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ABSTRACT
Background COVID-19 has been associated with high morbidity and mortality in kidney transplant recipients. However, risk factors for COVID-19 disease in patients with kidney transplants remain poorly
deﬁned.
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Methods We enrolled patients who underwent kidney transplantation and were actively followed up in
two hospitals in Paris on March 1st, 2020. Patients were screened for baseline and transplant characteristics, functional parameters, comorbidities, and immunosuppressive therapies. COVID-19 disease was
assessed. Patients were followed up during the pandemic until April 30th, 2020 by the COVID-19 SLS KT
survey program, including teleconsulting, at-home monitoring for patients with COVID-19, and a dedicated phone hotline platform.
Results Among 1216 patients with kidney transplants enrolled, 66 (5%) patients were identiﬁed with
COVID-19 disease, which is higher than the incidence observed in the general population in France
(0.3%). Their mean age was 56.4612.5 years, and 37 (56%) patients were men. The following factors were
independently associated with COVID-19 disease: non-White ethnicity (adjusted odds ratio [OR], 2.17;
95% conﬁdence interval [95% CI], 1.23 to 3.78; P50.007), obesity (OR, 2.19; 95% CI, 1.19 to 4.05; P50.01),
asthma and chronic pulmonary disease (OR, 3.09; 95% CI, 1.49 to 6.41; P50.002), and diabetes (OR, 3.33;
95% CI, 1.92 to 5.77; P,0.001). The mortality rate related to COVID-19 disease was 1% in the overall study
population and 24% in COVID-19–positive patients.
Conclusions Patients with kidney transplants display a high risk of mortality. Non-White ethnicity and
comorbidities such as obesity, diabetes, asthma, and chronic pulmonary disease were associated
with higher risk of developing COVID-19 disease. It is imperative that policy makers urgently ensure the
integration of such risk factors on response operations against COVID-19.
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Since its onset in Wuhan, China,1 the epidemic of
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) has rapidly spread worldwide, and
on March 11th, 2020, it was declared a pandemic by
the World Health Organization (WHO).2 As the
coronavirus disease 2019 (COVID-19) pandemic
progresses, evidence of high morbidity is emerging
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daily, reﬂected by elevated hospitalization rates in intensive
care units (ICUs) resulting in excessive mortality rates. As of
May 1st, 2020, .247,000 people have died of COVID-19
worldwide, with over 85% of the deaths in Europe and the
United States.3
Patients with kidney transplants seem to be at particularly
high risk for severe COVID-19 disease. Two case series of
patients with kidney transplants were reported in New York:
36 patients by Montﬁore Medical Center4 and 15 patients by
the Columbia University.5 Three additional series came from
Europe: seven patients from St. George’s University Hospital
National Health Service Foundation Trust in London, United
Kindom6; 20 patients originating from Spedali Civili University Hospital in Brescia, Italy7; and eight patients from Instituto de Investigación Sanitaria Hospital “12 de Octubre”
(imas12), Madrid, Spain.8 These reports have shown an unusually high mortality rate among kidney transplant recipients
with COVID-19, ﬂuctuating between 20% and 28% as compared with the report of 1%–5% mortality among patients
with COVID-19 in the general population.
The general consensus regarding viral susceptibility in
transplant recipients is that immune-compromised individuals are at greater risk of severe infection due to their impaired
immune responses, particularly in the presence of concurrent
comorbidities, which are widely common in patients with
CKD. Yet, although early Chinese and Italian reports have
associated age, men, smoking, and cardiometabolic comorbidities with adverse outcomes in the general population,9
speciﬁc investigations into the prevalence and the risk factors
related to COVID-19 disease in the kidney transplant population are lacking. Shedding light on these factors has been
identiﬁed as a priority in public health research and represents
a potential response to pandemic control.10
The virus was conﬁrmed to have reached France on January
24th, 2020, with the ﬁrst reported death conﬁrmed on February
14th. The number of patients has, since then, exponentially risen
all over the country, and by May 1st, 2020, 24,594 deaths related to COVID-19 infection were recorded in France.11 As
Paris emerged as an epicenter, the epidemic brought new major challenges into the transplantation activity, including the
halt of the living and deceased donors transplant programs
ordered by the National Agency of Organ Repartition (Agence
de Biomédecine) and the important reduction of the posttransplant outpatient activity. Under the aegis of the recommendations enacted by the French government, medical and
nonmedical staff combined their efforts to face the outbreak;
most notably, the COVID-19 SLS Kidney Transplant survey
program was built to minimize the risk of intrahospital disease transmission using teleconsultation and to maximize the
identiﬁcation and follow-up of COVID-19–positive patients
with kidney transplants.12
In this exceptional setting, between March 1st and April
30th, 2020, concurrently with the ascending and peak stages
of the epidemic, we undertook a prospective cohort study in
Saint-Louis and Bichat hospitals in Paris (Public Hospitals of
2414
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Signiﬁcance Statement
Although studies have found coronavirus disease 2019 (COVID-19)
to be associated with high morbidity and mortality among kidney
transplant recipients, risk factors for COVID-19 among kidney
transplant patients remain poorly deﬁned. In this prospective cohort study in France, the authors enrolled 1216 kidney transplant
patients, 66 (5%) of whom were diagnosed with COVID-19. The
mortality rate associated with COVID-19 for the overall study
population was 1% and 24% among COVID-19–positive patients.
Factors that were independently associated with COVID-19 included non-White race and comorbidities, including obesity, diabetes, and asthma and chronic pulmonary disease. In the context
of COVID-19, it is imperative that policy makers integrate information about risk factors to help clinicians balance beneﬁts and
risks and better advise patients about potential risks.

Paris Organization: Assistance Publique des Hôpitaux de Paris
[APHP]), capitalizing on the abovementioned survey program, with the aim to evaluate the prevalence of COVID-19
disease in a nonselected population of 1216 kidney recipients.
We also aimed to identify the demographics, comorbidities,
and clinical and functional parameters associated with
COVID-19 disease in this speciﬁc population.
Moreover and most importantly, by detecting modiﬁable
and nonmodiﬁable determinants associated with the susceptibility and severity of COVID-19 infection, our study seeks to
provide imperative information for the reshaping of renal
transplantation in this new context, particularly in a crucial
period when some countries—France among them—are
questioning the reorganization of renal transplantation after
the peak.
METHODS
Study Population

This prospective study considered all consecutive patients who
underwent kidney transplantation at Saint-Louis Hospital
(Paris, France) between January 2004 and December 2019
(n51865).
All patients with active follow-up in the two referral transplant centers (Saint-Louis and Bichat hospitals) located in the
north of Paris, France (as shown in Supplemental Figure 1) on
March 1st, 2020 were included in the COVID-19 SLS KT survey program. We excluded patients (1) with graft failure and
return to dialysis (n5219), (2) lost to follow-up (n5155), and
(3) who were deceased (n5275) before March 1st.
Study Design and Clinical Data

The study was performed and patients were included between
March 1st and April 30th, 2020.
The COVID-19 SLS KT program is illustrated in Figure 1
and was composed of three units: (1) a unit dedicated to check,
through a phone teleconsultation (TC), whether patients presented any symptoms and whether they had been diagnosed
with COVID-19 disease. Speciﬁcally, we performed a ﬁrst TC
JASN 31: 2413–2423, 2020
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Figure 1. The ﬁgure illustates the design of this observational prospective cohort study performed in 1216 kidney transplant recipients
with active follow-up in two referral transplant centers. COVIDOM, commercial name of patients’ application; ORBIS, commercial name
of medical software; PMC, medical hotline platform; pts, patients.

between March 1st and March 15th, where patients were contacted, following an alphabetical order, for inclusion in the
study and screening of risk factors (TC1, n51216) as well as
to inform them about the survey program. Furthermore, we
performed clinical indication TCs between March 16th and
April 14th to assess kidney graft survival according to clinical indication (iTC, n5646). Finally, we performed a last
follow-up visit (TC2, n51172), between April 15th and
April 30th, where patients were contacted again following
an alphabetical order to detect subjects with a previously
conﬁrmed COVID-19 disease and possible actual symptoms, addressing them to ER departments to get tested.
Additionally, a medical hotline platform was available,
throughout the duration of the study, to answer to any request of the patients concerning the epidemics, and to direct every suspect case to nasal swab performing. Other
units included (2) a web platform unit dedicated to educate
and inform patients with kidney transplants (www.docmadi.net)
and (3) a COVID-19 unit dedicated to register and follow
COVID-19–positive patients.
TC1 systematically screened patients for (1) potential
clinical and biologic parameters associated with COVID-19
disease: age, sex, ethnicity, time after transplantation, body
mass index, tobacco consumption, and existing comorbidities
(asthma and chronic respiratory diseases, diabetes, hypertension, and cardiovascular diseases); (2) post-transplant rejection
episodes and current graft function (serum creatinine); and
(3) current immunosuppressive treatment.
For patients with COVID-19 disease, data collection
included initial clinical manifestations, laboratory tests,
computed tomographic scans of the chest, concomitant diagnoses during the hospital course, patient medications
JASN 31: 2413–2423, 2020

(including antiviral therapy, immunosuppression modiﬁcation, oxygen support, invasive mechanical ventilation,
and RRT), and clinical outcomes (discharge, readmission,
and mortality).
Clinical data were registered in the prospective database:
Données Informatiques Validées en Transplantation (ofﬁcial
website: https://www.divat.fr). These data are computerized in
real time as well as at each transplant anniversary and are submitted for an annual audit. Anonymized data from the registry
were prospectively entered at speciﬁc time points for each patient (at the time of transplantation and 6 months and 1 year
after transplantation), and they were updated annually thereafter, at the time of the TC1, and at the time of COVID-19
detection. Data were retrieved from the database on May 1,
2020. The institutional review board approved this study using
data collected for routine clinical practice in the prospective
cohort of kidney recipients from Saint-Louis and Bichat
hospitals (French data protection authority registration
no. 891735).
Principals of Patient’s Management

In the Study Population
In response to the COVID-19 pandemic, national and local
policies and strategies have been implemented during the
study period, relevant for our population of kidney transplant
recipients.
At a national level, the government made general recommendations of social distancing and proclaimed a national health
emergency. Paris and Ile-de-France were locked down on March
16th, 2020. The national agency (Agence de Biomédecine) ordered the suspension of the kidney transplant program. The
Public Hospitals of Paris Organization (APHP) made major
COVID-19 in Kidney Transplantation
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reorganization steps in order to increase hospital capacities for
the ICU and to create COVID-19 units and areas.
For the monitoring of patients with kidney transplants in
Saint-Louis and Bichat hospitals, we applied the strategy described in the Study Design and Clinical Data section
(COVID-19 SLS KT program). During each of the different
visits (TC1, iTCs, and TC2), patients presenting symptoms
compatible with COVID-19 disease were addressed to the
ER department in order to be tested.
In COVID-19–Positive Patients with Kidney Transplants
We recorded patients with COVID-19 disease represented by
kidney transplant recipients with clinical manifestations and
positive SARS-CoV-2 PCR. Screening for COVID-19 was performed only for symptomatic patients, with clinical manifestations such as fever or respiratory symptoms. According
to the WHO guidance,13 the suspected patients diagnosed
as COVID-19 cases were only those with positive result of
real-time quantitative RT-PCR for SARS-CoV-2 of nasal or
pharyngeal swabs. In the case of a ﬁrst negative quantitative
RT-PCR, if the patient had a clinical presentation or radiologic
images compatible with COVID-19 infection, a second nasopharyngeal swab was performed.
Patients diagnosed with COVID-19 disease were registered
and monitored by the COVID-19 SLS KT platform. Depending on the severity of the clinical presentation, patients were
either hospitalized in COVID-19 units in Saint-Louis, Bichat,
or the surrounding hospitals or were managed as outpatients.
Clinical data on the disease evolution were collected from
ORBIS software (a software deployed and routinely used in
39 hospitals in the Ile-de-France region) for hospitalized

patients and from the COVIDOM patients’ application
(www.covidom.fr) developed for the monitoring of
outpatients.
Main Outcomes and Measures

The primary outcome was to measure the prevalence of
COVID-19 disease among patients with kidney transplants.
The secondary outcomes were to analyze (1) the factors associated with COVID-19 symptomatic infection and (2) the
patient survival during the course of COVID-19 disease.
These outcomes were prospectively assessed until May
1st, 2020.
Statistical Analyses

Mean 6 SD described continuous variables, and categorical
variables are expressed as number of patients (percentage).
Percentages of available data for the overall population
are on the basis of the total number of patients included
in the study. Sample size varied because of missing data
(summarized in Tables 1–3). We compared means and proportions using t test and the chi-squared test (or Wilcoxon
and Fisher exact test if appropriate). All statistical tests were
two tailed, and statistical signiﬁcance was deﬁned as
P50.05.
The association of potential factors with COVID-19 disease
was assessed in separate simple logistic regression analysis.
The factors identiﬁed in the univariate analysis (the P value
threshold of 0.20) were therefore included in a ﬁnal multivariable model and then restricted via stepwise backward elimination. Analyses were performed using R version 3.1.3
(R Development Core Team, Vienna, Austria).

Table 1. Baseline characteristics of the study population according to the presence of COVID-19 disease after kidney
transplantation
Demographic Characteristics
Age, yr
Men, no. (%)
Non-White, no. (%)
Blood group, no. (%)
A
B
O
AB
Cause of ESKD, no. (%)
Glomerulopathies
Diabetes
Vascular
Other
Deceased donor, no. (%)
Prior kidney transplant, no. (%)
Time on dialysis prior to transplantation, mob
Multiorgan recipients, no. (%)

All Patients,
n51216

COVID-19–Positive Patients,
n566

COVID-19–Negative Patients,
n51150

P Valuea

54.1613.4
777 (64)
222 (24)

56.4612.5
37 (56)
24 (36)

54.0613.4
740 (64)
198 (17)

0.14
0.17
,0.001
0.90

463 (38)
194 (16)
489 (40)
70 (6)

23 (35)
12 (18)
28 (42)
3 (5)

440 (38)
182 (16)
461 (40)
67 (6)

254/1206 (21)
195/1206 (16)
209/1206 (17)
548/1206 (46)
1053 (87)
132 (11)
49.4642
96 (8)

7/66 (11)
12/66 (18)
16/66 (24)
31/66 (47)
64 (97)
8 (12)
57.8646.2
4 (6)

247/1140 (22)
183/1140 (16)
196/1140 (17)
514/1140 (45)
989 (86)
124 (11)
48.8641.8
92 (8)

0.13

,0.001
0.69
0.09
0.57

Plus-minus values are means 6 SD.
a
P values are for the comparisons between COVID-19–positive and COVID-19–negative patients.
b
Time on dialysis prior to transplantation was available in 1078 patients.

2416

JASN

JASN 31: 2413–2423, 2020

www.jasn.org

CLINICAL RESEARCH

Table 2. Clinical features and outcomes of kidney transplant recipients with COVID-19
Clinical Features and Outcomes
Features at diagnosis
Clinical presentation, no. (%)
Fever
Cough
Dyspnea (exertional or rest)
Diarrhea
Anosmia/ageusia
Laboratory testsa
White blood cell count, 1000/ml, median (range)a
Absolute lymphocyte count, /ml
C-reactive protein, mg/L
Chest x-ray/pulmonary CT scan,a no. (%)
Multifocal/bilateral patchy opacities
Lobar opacities
No acute ﬁndings
Immunosuppressive treatment, no. (%)
MMF/MPA/AZA
CNI
Belatacept
Steroids
Treatment and outcome
Change in immunosuppression, no. (%)
Discontinued only MMF/MPA/AZA
Discontinued only CNI
Belatacept infusion postpone
No change
Discontinued all immunosuppression
Anti–COVID-19 therapies, no. (%)
Hydroxychloroquine
Tocilizumab
Eculizumab
Outcomes, no. (%)
AKI
RRT required
Died
Recovery

All Patients,
n566

51 (77)
38 (58)
26 (39)
17 (26)
7 (11)

Invasive Mechanical
Ventilation, n515

12 (80)
11 (73)
12 (80)
2 (13)
0 (0)

5.9 (1.6–14.2)
528 (80–1300)
115 (0–335)

7.4 (2.6–14.2)
473 (80–1180)
159 (18–316)

No Invasive Mechanical
Ventilation, n551

39 (76)
27 (53)
14 (27)
15 (29)
7 (14)
5.3 (1.6–13.2)
548 (169–1300)
96 (0–335)

38/56 (68)
3/56 (5)
15/56 (27)

12/13 (92)
1/13 (8)
0/13 (0)

26/43 (60)
2/43 (5)
15/43 (35)

61 (92)
57 (86)
6 (9)
55 (83)

13 (87)
14 (93)
1 (7)
13 (87)

48 (94)
43 (84)
5 (10)
42 (82)

38/61 (62)
2/57 (4)
1/6 (17)
24 (36)
1 (2)

13 (100)
2/14 (14)
0
2 (13)
1 (7)

25/48 (52)
0
1/5 (20)
22 (43)
0

7 (11)
1 (2)
2 (3)

4 (27)
0 (l0)
0 (0)

3 (6)
1 (2)
2 (4)

28 (42)
7 (11)
16 (24)
50 (76)

13 (87)
7 (47)
11 (73)
4 (27)

15 (29)
0 (0)
5 (10)
46 (90)

Data are displayed as n (%) or median (range). CT, computed tomography; MMF, mycophenolate mofetil; MPA, mycophenolic acid; AZA, azathioprine; CNI,
calcineurin inhibitor.
a
Data recorded in the 60 hospitalized patients, with missing data for two patients in the invasive mechanical ventilation group and two patients in the noninvasive
mechanical ventilation group, for patients admitted to other hospitals.

RESULTS
Baseline Characteristics of the Kidney
Transplant Recipients

In total, 1216 patients who underwent kidney transplantation and were actively followed up in two transplant centers
in Paris (799 at Saint-Louis Hospital and 417 at Bichat
Hospital) were included in the study. Sixty-six (5%) patients
were diagnosed with COVID-19 disease between March
1st and April 30th, 2020. The characteristics of the study
population at the time of transplantation, according to the
absence or presence of COVID-19 disease, are listed in
Table 1.
JASN 31: 2413–2423, 2020

Thirty-seven (56%) were men, with a similar sex ratio similar with that of patients without COVID-19 disease (740 of
1150; 64%). Their mean age was 56.4612.5 years compared
with 54613.4 years in patients without COVID-19 disease. Their
time on dialysis before transplantation was 57.8646.2 months
compared with 48.8641.8 in patients without COVID-19. Eight
(12%) COVID-19–positive patients had a prior kidney transplant, and four (6%) received a combined kidney graft with liver
or pancreas transplant, which were not signiﬁcantly different
from COVID-19–negative patients (11% and 8%, respectively).
COVID-19–positive patients were more often recipients
from deceased donors (64 of 66 patients versus 989 of 1150;
P,0.001) and were more frequently non-Whites as compared
COVID-19 in Kidney Transplantation
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Table 3. Factors assessed at time of post-transplant risk evaluation associated with COVID-19 disease in patients with kidney
transplants: univariate and multivariate analysis
Factors Associated with COVID-19 Disease in Kidney
Transplant Patients
Factors associated with COVID-19 disease: univariate analysis
Recipient characteristics
Age, per 1-yr increment
Sex
Women
Men
Ethnicity
White
Non-White
Transplant characteristics
Donor type
Deceased donor
Living donor
Prior kidney transplant
No
Yes
Time on dialysis before graft per 1-mo increment
Multiorgan recipient
No
Yes
Time of risk evaluation
Time from transplant to evaluation per 1-mo increment
Functional allograft parameters
Recent episode of rejection
No
Yes
Serum creatinine per mmol/L increment
Comorbidities
Smoker
No
Yes
Obesity (BMI$30)
No
Yes
Diabetes
No
Yes
Hypertension
No
Yes
Asthma and chronic pulmonary disease
No
Yes
Cardiovascular disease
No
Yes
Maintenance immunosuppressive therapies
Prednisone
No
Yes
Tacrolimus
No
Yes

2418
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No. of
Patients

No. of COVID-19–Positive
Patients

Odds Ratio
(95% CI)

P Value

1216

66

1.01 (1.00 to 1.04)

0.15

439
777

29
37

1
0.71 (0.43 to 1.17)

0.17

994
222

42
24

1
2.75 (1.63 to 4.64) ,0.001

1053
163

64
2

1
0.19 (0.05 to 0.79) ,0.001

1084
132
1078

58
8
66

1
0.88 (0.41 to 1.88)
1.00 (1.00 to 1.01)

0.69
0.09

1120
96

62
4

1
1.35 (0.48 to 3.79)

0.57

1216

66

0.99 (0.99 to 1.00)

0.02

971
245
1185

54
12
66

1
0.87 (0.46 to 1.66)
1.00 (1.00 to 1.01)

0.68
0.11

1060
156

60
6

1
0.67 (0.28 to 1.57)

0.35

1043
151

46
20

1
3.31 (1.90 to 5.77) ,0.001

926
290

35
31

1
3.05 (1.84 to 5.04) ,0.001

287
929

8
58

1
2.32 (1.10 to 4.92)

1138
78

53
13

1
4.09 (2.12 to 7.89) ,0.001

1146
70

65
1

1
0.24 (0.03 to 1.76)

0.17

368
829

11
55

1
2.31 (1.19 to 4.46)

0.01

510
691

29
37

1
0.94 (0.57 to 1.55)

0.80

0.02

JASN 31: 2413–2423, 2020
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Table 3. Continued
Factors Associated with COVID-19 Disease in Kidney
Transplant Patients

No. of
Patients

No. of COVID-19–Positive
Patients

Odds Ratio
(95% CI)

841
360

46
20

1
1.02 (0.59 to 1.74)

0.95

201
996

13
53

1
0.81 (0.43 to 1.52)

0.51

1051
70

57
6

0.61 (0.25 to 1.47)
1

1047
150

58
8

1
0.96 (0.45 to 2.05)

0.92

293
741

11
55

1
1.67 (0.87 to 3.47)

0.15

829
205

42
24

1
2.17 (1.23 to 3.78)

0.007

970
64

65
1

1
0.20 (0.03 to 1.50)

0.12

900
134

46
20

1
2.19 (1.19 to 4.05)

0.01

964
70

53
13

1
3.09 (1.49 to 6.41)

0.002

785
249
1034

35
31
66

1
3.33 (1.92 to 5.77) ,0.001
1.01 (0.99 to 1.01)
0.07

Cyclosporin
No
Yes
Mycophenolate mofetil or mycophenolic acid
No
Yes
Belatacept
No (CNI regimen)a
Yes
Azathioprine
No
Yes
Factors associated with COVID-19 disease: multivariate model
Prednisoneb
No
Yes
Ethnicity
White
Non-White
Cardiovascular disease
No
Yes
Obesity (BMI$30)
No
Yes
Asthma and chronic pulmonary disease
No
Yes
Diabetes
No
Yes
Time on dialysis before graft per 1-mo increment

P Value

0.28

OR, odds ratio; BMI, body mass index; CNI, calcineurin inhibitor (cyclosporin or tacrolimus).
a
Three patients did not take either CNI or belatacept.
b
The multivariable analysis was restricted to 1034 patients without any missing data for each of the variables included in the ﬁnal model by the stepwise backward
elimination.

with patients who were COVID-19 negative (24 of 66 patients
versus 198 of 1150; P,0.001).
Clinical Manifestations and Outcome of Kidney
Recipients with COVID-19 Disease

Clinical manifestations and outcomes of COVID-19–positive
patients are described herein, and their main characteristics
are summarized in Table 2.
No cases were detected by TC1; a total of 35 patients were diagnosed after being referred by the hotline (the ﬁrst patient contacted the hotline on March 13th), with fever being the most frequent
complaint reported (33 of 35 patients); 12 patients were diagnosed
by the following iTCs and ﬁve were diagnosed by the last phone call
(TC2). The remaining 14 patients were either addressed by
other colleagues or directly diagnosed in the ER department.
The most common presenting symptom was fever, which
was reported in 51 of 66 (77%) patients, followed by cough,
JASN 31: 2413–2423, 2020

which was present in 38 (58%) patients. Depending on the
severity of the initial presentation, patients were either hospitalized or managed as outpatients. Sixty of 66 (91%) patients needed hospitalization, whereas six (9%) patients
were stable in the weeks following COVID-19 diagnosis
and were managed as outpatients (biologic and pulmonary
imaging was not performed in outpatients unless clinical
deterioration).
Fifteen of 66 (22%) COVID-19–positive patients needed
intubation and ventilation and were transferred to ICU.
Dyspnea was the main clinical presentation of patients admitted to the ICU, and it was observed in 12 of 15 (80%)
patients in the invasive mechanical group compared with
27% in the no invasive mechanical group. Anosmia and ageusia
were restricted to the less severe group. The vast majority of
patients who required invasive mechanical ventilation displayed bilateral/multifocal opacities on chest x-ray or CT
COVID-19 in Kidney Transplantation
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scan. Only two patients in the noninvasive mechanical ventilation group received other forms of ventilation support
(namely C-PAP).
Twenty-nine of 66 patients underwent a reduction in the
immunosuppression regimen. Immunosuppression reduction was more frequently done in the invasive mechanical
ventilation group (87%) than in the no invasive mechanical
ventilation group (57%). The primary change in immunosuppression regimen in the majority of patients was the complete cessation of antimetabolites (mycophenolate mofetil,
mycophenolic acid, or azathioprine [38 of 61; 62%]), especially
in the invasive mechanical group (antimetabolites were
stopped in all patients whose initial treatment included antimetabolites), while continuing tacrolimus (with a goal trough of
4–6 ng/ml) or cyclosporin (with a goal trough of 400–600 ng/ml)
and the baseline prednisone in those individuals who were
on maintenance prednisone. In two patients only, calcineurin
inhibitors were interrupted. Six patients were also on maintenance belatacept, and in one patient, the perfusion of belatacept was delayed. Only two patients had all of their treatment
discontinued, as both were severe patients. In addition to the
reduction of immunosuppression, seven (11%) patients received hydroxychloroquine. A single dose of tocilizumab was
given to one patient, and two patients received eculizumab.
Mortality rate related to COVID-19 disease in our kidney
transplant population was of 1%. Sixteen of the 66 (24%)
patients who were COVID-19 positive died during the pandemic period. The characteristics of deceased patients are presented in Supplemental Table 1. Mortality was higher in the
invasive mechanical ventilation group: 11 of 15 (73%) in the
invasive mechanical ventilation group and ﬁve of 51 (10%) in
the no invasive ventilation group. At the end of follow-up,
50 (76%) patients had recovered.
Twenty-eight (42%) patients with COVID-19 developed
AKI: ten patients (15%) with Kidney Disease Improving
Global Outcomes (KDIGO) stage 1, ﬁve patients with KDIGO
stage 2 (8%), and 13 patients with KDIGO stage 3 (20%),
among whom seven patients required RRT (all of them where
in the invasive mechanical ventilation group). Apart from the
deceased patients, all of the others regained their baseline renal
function before being discharged from the hospital.
Factors Assessed at Time of Post-Transplant Risk
Evaluation Associated with COVID-19 Disease in
Patients with Kidney Transplants

We ﬁrst investigated the parameters measured at the time of
post-transplant risk evaluation (TC1) that were associated
with COVID-19 disease in univariable analysis (Table 3,
univariate analysis).
The following factors identiﬁed in this analysis were thereafter tested in a ﬁnal multivariable model: patient age, sex,
ethnicity, donor type, time on dialysis before graft, time
from transplant to evaluation, serum creatinine, obesity, diabetes, hypertension, asthma and chronic pulmonary disease,
cardiovascular disease, and prednisone treatment.
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The factors independently associated with COVID-19 disease were the following: non-White ethnicity (adjusted odds
ratio, 2.17; 95% conﬁdence interval [95% CI], 1.23 to 3.78;
P50.007), obesity (adjusted odds ratio, 2.19; 95% CI, 1.19
to 4.05; P50.01), asthma and chronic pulmonary disease (adjusted odds ratio, 3.09; 95% CI, 1.49 to 6.41; P50.002), and
diabetes (adjusted odds ratio, 3.33; 95% CI, 1.92 to 5.77;
P,0.001) (Table 3, multivariate analysis).

DISCUSSION

This prospective study provides a comprehensive insight into
COVID-19 disease in a large and nonselected population of
immunocompromised patients. With a total number of 1216
kidney transplant recipients, we were able to estimate the clinical effect of SARS-CoV-2 over 8 weeks, which corresponded
to the ascending and peak phases of the epidemic.
In our study, 5% of patients developed COVID-19 disease,
and their mortality was of 1%. These two parameters do not
merely capture the susceptibility and the fragility of our population to viral infection but also, reﬂect the capacity of medical and nonmedical actions, deployed at national and local
levels, to efﬁciently combat this pandemic. Taking as a reference the end date of our study (April 30th, 2020), the cumulated number of patients with COVID-19 (deﬁned according
to the positivity of nasal swab) in Ile-de-France region (which
includes the proper city of Paris and its conglomerations) was
40,239 (including 10,901 effective hospitalizations, 17,570 recovering, and 6008 deaths).14 Hence, a rough estimation of
COVID-19 prevalence in Ile de France (according to a total
population of 12,253,547 in 2017)3 is about 0.3%, which is far
lower than the roughly 5% prevalence we found in our selected
transplanted population.
The disease prevalence and mortality related to COVID-19
infection observed in our study are higher than those reported
even in the general population in France15 and in other countries.3,9,16 Regarding speciﬁcally the mortality, it remains elevated (24%) in patients with COVID-19 in our study but
comparable with those reported in the United States, the
United Kingdom, and Italy groups, supporting the idea that
kidney transplantation recipients should be considered a
population at risk.4–6
Given the previous pandemic experience, it is imperative
that policy makers urgently ensure the integration of risk factors in the SARS-CoV-2 ﬁght measures.17 The identiﬁcation of
modiﬁable and nonmodiﬁable factors related to COVID-19
infection thus becomes pivotal information for the remold of
health systems in the following weeks and months. Pragmatically, for the transplantation domain, the main call is how to
organize the follow-up of patients with transplants during the
period of outbreak. In France, as well as in other countries, we
need to timely inform decision, as we face the crossroad between countries that have overcome the peak of the epidemic
and those that are entering it.
JASN 31: 2413–2423, 2020
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Our study demonstrates the greater role of two nonmodiﬁable elements in the SARS-CoV-2–related disease in patients
with kidney transplants: comorbidities and ethnic groups.
As in the general population,16 our study identiﬁes obesity,
diabetes, and asthma/chronic pulmonary diseases as factors
independently associated with COVID-19 disease in patients
with kidney transplants. Interestingly, in comparison with
other studies,18 no speciﬁc role was found for age, sex, ABO
blood group, and tobacco consumption.
On the other hand, the epidemics have unraveled another
crucial factor: ethnic groups. The fact that infectious diseases
are more frequently found in under-represented minorities
has already been pointed out both in previous19 and in the
actual pandemics.20 In New York City, a disproportionate
burden has emerged especially within Black and Hispanic
communities, which have accounted for 28% and 34% of
deaths (population representation: 22% and 29%, respectively).20 The Johns Hopkins University and the American
Community Survey indicate that to date, of 131 predominantly Black counties in the United States, the infection rate
is 137.5 of 100,000, and the death rate is 6.3 of 100,000.21
With regard to Paris itself, a higher mortality (conceivably
related to COVID-19) was reported, during the peak of the
epidemic, in the Seine-Saint-Denis department,22 situated in
the northern outskirts of Paris and known for its higher immigration rates (26% of total population according to the
Institut national de la statistique et des études économiques,
Paris Census 2015).23 The causes of this reported high mortality have been the objective of a preliminary analysis carried
out by Observatoire régional de la Santé, Ile de France, published online in April 2020.24 This study pointed out the
possible role of three different factors: those related to the
urban tissue, notably largest families, homes with lower surface, higher density urban tissue; those related to employment,
notably the higher presence of “key workers” who did not halt
their activities during the quarantine; and those related to
health system: the higher prevalence of comorbidities and the
concurrent deﬁciency of health structures.
Eventually, the unfavorable conjunction of precarious
health status, overcrowding, and overexposure to COVID-19
virus reﬂected by the impossibility of teleworking might be the
explication for the higher infection rates among the northern
suburban Paris population. Because of their geographical
positions, Saint Louis and Bichat hospitals gather a signiﬁcant
population of patients with transplants who live in these areas
of the Parisian conurbation. In this sense, the fact that nonWhite ethnicity is, in our model, an independent determinant
of COVID-19 infection is not surprising, as it would be the
expression of a certain social context responsible for an enhanced risk of contracting the disease. So, our study reinforces
the importance of ethnicity in COVID-19 disease, conﬁrming
United States data in a European population.
Additionally, our analysis also investigated potential risk
factors speciﬁcally related to transplantation. We observed
that patients with COVID-19 are more frequently recipients
JASN 31: 2413–2423, 2020
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from deceased donors and that infection occurs more commonly closer to the date of transplantation, suggesting a role
of the induction depleting agents used at the time of graft.
Similarly, patients with steroid-based regimens presented an
increased risk of COVID-19 disease. In our centers, steroidbased regimens are used for ABO-incompatible transplantation in patients with post-transplant HLA donor-speciﬁc
antibodies “de novo” or in patients who experienced a rejection episode. We did not ﬁnd signiﬁcant differences between
the other immunosuppressive strategies.
Moreover, managing immunosuppression in patients with
COVID-19 disease is arduous. In our experience, no changes
were made in patients with moderate forms (outpatients or
hospitalized patients with low need for oxygen). In more severe scenarios, the most frequent strategy was the withdrawal
of antimetabolites; in particular, antimetabolites were suspended in all patients requiring invasive mechanical ventilation,
although mortality rate was still 53%, with two (13%) patients
still hospitalized by the end of the study. The duration of
suspension still needs to be determined. In addition, the ideal
treatment for kidney transplant recipients with COVID-19
disease remains uncertain. Insights about the interaction
between the host and the virus, cytokine storm, and inﬂammation due to antiviral immune response, all of which are
potential targets for future therapies, have been described.
However, we still need trials aiming to deﬁne the role of these
inﬂammatory pathways.25 Up to date, the use of immunosuppressive treatments, such as hydroxychloroquine, tocilizumab,
and eculizumab (used in our cohort in seven, one, and two
patients, respectively), remains to be demonstrated, and our
limited data prevent any reliable conclusion about their clinical utility in patients with kidney transplants.
Our study has several limitations. The critical situation in
Paris did not allow us to broaden this prospective study to
other centers. Second, the follow-up time was relatively short
and therefore, could not depict the complete course of the
disease. Third, the therapeutic interventions used in this study
were only descriptive. Fourth, by the time the study was conducted, large-scale screening for asymptomatic patients was
not routinely carried out in France. So, the fact we included
only symptomatic patients (with COVID-19–positive swab),
on one hand, impedes any conclusion regarding the prevalence of COVID-19 in patients without clinical manifestations
and on the other, can lead to possibly missing falsely negative
patients.
In conclusion, the ﬁndings of our study represent an easily
exploitable tool in the actual contest. They allow the identiﬁcation of well-deﬁned risk factors as well as a precise description of the burden of the COVID-19 disease in kidney
recipients, on the basis of which physicians and public health
agencies may offer advice and concrete measures regarding
prevention and management.
As risk factors associated with COVID-19 were better described in the kidney transplantation population, with a better
control of the pandemic, reopening the transplant program in
COVID-19 in Kidney Transplantation
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France was possible. Scientiﬁc societies26 recommended a balance between beneﬁts and risks on one hand and to inform
patients about the potential risks. They also recommended
establishing circuits with low risk of contamination context
as well as tailored actions (such as social distancing, reinforced
teleconsultation follow-up, and control of comorbidities) with
regard to the risks identiﬁed in speciﬁc groups of individuals
among kidney transplant recipients.
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SUPPLEMENTAL MATERIAL
Supplementary Table: Demographic, comorbidities and treatment characteristics of deceased
patients
Demographic characteristics
Deceased patients
(N=16)
Age – yr (SD)
61.9±9.6
Male sex – no. (%)

8 (50)

Non-Caucasian – no. (%)

4 (25)

Blood group – no. (%)
A

6 (38)

B

3 (19)

O

7 (43)

AB

7 (43)

Cause of end stage renal disease – no. (%)
Glomerular disease

1 (6)

Diabetes

3 (19)

Vascular

5 (31)

Other

7 (44)

Deceased donor – no. (%)

14 (100)

Prior kidney transplant – no. (%)

1 (6)

Time on dialysis prior to transplantation – mo (SD)

65.9 (42.1)

Multiorgan recipients – no. (%)

0(0)

Time from transplant – mo (SD)

51.8 (48.1)

Recent episode of rejection – no. (%)

2 (13)

Serum creatinine – micromol/L (SD)

160 (86)

Supplementary Table. (Continued)
Comorbidities – no. (%)
Smoke

0 (0)

Obesity

5 (31)

Diabetes

11 (69)

Hypertension

15 (94)

Asthma and chronic pulmonary disease

3 (19)

Cardiovascular disease

0 (0)

Maintenance immunosuppressive therapies – no. (%)
Prednisone

13 (81)

Tacrolimus

10 (63)

Cyclosporine

4 (25)

Mycophenolate mofetil or mycophenolic acid

12 (75)

Belatacept

2 (13)

Azathioprine

2 (13)

Supplementary figure

Supplementary figure. Ile de France area. The scale of brown represents the mean home surface for person in (m2,
the light brown being the lower surface per individual (i.e. higher person density). In blue the boundaries of Paris
city centre, in green the Seine-Saint-Denis area. Red arrows show the position of Saint-Louis (SLS) and Bichat (B)
hospitals. Picture adapted from the ORS Ile-de-France report on COVID-19, April 2020.
(https://94.citoyens.com/wpcontent/blogs.dir/2/files/2020/05/ORS)

