristics

Reported clinical events
(hospitalized patients)

Predictors of adverse 
outcome

Kates et al
United States 

and 
Spain63

Multiple SOT
(kidney, liver, 

heart, 
and lung)

482 318 kidney or kid-
ney-pancreas/73 
liver/57 heart/30 
lung

The median interval 
from transplanta-
tion was 5 y.

Hypertension 77%
Diabetes mellitus 51%
CKD 37%
Obesity 35%
Chronic lung disease 10%
CHF 8%
61% male
Median age: 58
Caucasians 47.5%
African American 41.1%

Mortality rate: 18.7%.
In-hospital mortality rate: 

20.5%.
78% Hospitalized
AKI: 44%.
Mechanical ventilation 31%.
ICU admission: 39%.
New thromboembolic  

events: 3%.

Age (>65).
Congestive heart failure 

(CHF), chronic lung 
disease and obesity.

Presence of pneumonia 
at baseline (abnormal 
chest imaging)

Lymphopenia (<0.5  
thousand/mL)

Molnar et al
United 

States73

Multiple SOT
(Kidney, liver, 

heart, and 
lung).

98 67 kidney/13 
liver/13 heart/4 
lung/1 pancreas.

Hypertension 84%
Diabetes mellitus 65%
CKD 56%
CAD 27%
CHF 20%
Active malignancy 7%
COPD 6%
73% male.
Median age: 58
African American 44%
Caucasians 30%

Mortality rate: 40%
100% Hospitalized.
ARDS: 74%.
AKI requiring dialysis: 37%
New infection 24%
ICU Admission: 100%.
Mechanical ventilation 56%.

Similar 28-d mortality in 
SOT patients to non-
SOT patients.

SOT patients had a non-
significant trend toward 
a higher risk of AKI.

Pereira et al
United 

States65

Multiple SOT
(kidney, liver, 

heart, and 
lung).

90 46 kidney/17 
lung/13 liver/9 
heart/5 dual 
organs.

The median interval 
from transplanta-
tion was 6.6 y.

Hypertension 64%
CKD 63%
Diabetes mellitus 46%
Chronic lung disease 19%.
Obesity 6%
ESRD 6%
Cancer 3%
59% male.
Median age: 57.
Caucasians 63%
Hispanics 42%

Mortality rate: 18%.
In-hospital mortality rate: 

24%.
76% hospitalized.
Mechanical ventilation 35%.
ICU admission: 34%.

Older age.
Hypertension.
Dyspnea on presentation.
Elevated procalcitonin 

level.

Roberts et al
United 

States66

Multiple SOT
(kidney, liver, 

heart, and 
lung).

52 29 kidney/6 lung/9 
liver/6 heart/2 
dual organs.

The median interval 
from transplanta-
tion was 43.5 mo.

Hypertension 83%
CKD 75%
Smoker 44%
Diabetes mellitus 35%
ischemic heart disease 

23%
CHF 19%
Chronic lung disease 17%.
Cancer 2%
65% male
Median age: 58
Caucasians 48%
Hispanics 33%

Mortality rate: 16%
In-hospital mortality rate: 

21%
77% hospitalized.
Mechanical ventilation 35%.
ICU admission: 35%.

Older age.
Ischemic heart disease.
Elevated WBC and ANC.
Greater elevation of liver 

function tests, LDH, 
CRP, procalcitonin, and 
creatinine kinase.

The requirement for sup-
plemental oxygen.

Chaudhry 
et al

United 
States64

Multiple SOT
(kidney, liver, 

heart, and 
lung).

47 38 kidney/4 lung/5 
heart/1 liver /1 
pancreas.

The median interval 
from transplanta-
tion: N/A.

Hypertension 94%
Diabetes mellitus 66%
CKD 89%
CHF 23%
CAD 12.8%
Active malignancy 8.5%
68% male.
Median age: 61
African American 83%

Mortality rate: 17%
In-hospital mortality rate: 

23%
74% hospitalized.
ARDS:35.5%.
AKI: 46.8%.
AKI requiring dialysis: 20%
ICU admission: 37%.
Mechanical ventilation 34%.

Age >60 y.
Higher qSOFA, NEWS, 

HFH COVID-19 severity 
score.

Ferritin >500 ng/mL.
ICU Admission.

(Continued next page)
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including diabetes mellitus (15%–69%), hypertension 
(58%–85%), chronic kidney disease (28%–85%), and 
cardiac allograft vasculopathy (19%–57%). Rivinius et 
al89 reported 28% of COVID-19 + heart transplants had 
reduced right ventricular function and increased pulmo-
nary pressures, while Latif et al90 found evidence of myo-
cardial injury in 77% of heart transplant patients.

Three studies reported outcomes in lung transplant 
recipients.93-95 Most of these patients had other medi-
cal comorbidities as summarized in Table  3. The largest 
series from Aversa et al included 32 patients and showed 
an overall mortality rate of 34% with rates of 40% in 
hospitalized patients and 100% in intubated patients.93 
Thirty-four percent of lung transplant recipients required 

ICU admission, 31% had shock, 63% developed AKI, and 
47% had coinfections.

COVID-19 IN END-STAGE RENAL DISEASE 
PATIENTS

When determining the safety of performing kidney trans-
plantation during the COVID-19 pandemic, the risk of this 
procedure must be weighed against the risk of COVID-
19 in patients with end-stage kidney disease (ESKD) and 
those waiting for transplantation. We reviewed 9 publi-
cations related to ESKD and COVID-19 (Table  4). Early 
reports from European centers found a mortality rate of 
20%–31% among patients on chronic dialysis who were 

Sharma et al
United 

States67

Multiple SOT
(kidney, liver, 

heart, and 
lung).

41 16 kidney/3 lung/9 
heart/8 liver/5 
dual organs.

The median interval 
from transplanta-
tion was 9 y.

Hypertension 77%
Diabetes mellitus 51%
CKD 37%
Obesity 35%
Chronic lung disease 10%.
CHF 8%
80% male.
Median age: 60
African American 66%
Caucasians 32%

Mortality rate: 14.6%.
In-hospital mortality rate: 

17%.
87% Hospitalized.
Mechanical ventilation 

30.5%.
Dialysis: 30.5%.
Severe COVID-19 disease: 

50%.

Older age
Heart disease, dementia, 

diabetes mellitus and 
COPD.

Decreased absolute 
lymphocyte count.

Elevated BUN and  
potassium.

Yi et al
United 

States68

Multiple SOT
(kidney, liver, 

heart, and 
lung).

21 12 kidney/3 liver/2 
heart/4 multio-
rgan

90% had at least 1 comor-
bidity

such as hypertension, DM, 
obesity, chronic lung

Disease, and cardiovascular 
disease

Mortality rate 5%
67% hospitalized
ICU admission: 50%.
AKI 56%

N/A

Felldin et al
Sweden69

Multiple SOT
(kidney, liver, 

heart, and 
lung).

53 31 kidney/5 lung/5 
heart/8 liver /4 
dual organs.

The median interval 
from transplanta-
tion was 6.9 y.

Hypertension 53%
Diabetes mellitus 28%
CKD 26%
Cardiovascular disease 

21%
80% male.
Median age: 56

Mortality rate: 9.4%
In-hospital mortality  

rate: 14%
70% hospitalized.
ICU admission: 22%.
Dialysis: 32%.
Severe COVID-19  

disease: 32%
Mechanical ventilation 19%.

Higher median WBC.
Higher median creatinine 

on admission.
Raised CRP and serum 

ferritin.

Miarons et al
Spain70

Multiple SOT
(Kidney, liver, 

and lung).

46 30 kidney/13 lung/3 
liver

Hypertension 67%, Diabetes 
mellitus 44%, CKD 78%, 
Cardiovascular disease 
22%, chronic lung 
disease 36%, median 
age 62.7

Mortality 37%, 100%  
hospitalized, ICU admis-
sion 22%, ARDS 20%

N/A

Ali et al
Saudi  

Arabia72

Multiple SOT
(kidney, liver 

and lung).

67 44 kidney/15 liver/8 
lung

Hypertension 34%, 
Diabetes mellitus 43%, 
ischemic heart disease 
15%, mean age 52

Mortality 3%, 70%  
hospitalized, ICU  
admission 15%, AKI 19%

Higher D-dimer and LDH

Malekhosseini 
et al

Iran71

Multiple SOT
(kidney, liver, 

and pan-
creas).

85 66 liver/16 kidney/2 
kidney/pancreas, 
and 1 liver/kidney

Hypertension 19%,  
diabetes mellitus 26%, 
cardiac 2.4%

Mortality 20%, 66%  
hospitalized, 34% ICU 
admission,

Leukopenia, low albumin 
levels, shorter duration 
between transplantation 
and COVID-19

AKI, acute kidney injury; ANC, absolute neutrophil count; ARDS, acute respiratory distress syndrome; CHF, congestive heart failure; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary 
disease; CRP, C-reactive protein; ICU, intensive care unit; LDH, lactate dehydrogenase; SOT, solid organ transplant; WBC, white blood cell.

TABLE 2. (Continued)

Clinical outcomes of solid organ transplant recipients with COVID-19 (results reported as combined in kidney, liver, 
heart, and lung transplant recipients)

Author/
country

Transplanted 
organ

Patient  
number

Cohort studied/
transplant to COVID 

diagnosis (y/mo)
Comorbid conditions/ 
patient characteristics

Reported clinical events
(hospitalized patients)

Predictors of adverse 
outcome
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TABLE 3.

Clinical outcomes of liver, heart, and lung transplant recipients with COVID-19

Author/country
Transplanted 

organ
Patient 
number

Cohort studied/
transplant to COVID 

diagnosis (y/mo)
Comorbid conditions/patient 

characteristics

Reported clinical 
events

(hospitalized patients)
Predictors of  

adverse outcome

Webb et al
Multicenter
(18 countries)85

Liver 151 The median 
interval from 
transplantation: 
N/A

Diabetes mellitus 43%
Hypertension 42%
Obesity 29%
cardiovascular disease 15%
Active malignancy 5%
COPD 3%
68% males,
Age: 60
Caucasians 74%
African American 11%

Mortality rate: 19%
In-hospital mortality 

rate: 14%
82% hospitalized.
ICU admission: 28%.
Dialysis: 32%.

Older age.
Presence of comorbidities.
Higher baseline creatinine.
Active malignancy.

Colmenero et al
Spain87

Liver 111 The median 
interval from 
transplantation 
was 105 mo.

Diabetes 57%
Hypertension 29%
Cardiomyopathy11%
Bronchopulmonary disease
71.2% males,
Age: 65.34 ± 10.96

Mortality rate: 18%
In-hospital mortality 

rate: 21%
86.5% Hospitalized.
Respiratory insuffi-

ciency: 39.6%.
Respiratory support: 

19.8%.
ICU admission: 10.8%.
Severe COVID-19 

disease: 31.5%

Older age
Male gender, Increased 

comorbidities
Raised D-dimer and serum 

ferritin decreased  
absolute lymphocyte 
count. PaFiO2 and 
dyspnea at admission

Becchetti et al
Europe  

[5 Countries]86

Liver 57 The median 
interval from 
transplantation 
was 72 mo.

Hypertension 56%
Cardiovascular disease 37%.
Diabetes mellitus 37%
70% male,
Median age: 65
Caucasians 93%

All Mortality rate: 12%
In-hospital Mortality 

rate: 17%
72% Hospitalized.
ARDS: 19%.
ICU Admission: 10%.

Older age
Male gender,
Diagnosis of cancer
Decreased absolute  

lymphocyte and  
platelet count.

Lee et al
United States88

Liver 38 The median 
interval from 
transplantation 
was 4.7 y.

Hypertension 71%
CKD 71%
Cardiovascular disease 42%.
Diabetes mellitus 50%
70% male,
Median age: 65
Caucasians 39%
Hispanics 37%

Mortality rate: 18%
In-hospital mortality 

rate: 29%
71% Hospitalized.
Respiratory support: 

75%.
ICU admission: 33%.
Severe COVID-19 

disease: 45%

Older age
Male gender,
One or more comorbidities.
AKI.
raised D-dimer, CRP and 

serum ferritin decreased 
absolute lymphocyte 
count.

Rivinius et al

Germany89

Heart 21 The median 
interval from 
transplantation 
was 95 mo.

Hypertension 71% Dys-
lipidemia 71% diabetes 
mellitus 33%

ESRD 28%
COPD/asthma 19%
Cardiac allograft vasculopathy 

19%
81% male, Age: 58.6 ± 12.3 y

Mortality rate: 33%.
In-hospital mortality 

rate: 36%.
90% Hospitalized.
Reduced RV function: 

28%
Elevated pulmonary 

artery pressure: 
28%

Moderate-to-severe 
tricuspid regurgita-
tion: 19%.

ECG abnormalities: 
19%

New thromboembolic 
events: 19%

Severe COVID-19 
Disease: 38%

RV dysfunction.
Elevated pulmonary artery 

pressures. Tricuspid 
valve regurgitation.

Thromboembolic events.
Severe COVID-19 Disease.
Older age
Raised LDH, Troponin-T 

and NT-proBNP.
Elevated D-dimer and 

decreased absolute 
lymphocyte count.

(Continued next page)
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Latif et al
United States90

Heart 28 The median 
interval from 
transplantation 
was 8.6 y.

Hypertension 71% diabetes 
mellitus 61%

cardiac allograft  
vasculopathy 57%

CKD 36%
Obesity 25%
Active malignancy 18%.
79% male,
Median age: 64.

Mortality rate: 25%.
In-hospital mortality 

rate: 32%.
79% Hospitalized.
evidence of myocardial 

injury: 77%
Severe COVID-19 

disease: 25%

N/A

Ketcham et al
United States91

Heart 13 The median 
interval from 
transplantation 
was 9.6 y.

Hypertension 85%
CKD 85%
Diabetes mellitus 69%
Cardiac allograft  

vasculopathy 46%
Heart failure 38%
100% male.
Median age: 61.
100% African American

Mortality rate: 15%.
In-hospital mortality 

rate: 25%
61.5% Hospitalized.
AKI: 84%.
Dialysis:38%.
Severe COVID-19 

disease: 46%

N/A

Iacovoni et al
Italy92

Heart 26 The median 
interval from 
transplantation 
was 6 y.

Hypertension 58%
CKD 50%
Diabetes mellitus 15%
COPD/asthma 4%
77% male.
Median age: 63.

Mortality rate: 27%.
In-hospital mortality 

rate: 41%.
65% Hospitalized.
Severe COVID-19 

Disease: 31%.
New thromboembolic 

events: 7%

Age (>65).
Higher incidence of CKD 

and diabetes.
Higher respiratory rate and 

lower oxygen saturation 
at the first clinical  
evaluation.

Raised procalcitonin.
Elevated CRP.

Aversa et al
United States93

Lung 32 The median 
interval from 
transplantation 
was 5.6 y.

Hypertension 56%
CKD 66%
Cardiovascular disease 19%.
Diabetes mellitus 44%.
Obesity 25%
Active malignancy 3%.
50% male,
Median age: 65
Caucasians 80%
Hispanics 20%

Mortality rate: 34%
In-hospital mortality 

rate: 40%.
84% Hospitalized.
mortality on mechanical 

ventilation:100%.
Severe COVID-19 

disease: 41%
AKI: 63%.
Shock: 31%.
ARDS:25%
Coinfections: 47%.
ICU Admission: 34%.

Hypotension at admission.
AKI.
Leukocytosis.
Raised D-dimer, IL-6 

serum ferritin and CRP.
Decreased absolute lym-

phocyte count.
Multiple comorbiditiesγ.

Verleden et al
Belgium94

Lung 10 The median 
interval from 
transplantation 
was 26 mo.

Hypertension 50%
CKD 50%
Diabetes mellitus 30%.
Obesity 20%
30% male,
Median age: 60.5

Mortality rate: 10%.
In-hospital mortality 

rate: 11%.
90% Hospitalized.
Severe COVID-19 

disease: 50%

Male gender,
One or more comorbidities.
Raised CRP and decreased 

absolute lymphocyte 
count.

Myers et al
United States95

Lung 8 The interval from 
transplantation 
was 10±10 y.

Hypertension 37%
Dyslipidemia 37%
CKD 37%
Atrial Fibrillation 37%
Diabetes mellitus 35%.
87% male,
Median age: 59.6

Mortality rate: 25%.
100% Hospitalized.
Severe COVID-19  

disease: 62%
ICU admission: 37%.
AKI: 37%.
Shock: 25%.
Other complications: 

liver failure and 
pancreatitis.

Coinfection.
Recent transplantation.

AKI, acute kidney injury; ANC, absolute neutrophil count; ARDS, acute respiratory distress syndrome; CHF, congestive heart failure; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary 
disease; CRP, C-reactive protein; ICU, intensive care unit; LDH, lactate dehydrogenase; SOT, solid organ transplant; WBC, white blood cell.

TABLE 3. (Continued)

Clinical outcomes of liver, heart, and lung transplant recipients with COVID-19

Author/country
Transplanted 

organ
Patient 
number

Cohort studied/
transplant to COVID 

diagnosis (y/mo)
Comorbid conditions/patient 

characteristics

Reported clinical 
events

(hospitalized patients)
Predictors of  

adverse outcome
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TABLE 4.

Clinical outcomes in end stage kidney disease patients with COVID-19

Article/country Patient number
Patient’s characteristics and 

comorbidities Clinical outcomes Predictors of mortality

Ng et al
United States
Multicenter101

419 patients  
(408 hemodialysis,  
11 peritoneal dialysis)

Sex: Male 260/419 (62%)
Median age: 66 IQR (55–75)
Race: Black 152/419 (36%), 

White 93/419 (22%), Hispanic 
87/419 (21%)

Hypertension 382/419 (91%)
Diabetes mellitus 248/419 (59%)
Coronary artery disease 121/419 

(29%)
Heart failure 102/419 (24%)
Lung disease 34/419 (8%)
Cancer 36/419 (9%)

Mortality 133/419 (32%)
Hospitalized 419/419 (100%)

Increased age
Mechanical ventilation
Vasoactive medication 

use
Lymphopenia
Elevated BUN
Elevated ferritin

Fisher et al
United States
Single Center99

114 patients  
(all on hemodialysis)

Sex: Male 70/114 (61%)
Median age: 64.5 IQR (55–73)
Race: Black 56/114 (49%), 

Hispanic 45/114 (40%), White 
7/114 (6%), Asian 6/114 (5%)

Hypertension 102/114 (90%)
Diabetes mellitus 76/114 (67%)
Heart disease 63/114 (55%)
Lung disease 40/114 (35%)
Cancer 14/114 (12%)

Mortality 32/114 (28%)
Hospitalized 114/114 (100%)
ICU stay 15/114 (13%)
Discharged 73/114 (64%)

Elevated respiratory rate 
on admission

Lower oxygen saturation 
on admission

Initial elevated procal-
citonin, ferritin, lactic 
dehydrogenase and 
lower lymphocytes 
count

Valeri et al
United States
Single Center100

59 patients  
(57 hemodialysis,  
2 peritoneal dialysis)

Sex: Male 33/59 (56%)
Median age: 63 IQR (56–78)
Race: Black 15/59 (25%), White 

11/59 (19%), Other 33(56%)
Ethnicity: 44/59 (75%)
Hypertension 58/59 (98%)
Diabetes mellitus 41/59 (69%)
Heart disease 27/59 (46%)
Lung disease 10/59 (17%)

Mortality 18/59 (31%)
Hospitalized 59/59 (100%)
ICU stay 8/59 (14%)
Discharged 41/59 (69%)

Initial higher WBC, 
lactate dehydroge-
nase and C-reactive 
protein

Sanchez-Alvarez et al
Spain
Registry of Spanish  

Society of Nephrology61

582 patients  
(547 hemodialysis,  
35 peritoneal dialysis)

Sex: 381/582 (66%)
Mean age: 71 SD (±15)

Mortality 145/582 (25%)
Hospitalized 471/582 (81%)
ICU stay 35/582 (6%)

Age
Pneumonia on imaging
Hydroxychloroquine has 

been associated with 
better survival

Goicoechea et al
Spain
Single Center80

36 patients  
(24 hemodialysis,  
12 hemodiafiltration)

Sex: Male 23/36 (64%)
Mean age: 71 SD (±12)
Hypertension 35/36 (97%)
Diabetes mellitus 23/36 (64%)
Heart disease 19 (53%)
Lung disease 7/36 (19%)

Mortality 11/36 (31%)
Hospitalized 36/36 (100%)
Discharged 7/36 (19%)

Longer dialysis vintage
Increased LDH levels

Corbett et al
United Kingdom
Imperial College  

healthcare NHS Trust96

300 patients  
(290 in-center hemodialysis,  
8 peritoneal dialysis,  
2 home hemodialysis)

Sex: Male 180/300 (60%)
Median age: 67 IQR (57–77)
Race: Asian 137/300 (46%), 

White 84/300 (28%), Black 
75/300 (25%)

Diabetes mellitus 155/300 (52%)

Mortality 61/300 (20%) Older age
Inactive on kidney 

transplant waitlist

Keller et al
France
Multicenter98

123 patients  
(all hemodialysis)

Sex: Male 70/122 (57%)
Median age: 77 IQR (68–83)
Hypertension 120/123 (98%)
Diabetes mellitus 63/119 (53%)
Obesity 40/112(36%)
Ischemic heart disease 54/123 (46%)
Lung disease 40/119 (34%)
Cancer 24/123 (20%)

Mortality 29/123 (24%)
Hospitalized 87/123 (71%)
ICU stay 7/87 (8%)
Complete recovery 30 /123 

(24%)

Body temperature
C-Reactive Protein at 

admission

(Continued next page)
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hospitalized for COVID-19.61,77,80,96-98 The mortality rate in 
114 ESKD patients admitted to our center was 28%99 and 
31% at another New York center.100Another study investi-
gated 10 482 patients with COVID-19 admitted to 13 New 
York hospitals from March 1, 2020, to April 27, 2020, 419 
of which had ESKD.101 Patients with ESKD had a higher 
rate of in-hospital death (31.7% versus 25.4%; odds ratio, 
1.38; 95% confidence interval, 1.12-1.70) and independ-
ent risk factors for in-hospital mortality were increased 
age, mechanical ventilation, lymphopenia, and higher blood 
urea nitrogen and serum ferritin levels. Risk factors for mor-
tality from other studies are further summarized in Table 4.

Ravanan et al examined the incidence of SARS-CoV-2 
infection and subsequent mortality in patients on the 
active waiting list for a deceased donor SOT and recipients 
with a functioning SOT.102 This study reported that 197 
(3.8%) of the 5184 waitlisted patients and 597 (1.3%) of 
the 46 789 SOT recipients tested positive for SARS-CoV-2.

Mortality for those testing positive for SARS-CoV-2 
was 10.2% (20/197) for waitlisted patients and 25.8% 
(154/597) for SOT recipients. Mohamed et al reported 
15% mortality in 32 waitlisted patients and 32% in 28 
kidney transplant recipients, but the difference was not 
statistically significant (Transplantation in press). Massie 
et al conducted a simulation study of immediate-kidney 
transplant versus delay until-after-pandemic for different 
patient phenotypes under a variety of potential COVID-
19 scenarios.103 A calculator was created (http://www.
trans plant models.com/covid_sim), and machine learning 
approaches were used. In most scenarios of COVID-19 
dynamics and patient characteristics, immediate kidney 
transplant provided survival benefit; and only began show-
ing evidence of harm in scenarios where Case Fatality Rates 
were substantially higher for kidney transplant recipients 
(eg, ≥50% fatality) than for waitlist registrants.

TRANSPLANT ACTIVITY DURING COVID-19 
PANDEMICS

Like other areas of medicine, the clinical practice of 
transplantation has been dramatically affected by the 

COVID-19 pandemic.1,37,104 COVID-19 has had broad-
reaching effects on transplant activity, both for donation 
and for transplantation,18,105-107 as well as transplant-
related research activities.108 Although, kidney transplan-
tation reduces the morbidity and long-term mortality and 
is cost-saving compared with dialysis, it is rarely an imme-
diate life-saving procedure. Early in the outbreak period, 
transplant societies recommended suspending living kid-
ney transplant programs in communities with widespread 
transmission to avoid exposing recipients to increased risk 
of immunosuppression during the pandemic as well as lim-
iting the risk to living donors.106,107,109,110 Deceased-donor 
kidney transplantation has been suggested to be reserved 
for likely life-saving indications such as for patients lack-
ing options for dialysis access or a panel reactive anti-
body titer >98% with a perfectly matched kidney without 
donor-specific antibody. Due to life-saving nature of heart, 
liver, and lung transplantation, those activities continued 
in sicker patients with an expected survival of <6 months. 
In the United States, there was a 51.1% drop in transplant 
activity, which was largely driven by reductions in kid-
ney transplantation.105,111 A similar trend was observed 
in France, with a greater (90.6%) reduction in clinical 
transplant activity.105 A significant decreases in total wait-
list additions and increases in waitlist deaths were noted 
in most US transplant domains.112 In the Netherlands, 
transplant volumes decreased by 67% in the first month 
after the pandemic began.113 Italy observed a 25% reduc-
tion in transplant activity during the first 4 weeks of the 
COVID outbreak, with similar decreases observed in most 
major organ groups.114 In the Italian experience, authors 
concluded there was urgent need to closely monitor ICU 
availability for transplant patients during the developing 
COVID-19 response to preserve transplant activity, par-
ticularly for Europe and the United States, where deceased 
donation is more common. In Belgium, transplant activ-
ity was dramatically reduced, and some typically busy 
hospitals completely ceased transplant procedures.115 
In the United Kingdom, the number of deceased donors 
decreased by 66%, and the number of deceased donor 

Tortonese et al
France
Single Center97

44 patients  
(mix of hemodialysis and 
peritoneal dialysis)

Sex: Male 29/44 (66%)
Median age: 61 IQR (51.5–72.5)
Hypertension 43/44 (98%)
Diabetes mellitus 22/44 (50%)
Obesity 15/44 (34%)
Heart disease 17/44 (39%)
Lung disease 12/44 (27%)
Cancer 8/44 (18%)

Mortality 12/44 (27%)
Hospitalized 41/44 (93%)
ICU stay 15/44 (34%)
Discharged 26/44 (59%)

Cough at presentation, 
thrombocytopenia 
≤120, lactic dehydro-
genase ≥2x normal 
limit, C-Reactive 
protein ≥175 mg/L

Alberici et al
Italy
Brescia Renal COVID Task 

Force77

94 patients  
(69 hemodialysis,  
23 hemodiafiltration,  
2 acetate-free biofiltration)

Sex: Male 62/94 (66%)
Median age: 73 IQR (60–77)
Hypertension 87/94 (93%)
Diabetes mellitus 40/94 (43%)
Heart disease 33/94 (35%)
Lung disease 10/94 (11%)
Cancer 11/94 (12%)

Mortality 24/94 (26%)
Hospitalized 57/94 (61%)
Discharged 11/57 (19%)

Fever at diagnosis
Cough at diagnosis
Elevated serum C-Reac-

tive protein at diag-
nosis ≥50 mg/L

ICU, intensive care unit; IQR, interquartile range; LDH, lactic dehydrogenase.

TABLE 4. (Continued)

Clinical outcomes in end stage kidney disease patients with COVID-19

Article/country Patient number
Patient’s characteristics and 

comorbidities Clinical outcomes Predictors of mortality
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transplants decreased by 68%.116 Liver transplant activity 
was decreased 25% in the United States and over 80% in 
the United Kingdom and India between February and May 
2020.117 A stepwise approach to practice during pandemic 
was suggested by University of California at San Francisco 
Transplant Center.118

PRECAUTIONS TO TAKE IN ACCEPTING ORGANS 
DURING PANDEMIC

The initial reduction in transplant surgery rates in the 
United States and Europe resulting from the COVID-19 
pandemic was partly driven by lack of clarity around 
which donors and recipients were SARS-CoV-2+ as well 
as a poor understanding of how COVID infections would 
affect transplanted patients.119,120 As widespread testing 
for transplant donors and recipients became available, 
transplant rates began to increase.121,122 A recent report 
by The Transplant Society ethics committee stated that 
reinvigoration of transplant activity will be “contingent 
on availability of COVID-19 testing for donors, recipi-
ents, and healthcare practitioners.”122 It is now accepted 
that, before organ acceptance, both donor and recipient 
should be SARS-CoV-2 RT-PCR (−), typically in the 48 
hours before recovery or transplantation.123 In the early 
phases of the COVID-19 pandemic, and as COVID-19 
testing became more accessible, chest CT scans were fre-
quently ordered before organ recovery for organ donors, 
and in some cases, transplant candidates as well. Chest CT 
scans are thought an important complement to RT-PCR 
testing and may show signs of COVID-19 related disease 
for asymptomatic patients, 8 days before eventual positive 
RT-PCR test.124

Further pretransplant considerations for organ accept-
ance during COVID-19 include proximity of donors to 
COVID-19(+) patients. For example, organ donation from 
a patient in an ICU with other COVID-19(+) patients or in 
a hospital considered to a “hot spot” should be considered 
cautiously, and the clinical history of the donor should be 
taken into consideration. Indeed, New York City reported 
a 90% reduction in donation volumes during the month 
of April 2020. Close proximity of COVID-19(+) patients 
to organ donors prompted many declined organs despite 
negative PCR testing, particularly in areas hardest hit by 
COVID-19.120 Further, because many surgeons recover 
their own organs for transplantation, the workflow around 
travel for organ recovery has been limited by both hospital 
policies disallowing outside provider access and physician 
disinterest in travel, further suppressing organ transplant 
rates.122

Recipient selection has also forced providers accept-
ing organs to reconsider the robustness of their recipients 
before transplantation. For example, elderly patients who 
are more likely to require an inpatient rehabilitation stay 
after transplantation may be considered too risky given the 
proclivity for COVID-19 to disproportionately affect nurs-
ing home residents, particularly early in the pandemic.125 
Additional patient selection criteria includes highly sensi-
tized patients. Indeed, T-cell depletion has been discour-
aged due to potent and long-lasting immunosuppression 
after induction, which theoretically decreases recipients’ 
viral clearance and diminishes the ability to mount an anti-
body response if infected with COVID-19 posttransplant. 

However, dose reductions in immunosuppression may 
increase the risk of transplant rejection.126 Thus, organ 
acceptance is particularly challenging for patients who 
must receive T-cell depletion due to increased sensitization.

Another question is how long patients on the waiting 
list should wait after recovery from COVID-19 to be active 
for transplantation. Although there are no reported stud-
ies, we suggest waiting at least 4–6 weeks after recovery 
from COVID-19, and patients’ should undergo pulmonary 
function testing as well as SARS-CoV-IgG and RT-PCR.

ETHICAL QUESTIONS FACING 
TRANSPLANTATION DURING THE PANDEMIC

A number of important, yet minimally addressed, ethical 
issues have challenged transplantation during the COVID-
19 pandemic.122 For example, is it ethical to skip someone 
on the list because they live with people who are high risk 
for spreading COVID-19? Is it ethical to skip patients with 
long-waiting times, but who are at higher risk for death 
on the waiting list because when the pandemic ends, they 
are may still be likely to attract good organ offers?122 Is 
it ethical for hospitals to suppress transplant volumes to 
maintain ICU beds in anticipation of additional future 
COVID-19 resource burden? Indeed, these questions are 
weighty and perhaps overwhelming at times. Addressing 
these circumstances, Stock et al recently commented in 
Transplantation that during COVID-19, “programmatic 
decisions about transplantation will weigh more heavily 
on distributive justice, beneficence, and nonmaleficence 
than respect for autonomy.”122

TREATMENT
Since the start of the pandemic, there has been a world-

wide effort to discover effective treatment options for 
COVID-19. A wide variety of therapeutics from antivirals 
to immunomodulators to convalescent plasma have been 
studied and while not specific for SOT recipients, these 
patients have not been excluded in most trials. While sup-
portive care remains a mainstay of treatment, we now have 
more evidence to provide treatment guidance for patients 
with COVID-19. Recently, the Infectious Diseases Society 
of America released guidelines regarding management of 
COVID-19, including 7 treatment recommendations and 
narrative summaries of other treatments currently under-
going evaluation.127

Management of Immunosuppression
Reduction or withdrawal of calcineurin inhibitors, 

mycophenolate mofetil, mycophenolic acid, azathioprine, 
or mTOR-inhibitors (mammalian target of rapamycin) was 
considered in most published articles. However, complete 
withdrawal of immunosuppression or significant reduc-
tion of immunosuppression could hypothetically exac-
erbate inflammation in the absence of antiinflammatory 
agents. In contrast, continuation of immunosuppressive 
treatment could decrease the ability to mount an antibody 
response to COVID-19, especially given the documented 
lymphopenia and low T-cell counts in kidney transplant 
recipients. It is not clear at what point during progression 
of clinical deterioration that immunosuppression should 
be minimized or stopped.
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Antivirals
Remdesivir

Based on data suggesting efficacy against SARS-CoV-1 
and MERS-CoV128 as well as in vitro activity against 
SARS-CoV-2,129 clinical trials of remdesivir, an inhibitor 
of viral RNA polymerase, began early in the pandemic. In 
a multicenter, randomized, placebo-controlled trial (ACT-
1) of 1063 patients, patients receiving a 10-day course of 
remdesivir had a shorter time to recovery compared with 
placebo (11 versus 15 d, ratio for recovery 1.32, 95% CI: 
1.12-1.55), with the most significant improvement seen in 
nonintubated patients receiving supplemental oxygen.130 
However, despite the improved rate of recovery, no mortal-
ity benefit was seen. Given the large number of anticipated 
infections and high demand for remdesivir, an additional 
small randomized study attempted to evaluate the optimal 
duration of therapy by comparing a 5-day versus 10-day 
course of antiviral therapy.131 This study of 397 nonin-
tubated patients found no difference in clinical status at 
day 14 after adjusting for baseline severity, suggesting that 
shorter courses may be adequate. In both ACT-1 as well 
as the study by Goldman et al, remdesevir was well toler-
ated and based on these studies, the US Food and Drug 
Administration (FDA) issued an emergency use authoriza-
tion for the treatment of confirmed or suspected COVID-19 
in both adults and children in May 2020. Studies evaluat-
ing remdesivir as part of combination therapy are ongo-
ing (https://clinicaltrials.gov/ct2/show/NCT04401579 and 
https://clinicaltrials.gov/ct2/show/NCT04492475).

Lopinavir/Ritonavir
While there was interest in protease inhibitors, nota-

bly lopinavir/ritonavir, based on data suggesting efficacy 
against other coronaviruses, this practice was abandoned 
early in the pandemic after results published by Cao et al 
found no benefit with this treatment in patients with severe 
COVID-19 infection.132

Antimalarials
The antimalarial agents, chloroquine and hydroxychloro-

quine (HCQ), which are also used as disease modifying agents 
in several autoimmune conditions, quickly become the main-
stay of treatment during the early days of the pandemic. These 
agents have antiviral activity against SARS-CoV-2 in vitro, 
and the immunomodulatory activities were hypothesized to 
limit the host inflammatory response elicited by SARS-CoV-2 
infection.133 These factors led to the FDA authorizing emer-
gency use of HCQ in March 2020. However, since that time, 
a number of randomized, controlled trials in several clinical 
settings have failed to show any benefit.134-139 Early observa-
tional data suggested the addition of azithromycin to HCQ 
may be beneficial.136 However, a study of over 500 patients 
randomized to HCQ versus HCQ + azithromycin versus 
standard of care found that HCQ with or without azithromy-
cin was not associated with improved clinical outcomes but 
did have higher adverse events.135 Based on the large number 
of controlled trials failing to show any benefit to HCQ, the 
FDA revoked its emergency use authorization in June 2020.

Corticosteroids
Given the robust inflammatory response that is thought 

to be a significant driver of morbidity and mortality in 

COVID-19, corticosteroid use has been of interest since 
the beginning of the pandemic. Initial data from cohort 
and case-controlled studies suggested minimal benefit or 
even worse outcomes in those receiving steroids, and sub-
sequently cautious use was recommended.140 However, 
recent data have emerged from several large RCTs sug-
gesting benefits with corticosteroid therapy.141-144 Initial 
benefits were suggested by the RECOVERY Collaborative 
group in a large, open-label trial comparing a number of 
treatments for COVID-19, including dexamethasone. This 
large study, which compared 2104 patients who received 
dexamethasone to over 4000 patients receiving usual care, 
found a significant mortality benefit at 28 days (22.9% in 
dexamethasone group versus 25.7% in usual care group, 
P < 0.001).141 However, based on subgroup analysis, dexa-
methasone was only beneficial in those receiving mechani-
cal ventilation and supplemental oxygen but not among 
those without hypoxia. Following the publication of this 
data, 3 additional trials evaluating corticosteroid therapy in 
COVID-19 stopped enrollment early.142-144 While none of 
these trials showed a mortality benefit, there were trends 
toward clinical improvement despite likely being under-
powered. To further evaluate this data, a metaanalysis of 
pooled data from 7 randomized controlled trials (including 
those above) was subsequently performed. This study found 
that patients with severe COVID-19, that is, requiring either 
mechanical ventilation or high levels of supplemental oxy-
gen, who received steroid therapy had a lower mortality rate 
at 28 days compared with standard care alone.142

In addition to oxygenation, certain biochemical markers 
may be useful in determining who may benefit from corti-
costeroids. In an observational study by Keller et al, steroid 
use was not associated with an overall benefit on mortal-
ity; however, there was a significantly reduced risk of mor-
tality in patients with baseline C-reactive protein >20 mg/
dL (OR, 0.23; 95% CI, 0.08-0.70).145 Furthermore, there 
was an increase in risk of mortality seen in patients with 
a CRP <10 mg/dL (OR, 2.64; 95% CI, 1.39-5.03). These 
findings along with those published by the RECOVERY 
Collaborative group suggest that while steroids may be 
beneficial in patients with severe COVID-19, more judi-
cious use is warranted in mild disease.

Biologic Agents
Similarly to corticosteroids, the use of biologics has been 

high touted based on the inflammatory response associ-
ated with COVID-19 infection, especially given early data 
suggesting that elevated inflammatory cytokines are asso-
ciated with more severe disease.146,147 While a number of 
biologics have been evaluated, IL-6 inhibitors have been 
the most widely studied. Early observational cohort stud-
ies of tocilizumab, a monoclonal antibody that blocks the 
IL-6 receptor, found that patients receiving tocilizumab had 
reduced mortality compared with standard of care.148,149

However, preliminary data from a randomized, double-
blind, placebo-controlled phase III clinical trial found that 
tocilizumab failed to meet its primary endpoint of improved 
clinical status in patients hospitalized with severe COVID-
19 and found no difference in overall mortality at 28 days 
(19.7% in tocilizumab group versus 19.4% in placebo; 
P = 0.9410), although full results from this trial have yet to 
be published (https://www.roche.com/investors/updates/
inv-update-2020-07-29.htm). Tocilizumab use in 29 SOT 
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recipients did not show in mortality rate compared with 
controls.150 Another IL-6 receptor antagonist, sarilumab, 
also stopped its phase III, placebo-controlled clinical trial 
after preliminary data failed to show clinical improve-
ment in COVID-19 patients requiring mechanical venti-
lation (https://www.sanofi.com/en/media-room/press-rel
eases/2020/2020-07-02-22-30-00). Full results from this 
trial have also not yet been reported.

Based on observations that the hyperinflammatory 
state in COVID-19 is similar to secondary haemophago-
cytic lymphohistiocytosis (sHLH),151 anakinra, an 
IL-1receptor antagonistic that is used for sHLH, was 
also evaluated for COVID-19 in an observational, cohort 
study.152 While patients treated with anakinra had lower 
rates of death and mechanical ventilation in this study, 
these results should be interpreted cautiously and larger, 
randomized trials are needed to further evaluate its 
efficacy.

Antibody Therapy
Convalescent Plasma

Passive antibody therapy through the use of convales-
cent plasma is another potential therapy for COVID-19, 
which may be effective through viral neutralization.153 
Based on its use in other viral illnesses and pandemics, the 
Mayo clinic and FDA established a large Expanded Access 
Program, which has been used to treat >35 000 hospital-
ized patients with COVID-19. Early data from this pro-
gram found that convalescent plasma is well tolerated with 
a low rate of serious adverse events attributable to plasma 
(<1%) and an overall mortality rate of 8.6%.154 More 
recent data found that patients receiving plasma had a sig-
nificant mortality benefit at 30 days when treated earlier in 
their disease course.155Further, a mortality benefit was also 
found in patients receiving plasma containing higher anti-
body levels compared with lower antibody levels. Based 
on this data, the FDA issued an emergency use authoriza-
tion for convalescent plasma for treatment of COVID-19 
in August 2020.

Despite these early reports and FDA authorization, data 
from randomized trials is lacking. A randomized trial from 
China revealed a trend toward clinical improvement with 
plasma therapy (51.9% versus 43.1%) but failed to meet 
statistical significance (P = 0.26), possibly due to under-
powering after the study closed early as a result of declin-
ing COVID cases in China.156

Based on difficulty with enrollment, pooled analyses 
of patient data available from RCTs, matched control 
studies, and case series were performed on 804 patients 
with COVID-19. Aggregate data from controlled stud-
ies showed improved mortality rate in patient receiving 
plasma compared with those receiving standard care (13% 
versus 25%; P < 0.001) (https://www.medrxiv.org/conte
nt/10.1101/2020.07.29.20162917v1). However, despite 
these early signals, a recently completed randomized trial 
of 464 patients with moderate COVID-19 did not find 
any mortality benefit or decrease in disease progression in 
patients treated with convalescent plasma (https://www.
medrxiv.org/content/10.1101/2020.09.03.20187252v2). 
Currently, the benefit of plasma remains unclear, although 
several randomized trials are ongoing and can hopefully 
provide more definitive data.

Other Antibody Therapy
Based on data supporting efficacy of convalescent plasma 

in other infections, efforts have also been made to generate 
effective neutralizing antibodies of the SARS-CoV-2 spike 
protein to create a “therapeutic antibody cocktail.”157 
Clinical data on the use of this therapy is limited, but trials 
are underway, including the RECOVERY trial.

Vaccines
Similarly to effective treatments focused efforts on 

vaccine development started quickly after the discovery 
of SARS-CoV-2 and have evolved at an impressive rate. 
According to the World Health Organization, there are 
over 169 vaccines under development with 26 already 
in the human phase of trials. Several vaccine candidates 
have reported good safety and immunogenicity outcomes 
in phase 1/2 and phase 2 studies.158-162 Large scale, phase 
3 trials are currently underway worldwide. While live-
attenuated vaccinations are contraindicated in transplant 
recipients, most of the phase III trials currently underway 
utilize mRNA or nonreplicating viral vector as a mecha-
nism of action, which do not pose a known risk to immu-
nosuppressed patients. However, the safety and efficacy of 
these vaccinations in transplant recipients will need further 
study.

CONCLUSION
The COVID-19 pandemic has dramatically impacted all 

aspects of medicine, and SOT is no exception. The effects of 
this virus on SOT have created challenges in clinical man-
agement and unfortunately, have led to significant morbid-
ity and mortality. On a broader scale, the pandemic has 
impacted policy decisions on a hospital as well as a national 
level with respect to the practice of transplantation. Despite 
these challenges, tremendous progress has been made over 
the past several months regarding the care of patients with 
COVID-19 as advances have been made in therapeutics and 
vaccine studies are being performed at an unprecedented 
rate. As the understanding of COVID-19 pathogenesis and 
management continues to evolve, advances in the care of 
SOT recipients will allow for transplantation to be per-
formed safely and optimally in the COVID era.

REFERENCES
	 1.	 Morens DM, Daszak P, Taubenberger JK. Escaping Pandora’s Box—

Another novel coronavirus. N Engl J Med. 2020;382:1293–1295.
	 2.	 Morens DM, Fauci AS. Emerging pandemic diseases: How we got to 

COVID-19. Cell. 2020;182:1077–1092.
	 3.	 Tay MZ, Poh CM, Rénia L, et al. The trinity of COVID-19: Immunity, 

inflammation and intervention. Nat Rev Immunol. 2020;20:363–374.
	 4.	 McKechnie JL, Blish CA. The Innate Immune System: Fighting on the 

front lines or fanning the flames of COVID-19? Cell Host Microbe. 
2020;27:863–869.

	 5.	 Grifoni A, Weiskopf D, Ramirez SI, et al. Targets of T cell responses 
to SARS-CoV-2 coronavirus in humans with COVID-19 disease and 
unexposed individuals. Cell. 2020;181:1489–1501.e15.

	 6.	 Peng Y, Mentzer AJ, Liu G, et al; Oxford Immunology Network Covid-
19 Response T cell Consortium; ISARIC4C Investigators. Broad and 
strong memory CD4+ and CD8+ T cells induced by SARS-CoV-2 
in UK convalescent individuals following COVID-19. Nat Immunol. 
2020;21:1336–1345.

	 7.	 Braun J, Loyal L, Frentsch M, et al. SARS-CoV-2-reactive T 
cells in healthy donors and patients with COVID-19. Nature. 
2020;587:270–274.

Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



52	 Transplantation  ■  January 2021  ■ Volume 105  ■  Number 1	 www.transplantjournal.com

	 8.	 Hadjadj J, Yatim N, Barnabei L, et al. Impaired type I interferon activity 
and inflammatory responses in severe COVID-19 patients. Science. 
2020;369:718–724.

	 9.	 Blanco-Melo D, Nilsson-Payant BE, Liu WC, et al. Imbalanced host 
response to SARS-CoV-2 drives development of COVID-19. Cell. 
2020;181:1036–1045 e1039.

	10.	 Ye Q, Wang B, Mao J. Cytokine storm in COVID-19 and treatment. J 
Infect. 2020;80:607–613.

	11.	 Cravedi P, Suraj SM, Azzi Y, et al. COVID-19 and kidney transplanta-
tion: results from the TANGO International Transplant Consortium. Am 
J Transplant. 2020. [Epub ahead of print. July 10, 2020]. doi:10.1111/
ajt.16185

	12.	 Laing AG, Lorenc A, Del Molino Del Barrio I, et al. Author correction: 
A dynamic COVID-19 immune signature includes associations with 
poor prognosis. Nat Med. 2020;26:1663.

	13.	 Cummings MJ, Baldwin MR, Abrams D, et al. Epidemiology, clinical 
course, and outcomes of critically ill adults with COVID-19 in New 
York City: a prospective cohort study. Lancet. 2020;395:1763–1770.

	14.	 Zhang Q, Bastard P, Liu Z, et al. Inborn errors of type I IFN 
immunity in patients with life-threatening COVID-19. Science. 
2020;370:eabd4570.

	15.	 van der Made CI, Simons A, Schuurs-Hoeijmakers J, et al. Presence 
of genetic variants among young men with severe COVID-19. JAMA. 
2020;324:1–11.

	16.	 Bastard P, Rosen LB, Zhang Q, et al. Auto-antibodies against 
type I IFNs in patients with life-threatening COVID-19. Science. 
2020;370:eabd4585.

	17.	 Ellinghaus D, Degenhardt F, Bujanda L, et al. Genomewide associa-
tion study of severe Covid-19 with respiratory failure. N Engl J Med. 
2020;383:1522–1534.

	18.	 Akalin E, Azzi Y, Bartash R, et al. Covid-19 and kidney transplantation. 
N Engl J Med. 2020;382:2475–2477.

	19.	 Liu Z, Long W, Tu M, et al. Lymphocyte subset (CD4+, CD8+) counts 
reflect the severity of infection and predict the clinical outcomes in 
patients with COVID-19. J Infect. 2020;81:318–356.

	20.	 De Biasi S, Meschiari M, Gibellini L, et al. Marked T cell activation, 
senescence, exhaustion and skewing towards TH17 in patients with 
COVID-19 pneumonia. Nat Commun. 2020;11:3434.

	21.	 Wilk AJ, Rustagi A, Zhao NQ, et al. A single-cell atlas of the periph-
eral immune response in patients with severe COVID-19. Nat Med. 
2020;26:1070–1076.

	22.	 Zheng M, Gao Y, Wang G, et al. Functional exhaustion of antivi-
ral lymphocytes in COVID-19 patients. Cell Mol Immunol. 2020;17: 
533–535.

	23.	 Li CK, Wu H, Yan H, et al. T cell responses to whole SARS coronavirus 
in humans. J Immunol. 2008;181:5490–5500.

	24.	 Ng OW, Chia A, Tan AT, et al. Memory T cell responses targeting 
the SARS coronavirus persist up to 11 years post-infection. Vaccine. 
2016;34:2008–2014.

	25.	 Thieme CJ, Anft M, Paniskaki K, et al. Robust T cell response toward 
spike, membrane, and nucleocapsid SARS-CoV-2 proteins is not 
associated with recovery in critical COVID-19 patients. Cell Rep Med. 
2020;1:100092.

	26.	 Hanson KE, Caliendo AM, Arias CA, et al. Infectious diseases soci-
ety of america guidelines on the diagnosis of COVID-19. Clinical 
infectious diseases: an official publication of the Infectious Diseases 
Society of America. 2020;ciaa760.

	27.	 Liu R, Han H, Liu F, et al. Positive rate of RT-PCR detection of SARS-
CoV-2 infection in 4880 cases from one hospital in Wuhan, China, 
from Jan to Feb 2020. Clin Chim Acta. 2020;505:172–175.

	28.	 Xie J, Ding C, Li J, et al. Characteristics of patients with coronavi-
rus disease (COVID-19) confirmed using an IgM-IgG antibody test. J 
Med Virol. 2020. [Epub ahead of print. April 24, 2020]. doi:10.1002/
jmv.25930

	29.	 Havers FP, Reed C, Lim T, et al. Seroprevalence of antibodies to 
SARS-CoV-2 in 10 sites in the United States, March 23-May 12, 
2020. JAMA Intern Med. 2020. [Epub ahead of print. July 21, 2020]. 
doi:10.1001/jamainternmed.2020.4130

	30.	 Long QX, Liu BZ, Deng HJ, et al. Antibody responses to SARS-CoV-2 
in patients with COVID-19. Nat Med. 2020;26:845–848.

	31.	 Azzi Y, Parides M, Alani O, et al. COVID-19 infection in kidney trans-
plant recipients at the epicenter of pandemics. Kidney international. 
2020;S0085-2538(20)31202-3. doi:10.1016/j.kint.2020.10.004

	32.	 Hartzell S, Bin S, Benedetti C, et al. Evidence of potent humoral 
immune activity in COVID-19-infected kidney transplant recipients. 
Am J Transplant. 2020. [Epub ahead of print. August 12, 2020]. 
doi:10.1111/ajt.16261

	33.	 Clarke C, Prendecki M, Dhutia A, et al. High prevalence of asymp-
tomatic COVID-19 infection in hemodialysis patients detected using 
serologic screening. J Am Soc Nephrol. 2020;31:1969–1975.

	34.	 Anand S, Montez-Rath M, Han J, et al. Prevalence of SARS-CoV-2 
antibodies in a large nationwide sample of patients on dialysis in the 
USA: a cross-sectional study. Lancet. 2020;396:1335–1344.

	35.	 Crespo M, Mazuecos A, Rodrigo E, et al; Spanish Society of 
Nephrology COVID-19 Group. Respiratory and gastrointestinal 
COVID-19 phenotypes in kidney transplant recipients. Transplantation. 
2020;104:2225–2233.

	36.	 Wu C, Chen X, Cai Y, et al. Risk factors associated with acute res-
piratory distress syndrome and death in patients with coronavi-
rus disease 2019 pneumonia in Wuhan, China. JAMA Intern Med. 
2020;180:934–943.

	37.	 Guan WJ, Ni ZY, Hu Y, et al; China Medical Treatment Expert Group 
for Covid-19. Clinical characteristics of coronavirus disease 2019 in 
China. N Engl J Med. 2020;382:1708–1720.

	38.	 Lauer SA, Grantz KH, Bi Q, et al. The incubation period of coronavi-
rus disease 2019 (COVID-19) from publicly reported confirmed cases: 
Estimation and application. Ann Intern Med. 2020;172:577–582.

	39.	 Huang C, Wang Y, Li X, et al. Clinical features of patients infected with 
2019 novel coronavirus in Wuhan, China. Lancet. 2020;395:497–506.

	40.	 Zhou F, Yu T, Du R, et al. Clinical course and risk factors for mortality 
of adult inpatients with COVID-19 in Wuhan, China: a retrospective 
cohort study. Lancet. 2020;395:1054–1062.

	41.	 Argenziano MG, Bruce SL, Slater CL, et al. Characterization and 
clinical course of 1000 patients with coronavirus disease 2019 in New 
York: retrospective case series. BMJ. 2020;369:m1996.

	42.	 Richardson S, Hirsch JS, Narasimhan M, et al; the Northwell COVID-
19 Research Consortium. Presenting characteristics, comorbidities, 
and outcomes among 5700 patients hospitalized with COVID-19 in 
the New York City Area. JAMA. 2020;323:2052–2059.

	43.	 Pujadas E, Chaudhry F, McBride R, et al. SARS-CoV-2 viral load pre-
dicts COVID-19 mortality. Lancet Respir Med. 2020;8:e70.

	44.	 Gudbjartsson DF, Norddahl GL, Melsted P, et al. Humoral 
immune response to SARS-CoV-2 in Iceland. N Engl J Med. 
2020;383:1724–1734.

	45.	 Ackermann M, Verleden SE, Kuehnel M, et al. Pulmonary vascular 
endothelialitis, thrombosis, and angiogenesis in Covid-19. N Engl J 
Med. 2020;383:120–128.

	46.	 Tang N, Li D, Wang X, et al. Abnormal coagulation parameters are 
associated with poor prognosis in patients with novel coronavirus 
pneumonia. J Thromb Haemost. 2020;18:844–847.

	47.	 Feldstein LR, Rose EB, Horwitz SM, et al; Overcoming COVID-19 
Investigators; CDC COVID-19 Response Team. Multisystem inflam-
matory syndrome in U.S. children and adolescents. N Engl J Med. 
2020;383:334–346.

	48.	 Zhu L, Gong N, Liu B, et al. Coronavirus disease 2019 pneumonia 
in immunosuppressed renal transplant recipients: A summary of 10 
confirmed cases in Wuhan, China. Eur Urol. 2020;77:748–754.

	49.	 Columbia University Kidney Transplant P. Early description of corona-
virus 2019 disease in kidney transplant recipients in New York. JASN. 
2020;31:1150–1156.

	50.	 Husain SA, Dube G, Morris H, et al. Early outcomes of outpatient 
management of kidney transplant recipients with coronavirus disease 
2019. Clin J Am Soc Nephrol. 2020;15:1174–1178.

	51.	 Lubetzky M, Aull MJ, Craig-Schapiro R, et al. Kidney allograft recipi-
ents, immunosuppression, and coronavirus disease-2019: A report of 
consecutive cases from a New York City transplant center. Nephrol 
Dial Transplant. 2020;35:1250–1261.

	52.	 Nair V, Jandovitz N, Hirsch JS, et al. COVID-19 in kidney transplant 
recipients. Am J Transplant. 2020;20:1819–1825.

	53.	 Mehta SA, Leonard J, Labella P, et al. Outpatient management of 
kidney transplant recipients with suspected COVID-19-Single-center 
experience during the New York City surge. Transpl Infect Dis. 
2020:e13383 [Epub ahead of print. June 23, 2020]. doi:10.1111/
tid.13383

	54.	 Alberici F, Delbarba E, Manenti C, et al. A report from the Brescia 
Renal COVID task force on the clinical characteristics and short-term 
outcome of hemodialysis patients with SARS-CoV-2 infection. Kidney 
Int. 2020;98:20–26.

	55.	 Bossini N, Alberici F, Delbarba E, et al. Kidney transplant patients with 
SARS-CoV-2 infection: The Brescia Renal COVID task force experi-
ence. Am J Transplant. 2020. [Epub ahead of print. July 6, 2020]. 
doi:10.1111/ajt.16176

	56.	 Caillard S, Anglicheau D, Matignon M, et al. An initial report from the 
French SOT COVID Registry suggests high mortality due to Covid-19 

Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



© 2021 Wolters Kluwer	 Azzi et al	 53

in recipients of kidney transplants. Kidney international. 2020;S0085-
2538(20)30961-3. doi:10.1016/j.kint.2020.08.005

	57.	 Crespo M, Mazuecos A, Rodrigo E, et al; Spanish Society of 
Nephrology COVID-19 Group. Respiratory and gastrointestinal 
COVID-19 phenotypes in kidney transplant recipients. Transplantation. 
2020;104:2225–2233.

	58.	 Demir E, Uyar M, Parmaksiz E, et al. COVID-19 in kidney transplant 
recipients: A multicenter experience in Istanbul. Transpl Infect Dis. 
2020:e13371 [Epub ahead of print. July 13, 2020]. doi:10.1111/
tid.13371

	59.	 Elias M, Pievani D, Randoux C, et al. COVID-19 infection in kidney 
transplant recipients: Disease incidence and clinical outcomes. J Am 
Soc Nephrol. 2020;31:2413–2423.

	60.	 Fava A, Cucchiari D, Montero N, et al. Clinical characteristics and risk 
factors for severe COVID-19 in hospitalized kidney transplant recipi-
ents: A multicentric cohort study. Am J Transplant. 2020. [Epub ahead 
of print. August 10, 2020]. doi:10.1111/ajt.16246

	61.	 Sánchez-Álvarez JE, Pérez Fontán M, Jiménez Martín C, et al. SARS-
CoV-2 infection in patients on renal replacement therapy. Report of 
the COVID-19 Registry of the Spanish Society of Nephrology (SEN). 
Nefrologia. 2020;40:272–278.

	62.	 Benotmane I, Perrin P, Gautier Vargas G, et al. Biomarkers of cytokine 
release syndrome predict disease severity and mortality from COVID-
19 in kidney transplant recipients. Transplantation. 2020. [Epub 
ahead of print. September 30, 2020]. doi:10.1097/TP.000000000 
0003480

	63.	 Kates OS, Haydel BM, Florman SS, et al. COVID-19 in solid organ 
transplant: A multi-center cohort study. Clin Infect Dis. 2020;ciaa1097. 
[Epub ahead of print. August 7, 2020]. doi:10.1093/cid/ciaa1097

	64.	 Chaudhry ZS, Williams JD, Vahia A, et al. Clinical characteristics and 
outcomes of COVID-19 in solid organ transplant recipients: A case-
control study. Am J Transplant. 2020. [Epub ahead of print. July 12, 
2020]. doi:10.1111/ajt.16188

	65.	 Pereira MR, Mohan S, Cohen DJ, et al. COVID-19 in solid organ trans-
plant recipients: Initial report from the US epicenter. Am J Transplant. 
2020;20:1800–1808.

	66.	 Roberts MB, Izzy S, Tahir Z, Al Jarrah A, Fishman JA, El Khoury J. 
COVID-19 in solid organ transplant recipients: Dynamics of disease 
progression and inflammatory markers in ICU and non-ICU admitted 
patients. Transpl Infect Dis. 2020:e13407. [Epub ahead of print. July 
12, 2020]. doi:10.1111/tid.13407

	67.	 Sharma P, Chen V, Fung CM, et al. COVID-19 outcomes among solid 
organ transplant recipients: A case-control study. Transplantation. 
2021;105:128–137.

	68.	 Yi SG, Rogers AW, Saharia A, et al. Early experience with COVID-
19 and solid organ transplantation at a US High-volume transplant 
center. Transplantation. 2020;104:2208–2214.

	69.	 Felldin M, Softeland JM, Magnusson J, et al. Initial report from a 
Swedish high-volume transplant center after the first wave of the 
COVID-19 pandemic. Transplantation. 2020. [Epub ahead of print. 
August 20, 2020]. doi:10.1097/TP.0000000000003436

	70.	 Miarons M, Larrosa-Garcia M, Garcia-Garcia S, et al. COVID-19 in 
solid organ transplantation: A matched retrospective cohort study 
and evaluation of immunosuppression management. Transplantation. 
2020. [Epub ahead of print. September 15, 2020]. doi:10.1097/
TP.0000000000003460

	71.	 Malekhosseini SA, Nikoupour H, Gholami S, et al. A report of 85 cases 
of COVID-19 and abdominal transplantation from a single center: 
what are the associated factors with death among organ transplanta-
tion patients. Transplantation. 2021;105:90–99.

	72.	 Ali T, Al-Ali A, Fajji L, et al. Coronavirus disease-19: Disease sever-
ity and outcomes of solid organ transplant recipients: different 
spectrum of disease in different populations? Transplantation. 
2021;105:121–127.

	73.	 Molnar MZ, Bhalla A, Azhar A, et al. Outcomes of critically ill solid 
organ transplant patients with COVID-19 in the United States. Am J 
Transplant. 2020. [Epub ahead of print

	74.	 Farkash EA, Wilson AM, Jentzen JM. Authors’ reply. J Am Soc 
Nephrol. 2020;31:2225–2226.

	75.	 Bo Diao, Chenhui Wang, Rongshuai Wang, et al. Human kidney is 
a target for novel severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) infection. MEDRXIV. 2020. [Epub ahead of print.] 
doi:https://doi.org/10.1101/2020.03.04.20031120 

	76.	 Williamson EJ, Walker AJ, Bhaskaran K, et al. Factors associ-
ated with COVID-19-related death using OpenSAFELY. Nature. 
2020;584:430–436.

	 77.	 Alberici F, Delbarba E, Manenti C, et al. A report from the Brescia 
Renal COVID Task Force on the clinical characteristics and short-
term outcome of hemodialysis patients with SARS-CoV-2 infection. 
Kidney Int. 2020;98:20–26.

	 78.	 Grasselli G, Zangrillo A, Zanella A, et al. Baseline characteristics and 
outcomes of 1591 patients infected with SARS-CoV-2 admitted to 
ICUs of the Lombardy Region, Italy. JAMA. 2020;323:1574–1581.

	 79.	 Fried MW, Crawford JM, Mospan AR, et al. Patient characteristics 
and outcomes of 11,721 patients with COVID19 hospitalized across 
the United States. Clin Infect Dis. 2020;ciaa1268. [Epub ahead of 
print. August 28, 2020]. doi:10.1093/cid/ciaa1268

	 80.	 Goicoechea M, Sánchez Cámara LA, Macías N, et al. COVID-19: 
Clinical course and outcomes of 36 hemodialysis patients in Spain. 
Kidney Int. 2020;98:27–34.

	 81.	 Wadhera RK, Joynt Maddox KE, Yeh RW. CMS quality measure 
development-reply. JAMA. 2020;324:1214–1215.

	 82.	 Takahashi T, Ellingson MK, Wong P, et al. Sex differences in immune 
responses that underlie COVID-19 disease outcomes. Nature. 2020. 
[Epub ahead of print. August 26, 2020]. doi:10.1038/s41586-020-2700-3

	 83.	 Diao B, Wang C, Tan Y, et al. Reduction and functional exhaustion of 
T cells in patients with coronavirus disease 2019 (COVID-19). Front 
Immunol. 2020;11:827.

	 84.	 Hartzell S, Bin S, Benedetti C, et al. Evidence of potent humoral 
immune activity in COVID19-infected kidney transplant recipients. 
Am J Transplant. 2020. [Epub ahead of print. August 12, 2020]. 
doi:10.1111/ajt.16261

	 85.	 Webb GJ, Marjot T, Cook JA, et al. Outcomes following SARS-
CoV-2 infection in liver transplant recipients: an international registry 
study. Lancet Gastroenterol Hepatol. 2020;5:1008–1016.

	 86.	 Becchetti C, Zambelli MF, Pasulo L, et al; COVID-LT group. COVID-
19 in an international European liver transplant recipient cohort. Gut. 
2020;69:1832–1840.

	 87.	 Colmenero J, Rodriguez-Peralvarez M, Salcedo M, et al. 
Epidemiological pattern, incidence and outcomes of COVID-19 in 
liver transplant patients. J Hepatol. 2020;S0168-8278(20)30521-3. 
doi:10.1016/j.jhep.2020.07.040

	 88.	 Lee BT, Perumalswami PV, Im GY, et al; COBE Study Group. COVID-
19 in liver transplant recipients: An initial experience from the US 
epicenter. Gastroenterology. 2020;159:1176–1178.e2.

	 89.	 Rivinius R, Kaya Z, Schramm R, et al. COVID-19 among heart trans-
plant recipients in Germany: A multicenter survey. Clin Res Cardiol. 
2020;1–9.

	 90.	 Latif F, Farr MA, Clerkin KJ, et al. Characteristics and outcomes of 
recipients of heart transplant with coronavirus disease 2019. JAMA 
Cardiol. 2020;e202159. [Epub ahead of print. May 13, 2020.] 
doi:10.1001/jamacardio.2020.2159

	 91.	 Ketcham SW, Adie SK, Malliett A, et al. Coronavirus disease-2019 in 
heart transplant recipients in Southeastern Michigan: A case series. 
J Card Fail. 2020;26:457–461.

	 92.	 Iacovoni A, Boffini M, Pidello S, et al. A case series of novel coronavirus 
infection in heart transplantation from 2 centers in the pandemic area 
in the North of Italy. J Heart Lung Transplant. 2020;39:1081–1088.

	 93.	 Aversa M, Benvenuto L, Anderson M, et al. COVID-19 in lung trans-
plant recipients: A single center case series from New York City. Am 
J Transplant. 2020. [Epub ahead of print. Aug 9, 2020];10.1111/
ajt.16241.

	 94.	 Verleden GM, Godinas L, Lorent N, et al. COVID-19 in lung trans-
plant patients: A case series. Am J Transplant. 2020. [Epub ahead of 
print. July 13, 2020.] doi:10.1111/ajt.16212

	 95.	 Myers CN, Scott JH, Criner GJ, et al. COVID-19 in lung transplant 
recipients. Transpl Infect Dis. 2020:e13364.

	 96.	 Corbett RW, Blakey S, Nitsch D, et al; West London Renal and 
Transplant Centre. Epidemiology of COVID-19 in an Urban Dialysis 
Center. J Am Soc Nephrol. 2020;31:1815–1823.

	 97.	 Tortonese S, Scriabine I, Anjou L, et al; AP-HP/Universities/Inserm 
COVID-19 research collaboration. COVID-19 in patients on mainte-
nance dialysis in the Paris region. Kidney Int Rep. 2020;5:1535–1544.

	 98.	 Keller N, Chantrel F, Krummel T, et al. Impact of first-wave 
COronaVIrus disease 2019 infection in patients on haemoDIALysis in 
Alsace: The observational COVIDIAL study. Nephrol Dial Transplant. 
2020;35:1338–1411.

	 99.	 Molly FMY, Mokrzycki MH, Golestaneh L, et al. Chronic hemodialy-
sis patients hospitalized with COVID-19 - short-term outcomes in 
Bronx, New York. Kidney360. 2020;1:755–762.

	100.	 Valeri AM, Robbins-Juarez SY, Stevens JS, et al. Presentation and 
outcomes of patients with ESKD and COVID-19. J Am Soc Nephrol. 
2020;31:1409–1415.

Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



54	 Transplantation  ■  January 2021  ■ Volume 105  ■  Number 1	 www.transplantjournal.com

	101.	 Ng JH, Hirsch JS, Wanchoo R, et al. Outcomes of patients with end-
stage kidney disease hospitalized with COVID-19. Kidney interna-
tional. 2020;S0085-2538(20)30945-5. [Epub ahead of print. August 
15, 2020.] doi:10.1016/j.kint.2020.07.030

	102.	 Ravanan R, Callaghan CJ, Mumford L, et al. SARS-CoV-2 infection 
and early mortality of wait-listed and solid organ transplant recipients 
in England: A national cohort study. Am J Transplant. 2020. [Epub 
ahead of print. August 11, 2020]. doi:10.1111/ajt.16247

	103.	 Massie AB, Boyarsky BJ, Werbel WA, et al. Identifying scenarios of 
benefit or harm from kidney transplantation during the COVID-19 
pandemic: A stochastic simulation and machine learning study. Am J 
Transplant. 2020. [Epub ahead of print. June 9, 2020]. doi:10.1111/
ajt.16117

	104.	 Holshue ML, DeBolt C, Lindquist S, et al. First case of 2019 
novel coronavirus in the United States. N Engl J Med. 2020;382: 
929–936.

	105.	 Loupy A, Aubert O, Reese PP, et al. Organ procurement 
and transplantation during the COVID-19 pandemic. Lancet. 
2020;395:e95–e96.

	106.	 Ahn C, Amer H, Anglicheau D, et al. Global transplantation COVID 
Report March 2020. Transplantation. 2020;104:1974–1983.

	107.	 Zidan A, Alabbad S, Ali T, et al. Position statement of transplant activ-
ity in the middle east in era of COVID-19 pandemic. Transplantation. 
2020;104:2205–2207.

	108.	 Bromberg J, Baan C, Chapman J, et al. The impact of COVID-19 on 
the state of clinical and laboratory research globally in transplantation 
in May 2020. Transplantation. 2020;104:2252–2257.

	109.	 Cravedi P, Schold JD, Safa K, et al. The COVID-19 pandemic: A 
community approach. Clinical transplantation. 2020:e14059.

	110.	 Singhal A, Sahota GS, Srivastava P, et al. Living donor liver transplan-
tation during the COVID-19 pandemic: “Elective” but “Necessary.” 
Transplantation. 2020. [Epub ahead of print. September 2, 2020]. 
doi:10.1097/TP.0000000000003449

	111.	 Boyarsky BJ, Po-Yu Chiang T, Werbel WA, et al. Early impact of 
COVID-19 on transplant center practices and policies in the United 
States. Am J Transplant. 2020;20:1809–1818.

	112.	 Cholankeril G, Podboy A, Alshuwaykh OS, et al. Early impact 
of COVID-19 on solid organ transplantation in the United States. 
Transplantation. 2020;104:2221–2224.

	113.	 de Vries APJ, Alwayn IPJ, Hoek RAS, et al. Immediate impact of 
COVID-19 on transplant activity in the Netherlands. Transpl Immunol. 
2020;61:101304.

	114.	 Angelico R, Trapani S, Manzia TM, Lombardini L, Tisone G, Cardillo 
M. The COVID-19 outbreak in Italy: Initial implications for organ 
transplantation programs. Am J Transplant. 2020;20:1780–1784.

	115.	 Devresse A, Belkhir L, Vo B, et al. COVID-19 infection in kidney 
transplant recipients: A single-center case series of 22 cases from 
Belgium. Kidney Med. 2020;2:459–466.

	116.	 Manara AR, Mumford L, Callaghan CJ, et al. Donation and trans-
plantation activity in the UK during the COVID-19 lockdown. Lancet. 
2020;396:465–466.

	117.	 Reddy MS, Hakeem AR, Klair T, et al. Trinational study exploring 
the early impact of the COVID-19 pandemic on organ donation 
and liver transplantation at national and unit levels. Transplantation. 
2020;104:2234–2243.

	118.	 Syed SM, Gardner J, Roll G, et al. COVID-19 and abdominal trans-
plant: A stepwise approach to practice during pandemic conditions. 
Transplantation. 2020;104:2215–2220.

	119.	 Ho QY, Chung SJ, Low SCS, et al. Evaluating potential deceased 
donor renal transplant recipients for asymptomatic COVID-19. 
Transplant Direct. 2020;6:e559.

	120.	 Woolley AE, Mehra MR. Dilemma of organ donation in transplan-
tation and the COVID-19 pandemic. J Heart Lung Transplant. 
2020;39:410–411.

	121.	 Chung SJ, Tan EK, Kee T, et al. Practical considerations for solid 
organ transplantation during the COVID-19 global outbreak: The 
experience from Singapore. Transplant Direct. 2020;6:e554.

	122.	 Stock PG, Wall A, Gardner J, et al. Ethical issues in the COVID era: 
Doing the right thing depends on location, resources, and disease 
burden. Transplantation. 2020;104:1316–1320.

	123.	 Galvan NTN, Moreno NF, Garza JE, et al. Donor and transplant can-
didate selection for solid organ transplantation during the COVID-19 
pandemic. Am J Transplant. 2020. [Epub ahead of print. June 10, 
2020]. doi:10.1111/ajt.16138

	124.	 Ai T, Yang Z, Hou H, et al. Correlation of chest CT and RT-PCR test-
ing for coronavirus disease 2019 (COVID-19) in China: A report of 
1014 cases. Radiology. 2020;296:E32–E40.

	125.	 Unruh MA, Yun H, Zhang Y, et al. Nursing home characteristics 
associated with COVID-19 deaths in Connecticut, New Jersey, and 
New York. J Am Med Dir Assoc. 2020;21:1001–1003.

	126.	 Aziz F, Muth B, Parajuli S, et al. Unusually high rates of acute rejec-
tion during the COVID-19 pandemic: Cause for concern? Kidney Int. 
2020;98:513–514.

	127.	 Bhimraj A, Morgan RL, Shumaker AH, et al. Infectious Diseases 
Society of America guidelines on the treatment and management of 
patients with COVID-19. Clin Infect Dis. 2020;ciaa478. [Epub ahead 
of print. April 27, 2020]. doi:10.1093/cid/ciaa478

	128.	 Sheahan TP, Sims AC, Graham RL, et al. Broad-spectrum antivi-
ral GS-5734 inhibits both epidemic and zoonotic coronaviruses. 
Sci Transl Med. 2020;12:eabb5883. [Epub ahead of print. April 29, 
2020]. doi:10.1126/scitranslmed.abb5883

	129.	 Wang M, Cao R, Zhang L, et al. Remdesivir and chloroquine effec-
tively inhibit the recently emerged novel coronavirus (2019-nCoV) in 
vitro. Cell Res. 2020;30:269–271.

	130.	 Beigel JH, Tomashek KM, Dodd LE, et al. Remdesivir for the 
treatment of COVID-19—Preliminary report. N Engl J Med. 
2020;NEJMoa2007764. [Epub ahead of print. October 8, 2020]. 
doi:10.1056/NEJMoa2007764

	131.	 Goldman JD, Lye DCB, Hui DS, et al. Remdesivir for 5 or 
10 days in patients with severe COVID-19. N Engl J Med. 
2020;NEJMoa2015301. [Epub ahead of print. May 27, 2020]. 
doi:10.1056/NEJMoa2015301

	132.	 Cao B, Wang Y, Wen D, et al. A trial of lopinavir-ritonavir in adults hospi-
talized with severe COVID-19. N Engl J Med. 2020;382:1787–1799.

	133.	 Yao X, Ye F, Zhang M, et al. In vitro antiviral activity and projection 
of optimized dosing design of hydroxychloroquine for the treatment 
of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). 
Clin Infect Dis. 2020;71:732–739.

	134.	 Boulware DR, Pullen MF, Bangdiwala AS, et al. A randomized trial of 
hydroxychloroquine as postexposure prophylaxis for COVID-19. N 
Engl J Med. 2020;383:517–525.

	135.	 Cavalcanti AB, Zampieri FG, Rosa RG, et al. Hydroxychloroquine 
with or without azithromycin in mild-to-moderate COVID-19. N Engl 
J Med. 2020;383:2041–2052.

	136.	 Gautret P, Lagier JC, Parola P, et al. Hydroxychloroquine and azithro-
mycin as a treatment of COVID-19: Results of an open-label non-
randomized clinical trial. Int J Antimicrob Agents. 2020;56:105949.

	137.	 Mitja O, Corbacho-Monne M, Ubals M, et al. Hydroxychloroquine 
for early treatment of adults with mild COVID-19: A randomized-
controlled trial. Clin Infect Dis. 2020;ciaa1009. [Epub ahead of print. 
July 16, 2020]. doi:10.1093/cid/ciaa1009

	138.	 Skipper CP, Pastick KA, Engen NW, et al. Hydroxychloroquine in 
nonhospitalized adults with early COVID-19: A randomized trial. Ann 
Intern Med. 2020;173:623–631.

	139.	 Tang W, Cao Z, Han M, et al. Hydroxychloroquine in patients with 
mainly mild to moderate coronavirus disease 2019: Open label, ran-
domised controlled trial. BMJ. 2020;369:m1849.

	140.	 Shang L, Zhao J, Hu Y, et al. On the use of corticosteroids for 2019-
nCoV pneumonia. Lancet. 2020;395:683–684.

	141.	 Normand ST. The RECOVERY platform. N Engl J Med. 
2020;NEJMe2025674. [Epub ahead of print. July 21, 2020]. 
doi:10.1056/NEJMe2025674

	142.	 Writing Committee for the R-CAPI, Angus DC, Derde L, et al. Effect 
of hydrocortisone on mortality and organ support in patients with 
severe COVID-19: The REMAP-CAP COVID-19 corticosteroid 
domain randomized clinical trial. JAMA. 2020;324:1317–1329.

	143.	 Dequin PF, Heming N, Meziani F, et al; CAPE COVID Trial Group and 
the CRICS-TriGGERSep Network. Effect of hydrocortisone on 21-day 
mortality or respiratory support among critically ill patients with 
COVID-19: A randomized clinical trial. JAMA. 2020;324:1298–1306.

	144.	 Tomazini BM, Maia IS, Cavalcanti AB, et al; COALITION COVID-19 
Brazil III Investigators. Effect of dexamethasone on days alive and 
ventilator-free in patients with moderate or severe acute respiratory 
distress syndrome and COVID-19: The CoDEX randomized clinical 
trial. JAMA. 2020;324:1307–1316.

	145.	 Keller MJ, Kitsis EA, Arora S, et al. Effect of systemic glucocorticoids 
on mortality or mechanical ventilation in patients with COVID-19. J 
Hosp Med. 2020;15:489–493.

	146.	 Chen G, Wu D, Guo W, et al. Clinical and immunological features of 
severe and moderate coronavirus disease 2019. J Clin Investigation. 
2020;130:2620–2629.

	147.	 Ruan Q, Yang K, Wang W, et al. Clinical predictors of mortality due to 
COVID-19 based on an analysis of data of 150 patients from Wuhan, 
China. Intensive Care Med. 2020;46:846–848.

Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



© 2021 Wolters Kluwer	 Azzi et al	 55

	148.	 Somers EC, Eschenauer GA, Troost JP, et al. Tocilizumab for 
treatment of mechanically ventilated patients with COVID-19. Clin 
Infect Dis. 2020;ciaa954. [Epub ahead of print. July 11, 2020]. 
doi:10.1093/cid/ciaa954

	149.	 Guaraldi G, Meschiari M, Cozzi-Lepri A, et al. Tocilizumab in patients 
with severe COVID-19: A retrospective cohort study. Lancet 
Rheumatol. 2020;2:e474–e484.

	150.	 Pereira MR, Aversa MM, Farr MA, et al. Tocilizumab for severe 
COVID-19 in solid organ transplant recipients: A matched case-con-
trol study. Am J Transplant. 2020. [Epub ahead of print. September 
18, 2020]. doi: 10.1111/ajt.16314.

	151.	 Mehta P, McAuley DF, Brown M, et al; HLH Across Speciality 
Collaboration, UK. COVID-19: consider cytokine storm syndromes 
and immunosuppression. Lancet. 2020;395:1033–1034.

	152.	 Huet T, Beaussier H, Voisin O, et al. Anakinra for severe forms of 
COVID-19: A cohort study. Lancet Rheumatol. 2020;2:e393–e400.

	153.	 Casadevall A, Pirofski LA. The convalescent sera option for contain-
ing COVID-19. J Clin Invest. 2020;130:1545–1548.

	154.	 Joyner MJ, Bruno KA, Klassen SA, et al. Safety update: COVID-
19 convalescent plasma in 20,000 hospitalized patients. Mayo Clin 
Proc. 2020;95:1888–1897.

	155.	 Joyner MJ, Senefeld JW, Klassen SA, et al. Effect of convalescent 
plasma on mortality among hospitalized patients with COVID-19: 
Initial three-month experience. medRxiv. 2020. [Epub ahead of print. 
August 12, 2020]. doi:10.1101/2020.08.12.20169359

	156.	 Li L, Zhang W, Hu Y, et al. Effect of convalescent plasma ther-
apy on time to clinical improvement in patients with severe and 
life-threatening COVID-19: A randomized clinical trial. JAMA. 
2020;324:460–470.

	157.	 Hansen J, Baum A, Pascal KE, et al. Studies in humanized mice 
and convalescent humans yield a SARS-CoV-2 antibody cocktail. 
Science. 2020;369:1010–1014.

	158.	 Folegatti PM, Ewer KJ, Aley PK, et al; Oxford COVID Vaccine Trial 
Group. Safety and immunogenicity of the ChAdOx1 nCoV-19 vac-
cine against SARS-CoV-2: a preliminary report of a phase 1/2, sin-
gle-blind, randomised controlled trial. Lancet. 2020;396:467–478.

	159.	 Zhu FC, Guan XH, Li YH, et al. Immunogenicity and safety of a 
recombinant adenovirus type-5-vectored COVID-19 vaccine in 
healthy adults aged 18 years or older: A randomised, double-blind, 
placebo-controlled, phase 2 trial. Lancet. 2020;396:479–488.

	160.	 Zhu FC, Li YH, Guan XH, et al. Safety, tolerability, and immunogenic-
ity of a recombinant adenovirus type-5 vectored COVID-19 vaccine: 
A dose-escalation, open-label, non-randomised, first-in-human trial. 
Lancet. 2020;395:1845–1854.

	161.	 Jackson LA, Roberts PC, Graham BS. A SARS-CoV-2 mRNA 
vaccine—Preliminary report. Reply. N Engl J Med. 2020;383: 
1191–1192.

	162.	 Xia S, Duan K, Zhang Y, et al. Effect of an inactivated vaccine against 
SARS-CoV-2 on safety and immunogenicity outcomes: Interim anal-
ysis of 2 randomized clinical trials. JAMA. 2020;324:951–960.

Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.


