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ABSTRACT

Background. Coronavirus disease 2019 (COVID-19) is an emerging infectious disease, related to severe acute respiratory
syndrome coronavirus 2 infection. Few data are available in patients with end-stage renal disease (ESRD).

Methods. We conducted an observational cohort study of COVID-19 patients at 11 dialysis centres in two distinct districts of
France to examine the epidemiological and clinical characteristics of COVID-19 in this population, and to determine risk
factors of disease severity (defined as a composite outcome including intensive care unit admission or death) and mortality.

Results. Among the 2336 patients enrolled, 5.5% had confirmed COVID-19 diagnosis. Of the 122 patients with a follow-up
superior to 28 days, 37% reached the composite outcome and 28% died. Multivariate analysis showed that oxygen therapy
on diagnosis and a decrease in lymphocyte count were independent risk factors associated with disease severity and with
mortality. Chronic use of angiotensin II receptor blockers (ARBs) (18% of patients) was associated with a protective effect on
mortality. Treatment with azithromycin and hydroxychloroquine (AZT/HCQ) (46% of patients) were not associated with the
composite outcome and with death in univariate and multivariate analyses.

Conclusions. COVID-19 is a severe disease with poor prognosis in patients with ESRD. Usual treatment with ARBs seems to be
protective of critical evolution and mortality. There is no evidence of clinical benefit with the combination of AZT/HCQ.
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INTRODUCTION

The coronavirus disease 2019 (COVID-19) is an emerging infec-
tious disease that was first reported in December 2019 in
Wuhan, China [1]. COVID-19 has spread worldwide in just
>3 months, and the World Health Organization designated
COVID-19 as a global pandemic. The severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection can lead to le-
thal pneumonia associated with high rates of hospitalization in
intensive care units (ICUs) [2, 3].

The largest series of patients with COVID-19 in China [1],
Italy [4] and in a recent meta-analysis [5], reported
comorbidities such as hypertension, cardiovascular diseases,
diabetes, obesity and immunodeficiency associated with in-
creased mortality in COVID-19. Furthermore, chronic kidney
disease (CKD) is an independent factor in mortality during
COVID-19 associated with poor hospital outcomes [6, 7].
Unfortunately, few data are available on the incidence and se-
verity of COVID-19 in patients on chronic dialysis. In fact, only
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three small series have studied such patients at this point in
time (May 2020) [8–10].

Chronic dialysis patients are at increased risk of viral trans-
mission. They interact three times a week with medical trans-
porters, nurses, paramedics, medical workers and other patients
from their dialysis facility. In addition to CKD, they display
frequent associated comorbidities such as hypertension, cardio-
vascular diseases and diabetes. They also have impaired immune
responses. Haemodialysis units have stringent hygiene protocols,
and specific recommendations have been recently published by a
European working group of nephrologists [11]. Thus, the risk of
hand-transmitted disease is reduced by the establishment of
these systematic protective measures. However, the measures
limiting the risk of transmission by air are not similarly con-
trolled. Data on incidence and mortality of COVID-19 and associ-
ated risk factors are limited in dialysis centres.

This multicentre observational cohort study describes the clinical
setting, treatment and clinical outcomes of COVID-19 in patients
with CKD Stage 5D from 11 dialysis centres in two French regions.

MATERIALS AND METHODS
Study design

We conducted an observational cohort multicentre study to de-
scribe COVID-19 in a large French cohort of patients on chronic
haemodialysis. The data included in this study were anony-
mized, approved and registered at the Health Data Portal of
Assistance Publique-Hôpitaux de Marseille under the references
PADS-20-154 and 2020-58. The patients received written infor-
mation about this study and could withdraw consent for the
use of their health data.

Participants

From 5 March to 8 May 2020, we included dialysis patients (hae-
modialysis or peritoneal dialysis) with COVID-19 from 11 dialy-
sis centres.

The inclusion criteria were: diagnosis of COVID-19 by naso-
pharyngeal real-time reverse transcriptase–polymerase chain
reaction (RT-PCR) positive for SARS-CoV-2 and/or a positive
chest computed tomography (CT) scan (presence of bilateral
lesions like ground-glass opacity, crazy paving consolidation or
pleural effusion). The exclusion criteria were age <18 years and
had renal replacement therapy initiated <1 month before. At
the end of the study, patients still hospitalized with a follow-up
inferior to 28 days and not transferred to the ICU were excluded
from the final analysis. All data were collected in the period
prior to ICU admission. Some patients from this study have al-
ready been included in another study published previously [12].

Data source/measurement

Baseline and clinical data. The following patients’ baseline
characteristics were collected from electronic medical records:
age, gender, body mass index (BMI), obesity (BMI>30 kg/m2), lo-
cation at diagnosis and classical comorbidities. Their significant
usual treatments [angiotensin-converting enzyme inhibitor
(ACEI), angiotensin II receptor blockers (ARB), antiplatelet agent,
anticoagulation regimen (vitamin K antagonist or others), im-
munosuppressive therapy] were also collected and verified with
the patients during the initial examination. Initial clinical
symptoms and vital constants at the first day of hospitalization
were collected. After diagnosis of COVID-19 and admission to

the hospital, resuscitation status was established in a multidis-
ciplinary consultation, involving nephrologists and ICU medical
personnel. Non-admission to the ICU criteria were: age
>80 years, institutionalized or advanced neurological disease or
dementia, advanced metastatic neoplasia, chronic respiratory
disease requiring oxygen, liver cirrhosis with Child–Pugh Score
C.

Laboratory and radiological procedures. Blood examinations at
inclusion were: complete blood count, serum albumin, C-reac-
tive protein (CRP), coagulation tests, liver function, lactate dehy-
drogenase (LDH) and myocardial enzymes (Troponine T).

Chest CT scan was performed to evaluate the signs of
COVID-19 pneumonia—ground-glass opacity, crazy paving, con-
solidation and pleural effusion—and to assess the severity of ra-
diological lung involvement.

Treatment of COVID-19 and oxygen therapy. We recorded med-
ications used for treatment of COVID-19: azithromycin and
hydroxychloroquine (AZT/HCQ) combination, interleukin (IL)-1
and/or IL-6 inhibitors, antiretroviral therapy, corticosteroids,
heparin and antibiotics. We also collected data concerning oxy-
gen therapy, namely, oxygen therapy requirement, duration
and maximal flow rate.

Outcomes and objective

The primary aim of this study was to determine risk factors for
critical evolution (first event of a composite outcome including
ICU admission or death) and mortality in patients on chronic di-
alysis with COVID-19. Specifically, we wanted to assess if cur-
rent use of ARBs and the treatment of COVID-19 with AZT/HCQ
were associated with critical evolution. We also aimed to de-
scribe: the weekly incidence of COVID-19 diagnosis during the
outbreak between 5 March and 8 May 2020; the cause of death (
acute respiratory distress syndrome and respiratory failure sec-
ondary to pneumonia), cardiovascular (sudden death, heart fail-
ure, arterial or venous thrombosis, myocarditis), sepsis or other.

Statistical analysis

Continuous and categorical variables were presented as median
[interquartile range (IQR)] and n (%), respectively. We used the
Mann–Whitney U-test, v2 test or Fisher’s exact test to compare
differences between groups when appropriate. All tests were
two-tailed. Multiple logistic regression analysis was used to de-
termine whether each variable was an independent factor for
the composite outcome defined. For this multivariate analysis,
the degree of significance is 60.05. A patient was excluded from
the analysis if data or value were lacking for the variable of in-
terest. Covariates of interest for the multivariate logistic regres-
sion analysis were selected based on a P < 0.2 in a univariate
analysis, and <10% missing data. The Kaplan–Meier method
was used to estimate the cumulative mortality and/or transfer
to ICU depending on group of patients. The log-rank test was
used to compare the Kaplan–Meier curves. All statistical analy-
ses were performed using JMPVR and Graphpad PRISMVR software.

RESULTS

From 5 March to 8 May 2020, 129 chronic dialysis patients were
diagnosed with COVID-19, in a cohort of 2336 patients in 11
French dialysis centres. The global incidence was 5.5% (6.1% in
Marseille and 4.9% in the Champagne region, P¼ 0.14), including
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97.5% of patients on haemodialysis and 2.5% on peritoneal dial-
ysis. Incidences from the different centres in both regions are
shown in the flow chart on Figure 1. Because of unknown out-
comes (currently hospitalized and follow-up <28 days), 7
patients were excluded from the final analysis, so that 122
patients were analysed. Any patients with follow-up <28 days
were still in hospital. COVID-19 diagnosis was established by
RT–PCR for 111 (91%) and by thoracic CT scanning for 11 (9%)
patients. Research for COVID-19 was performed because clinical
symptoms were present in most of the cases, but systematic

screening was also being carried out in some dialysis centres. At
the end of the follow-up, 77 (63%) patients were alive and 45
(37%) patients had been transferred to the ICU or had died (criti-
cal evolution), and at the final timepoint, 38 (31%) had died.

Incidence per week of new COVID-19 cases

The kinetics of the epidemic during the 9 weeks of follow-up is
the same in both regions but with a time lag of 1 week for the
peak (Figure 2).

Baseline characteristics

Baseline characteristics of the 122 COVID-19 patients are pre-
sented in Table 1. Mean age was 73.5 years (IQR ¼ 64.2–81.2), 43
(35%) patients were female. The median dialysis vintage was
3.0 years (IQR ¼ 1.0–5.5). About 97.5% of patients were on hae-
modialysis and 2.5% on peritoneal dialysis. At the time of the
COVID-19 diagnosis, 67% of the patients were at home, 20% in
an institution and 13% were already hospitalized. The most

prevalent comorbidities and the most frequent drugs taken are
listed in Table 1.

Previous transplantation was less frequent in the critical-
evolution group (0% versus 9%; P¼ 0.05). The medical reasons
for end-stage renal disease (ESRD) were different in the two
groups, particularly regarding diabetes nephropathy, which was
more frequent in the critical-evolution group (40% versus 29%;
P¼ 0.03). Concerning comorbidities, atrial fibrillation was more

7 patients excluded for
follow-up > 28 days

122 patients analyzed

Non-critical evolution
77 patients (63.1%)

Critical evolution
45 patients (36.9%)

Start of follow-up (March 5th 2020): 2336 patients

Marseille: 1161 patients
• Conception University Hospital
  (AP–HM and ADPC): 289 patients
• ADPC Provence: 87 patients
• Bouchard Private Hospital, Elsan: 290 patients
• Saint Joseph Dialysis Center, DIAVERUM: 495 patients

Champagne region: 1175 patients
• Maison Blanche University Hospital (REIMS): 165 patients
• ARPDD (REIMS and St DIZIER): 292 patients
• Charleville–Mézières Hospital and ARPDD: 151 patients
• Troyes Hospital and ARPDD: 221 patients
• Verdun Hospital: 147 patients
• Laon Hospital: 92 patients
• Soissons Hospital: 107 patients

End of follow-up (May 8th 2020): 129 COVID-19 patients

Marseille: 71 COVID-19 patients (incidence 6.1%)*
• Conception University Hospital
  (AP–HM and ADPC): 18 patients (6%)
• ADPC Provence: 4 patients (4.6%)
• Bouchard Private Hospital, Elsan: 24 patients (8.3%)
• Saint Joseph Dialysis Center, DIAVERUM: 25 patients (5.1%)

Champagne region: 58 COVID-19 patients (incidence 4.9%)
• Maison Blanche University Hospital: 22 patients (13.3%)
• ARPDD: 11 patients (3.7%)
• Charleville–Mézières Hospital: 3 patients (1.9%)
• Troyes Hospital: 1 patient (0.5%)
• Verdun Hospital: 9 patients (6.1%)
• Laon Hospital: 8 patients (8.7%)
• Soissons Hospital: 4 patients (3.7%)

Marseille

Champagne region

FIGURE 1: Flow chart *P¼0.14, no statistical difference between Marseille and Champagne region for COVID-19 incidence in dialysis patients.

ADPC, Association des dialysés Provence Corse; ARDPP, association régionale de promotion dialyse à domicile.
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frequent in the critical-evolution group (49% versus 25%;
P¼ 0.01). Regarding drugs, use of ARB was less frequent in the
critical-evolution group (9% versus 23%; P¼ 0.05).

Clinical symptoms

The initial symptoms are presented in Table 2. About 8% of
patients were asymptomatic (but were tested because of viral
exposure or systematic screening). Dyspnoea on admission was
more frequent in critical evolution patients than in the non-
critical-evolution group (59% versus 31%; P¼ 0.003).

Forty-five percent of patients required oxygen therapy on
diagnosis, and median flow rate was 2 L/min (IQR ¼ 1–3).
Oxygen therapy on diagnosis was more frequent in the

critical-evolution group (67% versus 32%; P< 0.001), and the
oxygen flow rate was also significantly higher in that group
[3 (IQR ¼ 2–4) versus 2 (IQR ¼ 1–3) L/min; P¼ 0.04].

Laboratory results and radiological characteristics

Laboratory results are detailed in Table 2. Median neutrophil
count, CRP, fibrinogen, D-Dimer and hepatic cytolysis were sig-
nificantly higher in the critical-evolution group. Conversely,
lymphocyte median count was significantly lower in the
critical-evolution group [0.60 G/L (IQR ¼ 0.40–0.86) versus 0.90 G/
L (IQR ¼ 0.61–1.18); P< 0.001]. The baseline radiologic character-
istics are presented in Table 2.

Table 1. Baseline characteristics of patients according to their outcomes: critical evolution (ICU admission or death before 28 days after diagno-
sis) or non-critical evolution

Characteristics All patients (n¼122)
Non-critical evolution

(n¼ 77) Critical evolution (n¼ 45) P-value

Age, median (IQR), years 73.5 (64.2–81.2) 73.0 (61.0–81.5) 74.0 (66.6–84.0) 0.07
Female, n (%) 43 (35) 26 (34) 17 (38) 0.69
BMI, median (IQR), kg/m2 25.3 (22.4–28.8) 25.1 (22.4–28.6) 26.5 (22.2–30.0) 0.56
ESRD vintage, median

(IQR), years
3.0 (1.0–5.5) 2.7 (0.9–5.1) 3.3 (1.4–7.2) 0.23

Haemodialysis, n (%)/peri-
toneal dialysis, n (%)

119 (97.5)/3 (2.5)

Previous transplant, n (%) 7 (6) 7 (9) 0 (0) 0.05
Location at COVID-19 diagnosis, n (%)

At home 82 (67) 51 (66) 31 (69) 0.88
In institution 24 (20) 15 (19) 9 (20)
Hospitalized 16 (13) 11 (14) 5 (11)
Champagne region 67 (55) 44 (66) 23 (34) 0.54
Marseille 55 (45) 33 (60) 22 (40)

Cause of ESRD, n (%)
Diabetes 40 (33) 22 (29) 18 (40) 0.03
Hypertension 31 (26) 18 (23) 13 (29)
Glomerulonephritis 19 (15) 16 (21) 3 (7)
Genetic 5 (4) 1 (1) 4 (9)
Undetermined/other 27(22) 20 (26) 7 (16)

Comorbidities, n (%)
Congestive heart failure
(LVEF<45%)

13 (11) 5 (6) 8 (18) 0.07

Ischaemic heart disease 34 (28) 18 (24) 16 (36) 0.21
Atrial fibrillation 41 (34) 19 (25) 22 (49) 0.01
Hypertension 95 (78) 62 (81) 33 (73) 0.37
Diabetes 64 (52) 37 (48) 27 (60) 0.26
Peripheral vascular
disease

34 (28) 17 (22) 17 (38) 0.09

Current smoker 12 (10) 6 (8) 6 (13) 0.36
Chronic respiratory
disease

14 (11) 9 (13) 5 (11) 0.99

Cancer 32 (26) 21 (27) 11 (24) 0.83
Obesity

(BMI�30 kg/m2), n (%)
25 (20) 34 (35) 11 (24) 0.48

Medication, n (%)
ACEIs 17 (14) 10 (13) 7 (16) 0.78
ARBs 22 (18) 18 (23) 4 (9) 0.05
Antiplatelet agent 65 (53) 39 (51) 26 (58) 0.45
Vitamin K antagonist 26 (21) 14 (18) 12 (27) 0.36

Immunosuppressive
therapy

8 (7) 6 (7) 2 (4) 0.71

Quantitative data are expressed in median (IQR 25–75% quartile).

LVEF, left ventricular ejection fraction.
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Treatment of COVID-19

Drugs administrated to patients to treat COVID-19 prior to
ICU admission are presented in Table 3. The AZT/HCQ combi-
nation was administered in 46% of the cases, antiretroviral
therapy in 20%, IL-1 and/or IL-6 inhibitors in 3%, preventive
heparin in 45%, curative heparin in 13% and antibiotics in
90%, (cephalosporin in 81%, quinolone in 28% and macrolide
in 57% of patients). The administration of curative heparin
was significantly more frequent in the critical-evolution
group (29% versus 4%; P< 0.0001), as was the administration
of antibiotics (98% versus 86%; P¼ 0.03).

Clinical outcomes

Clinical outcomes are presented in Table 3. Patients were hospital-
ized in 81% of cases. On admission, after diagnosis of COVID-19, re-
suscitation status was ‘do not resuscitate’ in 54% of cases. Seventy-
five percent of patients required oxygen therapy at one time during
the disease, with a median maximal flow rate of 4L/min (IQR 3–15).
Median length of hospital stays was 11days (IQR ¼ 7–14). Sixteen
percent were transferred to ICU (with 42% mortality). In total, 28% of
patients died; 7% of this 28% died after transfer to ICU. Four patients
(21% of patients in ICU) remained in ICU with a follow-up superior to
28days. The median time between onset of symptoms and critical

Table 2. Clinical and paraclinical characteristics of patients according to their outcomes: critical evolution (ICU admission or death before
28 days after diagnosis) or non-critical evolution

Characteristics All patients (n¼ 122)
Non-critical evolution

(n¼ 77) Critical evolution (n¼ 45) P-value

Initial symptoms
No, n (%) 10 (8) 9 (12) 1 (2) 0.09
Yes, n (%) 112 (92) 68 (88) 44 (98)
Flu-like symptoms, n (% of symptomatic) 34 (30) 23 (34) 11 (25) 0.33
Fever, n (% of symptomatic) 81 (72) 53 (78) 28 (64) 0.10
Cough, n (% of symptomatic) 77 (69) 49 (72) 28 (64) 0.35
Dyspnoea, n (% of symptomatic) 47 (42) 21(31) 26 (59) 0.003
Digestive, n (% of symptomatic) 21 (19) 14 (21) 7 (16) 0.54
Anosmia and/or ageusia, n (% of symptomatic) 5 (4) 4 (6) 1 (2) 0.37
SBP, median of symptomatic (IQR), mmHg 129 (111–190) 130 (113–144) 134 (106–141) 0.42
SBP, median of symptomatic (IQR), mmHg 68 (60–79) 70 (60–78) 63 (57–79) 0.13
Temperature, median of symptomatic (IQR), �C 37.6 (36.8–38.3) 37.7 (36.6–38.3) 37.7 (36.8–38.5) 0.90
Heart rate, median of symptomatic (IQR), b.p.m. 78 (70–90) 76 (65–88) 83 (72–94) 0.05
Respiratory rate, median of symptomatic (IQR), c.p.m. 21 (16–25) 20 (16–25) 20 (16–26) 0.67
Oxygen therapy on diagnosis, n (% of all patients) 55 (45) 25 (32) 30 (67) <0.001
Oxygen flow rate on diagnosis, median (IQR), L/min 2 (1–4) 2 (1–3) 3 (2–4) 0.04

Laboratory variable on admission, median (IQR)
Haemoglobin, g/dL 10.7 (9.7–11.6) 10.8 (9.8–11.8) 10.3 (9.3–11.6) 0.23
Platelets, G/L 166 (124–226) 166 (123–228) 167 (129–220) 0.60
Leucocytes, G/L 4.9 (3.7–7.3) 4.6 (3.7–6.4) 5.9 (4.1–8.7) 0.10
Neutrophils, G/L 3.6 (2.6–5.5) 3.2 (2.5–4.7) 4.7 (3.0–7.2) 0.03
Lymphocytes, G/L 0.78 (0.46–1.09) 0.90 (0.61–1.18) 0.60 (0.40–0.86) <0.001
Eosinophil, G/L 0.03 (0.00–0.10) 0.04 (0.00–0.11) 0.01 (0.00–0.10) 0.30
Monocytes, G/L 0.42 (0.29–0.70) 0.40 (0.25–0.60) 0.50 (0.30–0.80) 0.09
CRP, mg/L 47.5 (15.6–95.1) 25.4 (11.6–75.0) 68.5 (32.1–132.0) 0.006
Albumin, g/L 34.5 (30.0–37.5) 35.0 (31.0–38.6) 32.4 (29.9–37.0) 0.19
LDH, UI/L 282 (217–394) 252 (211–388) 305 (265–421) 0.42
Ferritin, mg/L 771 (469–1609) 754 (446–1514) 958 (527–1937) 0.48
Fibrinogen, g/L 5.1 (4.4–6.7) 4.8 (4.2–5.7) 5.9 (4.8–7.3) 0.02
D-Dimer, mg/mL 1.43 (0.81–2.76) 1.06 (0.66–1.63) 2.32 (1.26–3.77) 0.02
Troponins T, ng/mL 108 (61–192) 92 (52–142) 140 (98–307) 0.43
Hepatic cytolysis, n (%) 29 (25) 13 (18) 16 (38) 0.02
PCR SARS-CoV-2 positive, n (%) 113 (93) 72 (94) 41 (91) 0.46

Chest CT scan on admission
Chest CT scan realized, n (%) 89 (73) 53 (69) 36 (80) 0.21
Pathological, n (% of CT scan) 71 (80) 42 (79) 29 (81) 0.99
Ground-glass opacity, n (% of CT scan) 65 (92) 39 (74) 26 (72) 0.99
Crazy paving, n (% of CT scan) 12 (18) 7 (13) 5 (14) 0.75
Consolidation, n (% of CT scan) 29 (41) 13 (26) 16 (44) 0.02
Pleural effusion, n (% of CT scan) 10 (14) 2 (4) 8 (22) 0.005
Lesions extension degree <50%, n (% of CT scan) 53 (61) 32 (60) 21 (59) 0.84
Lesions extension degree >50%, n (% of CT scan) 15 (17) 8 (15) 7 (19)
Lesions extension degree not precise, n (% of CT scan) 3 (4) 2 (4) 1 (3)

Quantitative data are expressed in median (IQR 25–75% quartile).

SBP, systolic blood pressure; G, giga.
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evolution was 7days (IQR ¼ 4–11). Figure 3 shows oxygen therapy
was required for 75% of patients (61% for the non-critical evolution
group and 98% for the critical evolution group, P< 0.0001).

Figure 4 shows the cause of death: respiratory for 65% of
non-survival patients, cardiovascular for 20%, sepsis for 9% and
other for 6%.

Occurrence of the composite outcome and death according
to severity of disease parameters and treatment

Two models of multivariate analysis were presented in Table 4
(critical evolution) and Table 5 (mortality). The need for oxygen

therapy on diagnosis was independently associated with the com-
posite outcome critical evolution [odds ratio (OR) estimate ¼ 3.28,
95% confidence interval (CI) 1.396–7.97; P¼ 0.007]. Figure 5A shows
the survival curve comparing the group of patients without oxygen
therapy on diagnosis (67 patients, 55%) and the group of patients
with oxygen therapy on diagnosis (55 patients, 45%). Low lympho-
cyte count on admission was also associated with the composite
outcome critical evolution (OR ¼ 0.186, 95% CI 0.057–0.530;
P¼ 0.003). Figure 5B shows the survival curve comparing three
groups of patients determined by tertiles of lymphocyte count.
Elevated CRP was associated with critical outcome (OR ¼ 1.006, 95%
CI 1.001–1.013; P¼ 0.002). Oxygen therapy on diagnosis and lympho-
cyte count were also associated with mortality, with OR ¼ 5.386
(95% CI 2.057–15.35), P< 0.001 and OR¼ 0.195 (95% CI 0.049–0.625),
P¼ 0.01, respectively. Among the non-critical-evolution group, five
patients needed oxygen therapy >6 L/min during hospitalization,
revealing serious respiratory failure, but they were not transferred
to ICU and they were not dead at the end of the 28 days follow-up.
The combination AZT/HCQ was not associated in univariate and in
multivariate analyses with critical evolution or death (Tables 3 and
4, Model 2, Table 5, Model 2; Supplementary data, Figure S2). In the
subgroup of patients not requiring oxygen therapy on diagnosis (67
patients), the combination AZT/HCQ was not associated with criti-
cal evolution (Supplementary Figure S3).

Occurrence of the composite outcome and death
according to treatments demographic and pre-existant
factors

In our multivariable analysis models, peripheral vascular dis-
ease is positively associated with mortality (OR ¼ 2.905, 95% CI
1.088–7.928; P¼ 0.03). Moreover, chronic use of ARBs was signifi-
cantly associated with a protective effect against mortality (OR
¼ 0.093, 95% CI 0.005–0.540; P¼ 0.03) (Table 5, Model 1). We did
not found association with the composite critical evolution

Table 3. Therapeutics and outcomes

Characteristics All patients (n¼ 122) Non-critical evolution (n¼ 77) Critical evolution (n¼ 45) P-value

Therapeutics used before ICU, n (%)
AZT/HCQ combination, n (%) 56 (46) 39 (51) 17 (38) 0.17
IL-1 and/or IL-6 inhibitors, n (%) 4 (3) 1 (1) 3 (7) 0.11
Antiretroviral therapy (next generation), n (%) 25 (20) 17 (22) 8 (18) 0.57
Corticoid, n (%) 31 (25) 17 (22) 14 (31) 0.29
Preventive heparin, n (%) 55 (45) 35 (45) 20 (44) 0.91
Curative heparin, n (%) 16 (13) 3 (4) 13 (29) <0.0001
Antibiotics, n (%) 110 (90) 66 (86) 44 (98) 0.03
Cephalosporin, n (%) 99 (81) 60 (78) 39 (87) 0.33
Quinolone, n (%) 34 (28) 21 (27) 13 (29) 0.84
Macrolide, n (%) 69 (57) 45 (58) 24 (53) 0.7

Clinical outcomes
Hospitalization, n (%) 99 (81) 62 (81) 37 (82) 0.6
Ambulatory, n (%) 23 (19) 15 (21) 8 (18)
Do not resuscitate, n (%) 66 (54) 40 (52) 26 (58) 0.43
Oxygen therapy, n (%) 91 (75) 47 (61) 44 (98) <0.0001
Oxygen therapy maximal flow rate, L/min 4 (3–15) 3 (2–4) 12 (4–15) <0.0001
Hospitalization duration, median (IQR), days 11 (7–14) 14 (10–17) 5 (4–11) –
Transfer to ICU, n (%) 19 (16) – – –
Death, n (%) 34 (28) – – –
Transfer to ICU or death, n (%) 45 (37) – – –

Time between first symptoms or hospitalization and
ICU admission or death, median (IQR) days

7 (4–11)

Quantitative data are expressed in median (IQR 25–75% quartile).
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outcomes (OR ¼ 0.342, 95% CI 0.085–1.110; P¼ 0.08) (Table 4,
Model 1). Supplementary data, Table S1 compares variables of
interest between groups of patients with or without ARBs in
their usual medication. Patients with ARBs were younger (67
versus 74 years; P¼ 0.02) and had less atrial fibrillation (25% ver-
sus 49%; P¼ 0.01). Figure 6 shows the survival curve comparing
critical evolution (Figure 5A) and mortality (Figure 5B) of
patients with ARBs and patients without. In the subgroup of
patients requiring oxygen on diagnosis (55 patients), chronic
use of ARBs was significantly associated with a protective effect

against the composite critical evolution outcomes (OR estimate
¼ 0.088, 95% CI 0.004–0.580; P¼ 0.03) (Supplementary data, Table
S2 and Figure S1).

DISCUSSION

The COVID-19 pandemic has had enormous consequences for
ESRD patients. Of the 2336 patients on chronic haemodialysis in
our units, we studied 129 who had fallen ill with COVID-19 between
5 March and 8 May 2020, corresponding to an incidence of 5.5%.
The hospitalization rate was 81%, those who stayed home came

three times a week to specially designated dialysis units. Both the
incidence and hospitalization rates are higher than in the general
population (incidence estimate around 4.4%, with 3.6% hospitaliza-
tion to date) [13]. Our multicentre study composed of ESRD patients
from two opposite regions of France: the Champagne region in the
North East and Marseille in the South showed no difference in the
incidence of COVID-19, whereas in the general population of
France, the incidence is higher in the ‘Grand Est’ region compared
with the Southern region [13]. However, as in the general popula-
tion, the first cases of COVID-19 in ESRD patients appeared in the
Grand Est region. We also observed a heterogeneity between the
different units in the same region, which could be explained by
clusters of disease in some dialysis units. Nevertheless, these data
should be interpreted with caution because screening strategies for
the disease could influence the incidence rate of COVID-19. For ex-
ample, in the Marseille region, only the Bouchard private hospital
performed systematic screening of all haemodialysis patients in
their centre. Five patients were diagnosed there although they had
no symptoms, explaining Bouchard’s higher incidence rate (8.3%).

Our global incidences are lower compared with the first pub-
lished haemodialysed patient cohorts from Brescia, Italy (15%)
[8] and Madrid, Spain (13%) [10], but higher compared with the
cohort from Wuhan, China (2.5%) [9]. More recently, new
cohorts from Italy [14] and Spain [15] report similar results, with
higher incidences (26 and 24%, respectively) compared with the
second published cohort from Wuhan, China (3.5%, despite a
large screening of asymptomatic by chest CT) [16]. Canadian
[17] and Turkish [18] cohorts reported incidences of 4.6 and
1.1%, respectively.

Among the 122 cases at the end of the 28 follow-up days, 77
(63%) were alive, and 16% were transferred to ICU (with 42%
mortality). In total 28% of patients died, but only 7% of the 28%
died after transfer to ICU. A total of 45 (37%) had a critical evolu-
tion outcome (ICU admission or death before 28 days after diag-
nosis). The mortality rate in our study, while very much higher
than that observed in the general population [4], is comparable
to cohorts from Wuhan (31%) [9], Brescia (28%) [8] and Madrid
(30%) [10]. The recently published cohorts reported a mortality
of 43% in China [16], 25% in Italy [14] and 10% in Spain [15], and
no deaths have been reported from Canada [17] and Turkish [18]
cohorts. The small numbers of COVID-19 cases in these studies
may explain this heterogeneity concerning mortality. A
strength of our study is that all patients still alive were

Causes of death

Respiratory
65%

Cardiovascular
20%

Sepsis
9%

Other
6%

FIGURE 4: Cause of death.

Table 4. Multivariate linear regression analysis to evaluate the rela-
tion between severity of disease parameters and treatment and criti-
cal evolution outcomes (45 events)

Variable OR estimate (95% CI) P-value

Model 1
Age 1.002 (0.965–1.043) 0.90
Oxygen therapy on diagnosis 3.281 (1.396–7.97) 0.007
Lymphocytes 0.186 (0.057–0.530) 0.003
CRP 1.006 (1.001–1.013) 0.02
AZT/HCQ combination 0.475 (0.188–1.116) 0.11

Model 2
Age 1.012 (0.980–1.048) 0.46
Congestive heart failure (LVEF<45%) 1.665 (0.452–6.481) 0.44
Atrial fibrillation 1.838 (0.751–4.481) 0.13
Peripheral vascular disease 2.192 (0.884–5.554) 0.15
ARBs (current medication) 0.342 (0.085–1.110) 0.08

LVEF, left ventricular ejection fraction.

Table 5. Multivariate linear regression analysis to evaluate the rela-
tion between severity of disease parameters and treatment and mor-
tality (34 events)

Variable OR estimate 95%CI P–value

Model 1
Age 1.043 (0-997–1.097) 0.08
Oxygen therapy on diagnosis 5.386 (2.057–15.35) <0.001
Lymphocytes 0.195 (0.049–0.625) 0.01
CRP 1.005 (1.001–1.012) 0.07
AZT/HCQ combination 0.578 (0.208–1.536) 0.28

Model 2
Age 1.041 (1.001–1.089) 0.07
Congestive heart failure (LVEF< 45%) 1.222 (0.309–4.649) 0.77
Atrial fibrillation 1.406 (0.519–3.707) 0.49
Peripheral vascular disease 2.905 (1.088–7.928) 0.03
ARBs (current medication) 0.093 (0.005–0.540) 0.03

LVEF, left ventricular ejection fraction.
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discharged or had 28 days of follow-up, compared with continu-
ing hospitalization of some patients from the other cohorts.

In the general population, a meta-analysis has already iden-
tified many clinical and biological factors associated with severe
forms of the COVID-19 [5]. In our study, two variables have inde-
pendent and robust prediction for the occurrence of the event
‘critical evolution’ and for global mortality. First, the necessity
of oxygen therapy on diagnosis was 2-fold more frequent in
what became the critical-evolution group (67%) than in the non-
critical-evolution group (32%), and the multivariate analysis
confirmed this independent association. To our knowledge, it is
the first study to demonstrate this association in ESRD Stage 5D
patients, oxygen therapy needed at admission appears to be
more significant than other respiratory disorder signals such as
dyspnoea. Secondly, the decrease in the lymphocyte count. In
fact, median lymphocyte count was 0.3-fold lower in the

critical-evolution group (0.6 G/L) than in the non-critical-
evolution group (0.9 G/L), and the multivariate analysis also con-
firmed this independent association. Lymphopaenia has al-
ready been shown to be associated with severe disease during
COVID-19 infection in dialysis patients [10] and in the general
population [19]. In our study, lymphocyte count appears to be a
better predictive marker for poor outcomes compared with
other classical markers such as CRP [8] or LDH [10]. On the other
hand, this effect was not found in a subgroup analysis of
patients with severe initial symptoms (requiring oxygen ther-
apy on admission). We did not find independent associations
between the composite outcome ‘critical evolution’ or mortality
and risk factors previously identified in the general population,
such as age, obesity, diabetes and cardiovascular disease.
However, since the number of cases in our cohort is relatively
small, and since most of dialysis patients are old and have high
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rate of comorbidity, our study may not have enough power to
identify these variables as risk factors.

We were interested in studying the treatment of COVID-19
using the AZT/HCQ combination. This treatment was largely
used by the Marseille team of nephrologists [20]. In our cohort,
46% of patients received this treatment (86% in Marseille). There
was no difference in the univariate analysis (51% of treatment
in the non-critical-evolution group versus 38% in the critical-
evolution group; P¼ 0.17). Survival curves and multivariate
analyses showed no statistical association. Since Gautret et al.
argue that efficacy of this combination therapy depends on its
early initiation [20], we studied the effect of this treatment in a
subgroup of patients not requiring oxygen therapy on diagnosis,
but we still did not find any association with a clinical benefit.
This result suggests that a prospective study to test the effec-
tiveness of AZT/HCQ treatment is necessary. The administra-
tion of other treatments such as corticoids, antiretroviral
therapy and preventive heparin had no effect on either group.
Antibiotics were largely administered (90% of all patients) to
prevent bacterial infection. The more frequent need for treat-
ments such as curative heparin in the critical-evolution group
probably reflects a higher level of pro-inflammatory and pro-
coagulant markers (neutrophil, CRP and fibrinogen), which are
significantly more elevated within this category of patients.

We studied the potential effect of the use of ARBs as current
medication on the composite outcomes of critical evolution and
mortality. Multivariable analysis showed a trend for a protective ef-
fect on the composite outcome, and a protective effect on global
mortality (1% in group with ARBs versus 33% for the group without
ARBs). In a subgroup of patients requiring oxygen therapy on diag-
nosis (excluding asymptomatic patients), we found a protective ef-
fect of chronic ARBs on global mortality, but not on composite
outcome, probably due to a lack of power. Our results must be
interpreted with caution due to the observational design of our
work, and ARBs usual prescription seems to concern younger
patients with less atrial fibrillation. Recent studies showed that
prior use of ARBs was not associated with COVID-19 diagnosis or
with the severity of the disease [21–23]. The protective association
in our study is in line with results observed in other studies in non-
dialysis patients [24, 25]. SARS-CoV-2 enters host cells through
binding of the S protein virus to the ACE2 [26]. ACE2 receptor has
proinflammatory properties [27]. Pharmacological intervention in
this pathway, like the use of recombinant ACE2 [27, 28] or ARBs [27,
29], could improve the outcomes of patients with COVID-19 [28],
particularly in those who are critically ill [30]. Several randomized
controlled trials are in progress to evaluate ACEIs and ARBs for
treatment of COVID-19 [23, 27]. ESRD patients, who experience fre-
quent hypertension, cardiovascular disease and inflammatory dis-
orders, might be good candidates for the beneficial albeit
hypothetical protective effect of ARBs in COVID-19.

To conclude, COVID-19 disease in patients on chronic hae-
modialysis seems to be more frequent than in the general popu-
lation. It is a severe disease with poor prognosis in patients with
ESRD with high rate of mortality (28%). The requirement for ox-
ygen therapy on diagnosis and lymphopaenia are critical prog-
nosis factors for poor outcomes. Usual treatment with ARBs
seems to be protective and therefore should be continued in
patients under this medication. There is no evidence of clinical
benefit with the combination of AZT/HCQ.

SUPPLEMENTARY DATA

Supplementary data are available at ckj online.
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