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Abstract
Background The recent SARS-CoV-2 coronavirus pandemic has signified a significant effect on the health of the
population worldwide. Patients on chronic RRT have been affected by the virus, and they are at higher risk due to
the frequent comorbid conditions. Here, we show the results of the COVID-19 Registry of the Spanish Society of
Nephrology during the first 6 weeks of the outbreak.

Methods This study is an analysis of the data recorded on a registry of patients with ESKD on RRT who tested
positive for COVID-19. The aim was to evaluate clinical conditions, therapeutic management, and consequences,
including outcome. The registry began on March 18th, 2020. It includes epidemiologic data, cause of CKD, signs
and symptoms of the infection, treatments, and outcomes. Patients were diagnosedwith SARS-CoV-2 infection on
the basis of the results of PCR of the virus obtained from nasopharyngeal/oropharyngeal swabs. The tests were
performed on symptomatic patients and on those who mentioned contact with infected patients.

Results As of May 2, the registry included data on 1397 patients (in-center hemodialysis [IC-HD], 63%; kidney
transplant [Tx], 34%; peritoneal dialysis [PD], 3%; and home hemodialysis, 0.3%). Themean agewas 67615 years,
and two-thirds were men. Dialysis vintage was 46641 months, and the time after transplantation was 59654
months. Eighty-five percent of the patients required hospital admission, and 8% had to be transferred to intensive
care units. Overall mortality was 25% (IC-HD, 27%; Tx, 23%; and PD, 15%), and significant proportions of
deceased patients have advanced age, are on IC-HD, and presented pneumonia. Age and pneumonia were
independently associated with the risk of death.

Conclusions SARS-CoV-2 infection affected a significant number of Spanish patients on RRT, mainly those on IC-
HD. Hospitalization rates and mortality were high. The factors more closely related to mortality were age and
pneumonia.
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Introduction
The new coronavirus, severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), causes several
clinical conditions under the term coronavirus disease
2019 (COVID-19) that vary from common cold symp-
toms to severe pneumonia, respiratory distress syndrome,
septic shock, and multiorgan failure. Interestingly,
most of the COVID-19 cases reported so far start with
mild symptoms (1).

Certain groups of patients (i.e., the elderly and those
with chronic obstructive pulmonary disease) are at
higher risk of COVID-19 infection and its complica-
tions. Patients on RRT are of special concern (2).

During the first days of the COVID-19 outbreak, the
Spanish Society of Nephrology (SEN), together with
health authorities and associations of patients with
CKD (Association for the Fight Against Kidney
Diseases), established an action plan with specific

strategies to obtain all possible information from patients
on RRT with this new and serious disease (3). One of
the first commitments was to create a Spanish registry
of patients on chronic RRT, referred as the “SEN Registry
of COVID-19.”
In this study, we describe some of the factors influ-

encing the clinical condition, the therapeutic manage-
ment, and the consequences of COVID-19 infection on
patients on RRT (those on dialysis and transplant [Tx]
recipients) in Spain during the first 6 weeks of the
outbreak.

Material and Methods
The data collection of the COVID-19 registry began

on March 18, 2020. The following variables were in-
cluded: epidemiologic, modalities of RRT (in-center
hemodialysis [IC-HD], peritoneal dialysis [PD], home
hemodialysis [HHD], and Tx), infection data, comorbid
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conditions, accompanying symptoms, treatments, and out-
comes. The registry was approved by the Regional Ethical
Committee of Asturias.
The COVID-19 registry has an “online” structure with

access through awebsite (www.senefro.org). Onlymembers
of the society have access to the website to enter the data
from their patients. After identification, they may access to
information of their own patients. The majority of dialysis
and Tx centers in Spain (93%) entered patients in the reg-
istry. A coordinator of the registry was designated and
granted full access to all of the database information.
Patients were diagnosed with SARS-CoV-2 infection on
the basis of the results of a real-time PCR test from naso-
pharyngeal/oropharyngeal swabs. These tests were per-
formed in symptomatic patients and in those who had
any contact with an infected patient. The registry will re-
main operational as long as the current coronavirus pan-
demic situation continues. Thus, the results presented are
from the data recorded up to May 2, 2020.
Continuous variables were expressed as mean 6 SD, and

categorical variables were expressed as percentages. Base-
line values were compared using the t test and the chi-
squared test as appropriate. The Kolmogorov–Smirnov test
was used to determine whether the values were normally
distributed. Linear or logistic regression models were used
to know the factors associated with mortality. A P value of
0.05 was considered significant. The statistical package SPSS
20 forWindows (SPSS Inc., Chicago, IL) was used to analyze
the results.

Results
Data from 1397 patients with documented SARS-CoV-2

coronavirus infection were included in the registry. All
regions of Spain reported cases (Supplemental Table 1).
The mean age of patients was 67615 years, and two-
thirds were men. Causes of CKDwere diabetic nephropathy
in 22%, ischemic/hypertensive nephropathy in 19%, and
glomerular disease in 17%. The type of RRT was IC-HD in
875 (63%), Tx in 470 (34%), PD in 48 (3%), and HHD in four
(0.3%). Mean time on dialysis was 46641 months. In accor-
dance with these data and considering all patients on RRT in
Spain (4), it can be stated that 4.5% of the total population on
IC-HD was infected compared with 1.8% of the patients on
PD and 1.6% of Tx recipients. In patients with Tx, the most
common immunosuppressive treatment was a combination
of steroids, tacrolimus, and mycophenolate, followed by
tacrolimus and mycophenolate, and the mean time on Tx
was 59 months (interquartile range, 9–132). Unfortunately,
there was no information collected about the donation, but it
should be pointed out that in Spain, .90% of Tx are from
deceased donors.
Every patient who presented with COVID-19 infection

was investigated for prior contacts. Three of ten reported
contact with an infected individual. This represents 297
(34%) patients on IC-HD, 11 (24%) patients on PD, and
103 (22%) patients with Tx. Only four patients were on
HHD. The mean incubation period was 764 days.
In relation to clinical manifestations, 1048 (75%) patients

had fever, 1046 (75%) patients had pneumonia, 838 (60%)
patients had upper respiratory tract infection, and 699 (50%)
patients had dyspnea. Interestingly, only 182 (13%) patients

were asymptomatic, and lymphopenia was present in 1118
(80%) patients.
A high percentage of registered patients (85%) required

hospital admission, 112 (8%) had to be admitted to intensive
care units, and mechanical ventilation was required in
two-thirds of these patients. The mean length of hospital
stay (taking into account only recovered patients) was
1064 days.
The most commonly prescribed treatments (Table 1) were

hydroxychloroquine and lopinavir–ritonavir. Other thera-
pies, such as steroids, IFN, and tocilizumab, were used less
frequently.
Clinical characteristics were different in patients on di-

alysis (IC-HD, HHD, and PD) versus patients with Tx
(Table 2). Patients with Tx were younger, had more prior
hospital admissions, developed pneumonia, and received
specific treatments (lopinavir–ritonavir, hydroxychloro-
quine, steroids, and tocilizumab) more frequently than
patients on dialysis. Also, we found that most of them
were receiving renin-angiotensin-aldosterone system (RAAS)
inhibitors.
To date, 352 patients (25% of the registered patients) have

died; the characteristics of these patients are disclosed in
Table 3. Compared with patients who recovered, the de-
ceased were older, more were diabetic, most of them were
on IC-HD, they presented pneumonia, and they more fre-
quently received lopinavir–ritonavir and steroids. However,
only a few of themwere on RAAS inhibitors. The remaining
440 patients are on follow-up.
Finally, the number of deaths was lower in patients with

Tx than in patients on dialysis. This finding was related to
several factors: in patients with Tx, age and the presence of
pneumonia were independently associated with mortality,
and it was observed that there was a beneficial effect of the
prior use of angiotensin II receptor blockers (ARBs) (Table 4).
Similar data were observed in patients on dialysis: age and
pneumonia were factors associated with mortality, and we
observed an apparent beneficial effect of hydroxychloro-
quine treatment and the use of PD as dialysis modality
(Table 4). Clinical recovery was observed in 605 (43%)
patients; the mean elapsed time to recovery was 1265 days.
The remaining 32% continued in a situation of active
infection.

Discussion
The analysis of data collected during the first 6 weeks of

the SEN Registry of COVID-19 showed that the SARS-CoV-
2 infection affects a significant number of Spanish patients
on RRT, mainly those on IC-HD. The number of hospital

Table 1. Pharmacologic therapies targeting coronavirus
disease 2019

Drug Percentage

Hydroxychloroquine 85
Lopinavir–ritonavir 39
Steroids 35
Tocilizumab 10
IFN 5
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admissions and mortality rate were very high. In general,
age and the presence of pneumonia were risk factors asso-
ciated with mortality. Interestingly, in patients with Tx, the
use of ARBs was associated with a lower mortality; in
patients on dialysis, the use of hydroxychloroquine as well
as being on PD (instead of IC-HD) was also associated with
lower mortality.
According to the 2018 Spanish Registry of Renal Patients

on RRT (4), 55% are kidney Tx recipients, 40% are on IC-HD,
and 5% are on PD. Only a small percentage is on HHD. The
mean age is 67611 years; two-thirds are men, and diabetes
is the most frequent cause of kidney disease (16%). The mean

age of patients on RRT infected with SARS-CoV-2 was similar
to the rest of the patients infected in Spain (4). Also, in both
cohorts, the infectionmore frequently affects men thanwomen
(4). Even thoughmore than half of the Spanish patients on RRT
are transplanted, SARS-CoV-2 infection was more frequent in
patients on IC-HD. Thisfinding could be related to the fact that
patients on IC-HD have to move to the dialysis facilities (by
public transportation or ambulances) coupledwith the fact that
some of them live in nursing homes, conditions that increase
the risk of infections. Surprisingly, patients with Tx were only
one-third of infected patients, despite being, potentially, at
higher risk due to immunosuppression. Finally, patients on

Table 2. Dialysis (including in-center hemodialysis, home hemodialysis, and peritoneal dialysis) versus transplant populations

Variable Dialysis In-Center
Hemodialysis

Peritoneal
Dialysis Transplant

N 927 875 48 470
Age,a yr 6 SD 70616 71616 68614 60613
Men, % 64.9 64.1 72.5 63.6
Admitted,a % 76.8 75.1 94.0 92.9
Admitted to ICU,a % 6.0 6.1 0 14.9
Treatment, %
Lopinavir–ritonavir 40.1 39.6 41.6 37.5
Hydroxychloroquinea 81.1 78.1 92.2 90.8
Pulses of steroidsa 25.1 25.4 24.4 52.4
IFN 4.3 3.5 12.2 4.8
Tocilizumaba 5.6 5.2 13.9 17.4

Previous treatment, %
ACEI 12.1 10.6 19.6 14.8
ARBa 17.9 15.9 45.1 26.7
Botha 29.0 25.6 62.7 39.5

Days of admission, d 6 SD 1269 13610 1269 1369
Recovered,a % 38.6 37.2 54.7 52.6
Time to recover,a d 6 SD 1868 2069 1669 1568
Still ill,a % 35.1 35.5 29.6 24.4
Death,b % 26.3 27.3 15.7 23.0

ICU, intensive care unit; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker.
aP,0.001.
bP50.004.

Table 3. Characteristics of patients who have either recovered or died (N5957), according to outcome

Outcome Recovered, N5605 Deceased, N5352 P Value

Age, yr 63616 74612 ,0.001
Men, % 66.4 63.8 NS
Diabetes, % yes 21.9 31.8 0.003
RRT modality, % 0.005
IC-HD 54.5 66.7
PD 4.3 2.0
Transplant 40.8 30.7

Developed pneumonia, % 66.1 90.4 ,0.001
Acute treatment, %
Hydroxychloroquine 88.1 84.4 NS
Lopinavir–ritonavir 36.9 48.7 ,0.001
Steroids 32.8 42.2 0.004

Previous treatment, %
ACEI 12.6 13.6 NS
ARB 24.7 14.8 ,0.001
Both 35.8 26.7 0.002

NS, not significant; IC-HD, in-center hemodialysis; PD, peritoneal dialysis; ACEI, angiotensin-converting enzyme inhibitor; ARB,
angiotensin II receptor blocker.
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PD and those on HHD had very low rates of infection (but it
should be noted that they represent a low percentage of total
patients on RRT in Spain).
In relation to clinical manifestations, these are similar to

those reported in the general population of patients infected
(1). In a cohort of Chinese patients, the most frequent
manifestations were fever and upper respiratory tract in-
fection. One-quarter of our patients also reported gastroin-
testinal symptoms, a proportion that is higher than that
observed in the general population (1). Other registries
referred a higher rate of these digestive symptoms (5).
One explanation for these differences could be related to
screeningmethods or diagnostic procedures of the infection.
In our patients, the rate of hospital admissions was very

high compared with infected patients of the general pop-
ulation (6), although that paper describes the United States
population. It should be taken into consideration that
patients on RRT are older and have more comorbidities,
resulting in a more fragile condition. A recent meta-analysis
disclosed that CKD was a risk factor for developing a more
severe SARS-CoV-2 infection (7). One of the possible explan-
ations is that uremic milieu affects lymphocytic function (8).
Hospital admissions were more frequent in patients with Tx
than patients on dialysis, and the former also had more
admissions to the intensive care unit. It could be that that
immunosuppression plays a role (9).
The mortality rate was high. Patients on dialysis have

a higher risk of death compared with patients with Tx,
probably due to older age and more comorbidities (a vari-
able that was not recorded). Age and the presence of pneu-
monia were independent risk factors associated with death.
In patients on dialysis, hydroxychloroquine was associated
with a lower rate of death; however, the significance of this
association requires further evaluation in a large number of
patients. Presently, there is controversy about the potential
benefits of hydroxychloroquine administration. A recent
French study found some benefit from the use of hydroxy-
chloroquine (10); by contrast, another study from China did
not find a beneficial effect (11). In our study, the effect of
hydroxychloroquine was observed in patients on dialysis
but not in patients with Tx. Nevertheless, our registry shows
that hydroxychloroquine and other drugs commonly used

in SARS-CoV-2 infection are more frequently prescribed in
patients with Tx than in patients on dialysis.
This study is the first showing that patients on PD are at

lower risk of SARS-CoV-2 infection than patients on IC-HD;
this analysis was adjusted by age and diabetes but not by
comorbidity, which may have affected the result. An anal-
ysis of the situation of PD patients has been previously
published (12).
The benefit of RAAS inhibitors is also controversial.

Some publications warned about the possibility that the
use of these drugs may increase the risk of infection by
SARS-CoV-2 (13). A recent meta-analysis suggests a bene-
ficial effect of ARBs on the severity of SARS-CoV-2 pneu-
monia in elderly patients (Liu Y, Huang F, Xu J, Yang P,
Qin Y, CaoM,Wang Z, Li X, Zhang S, Ye L, Lv J,Wei J, Xie T,
Gao H, Xu K-F, Wang F, Liu L, Jiang C: Anti-hypertensive
angiotensin II receptor blockers associated to mitigation
of disease severity in elderly COVID-19 patients. https://
doi.org/10.1101/2020.03.20.20039586, 2020). Presently, health
authorities recommend to continue the administration of the
drugs that these patients were receiving as their regular
treatment (14).
This study has some limitations. It is possible that the

registry did not include the total number of patients infected
by SARS-CoV-2 undergoing RRT in Spain. The registry is
made up of the voluntary contributions of doctors, and we
are certain that most patients have been registered. It is
possible that some patients on home techniques (PD, HHD,
or Tx) have had the disease without symptoms, and di-
agnostic tests were not performed. It must be said that the
pandemic continues to evolve (both in Spain and globally),
and it is necessary to maintain the collection of information
in order to obtain more solid conclusions.
To date and after 6 weeks of data collection in this

registry, 43% of patients have recovered, and 31% continue
to show active infections. During the coming weeks, there
will be information available about the outcome of all
patients; this will provide additional knowledge on the
effects of SARS-CoV-2 in patients on RRT.
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Table 4. Factors associated with mortality: Patients with transplants and patients on dialysis

Variable
Univariate Analysis Multivariate Analysis

Odds Ratio (95%Confidence Interval) P Value Odds Ratio (95%Confidence Interval) P Value

Patients with transplants
Age 1.12 (1.09 to 1.15) ,0.001 1.12 (1.08 to 1.15) ,0.001
Diabetes mellitus 2.68 (1.40 to 5.16) 0.003 1.58 (0.71 to 3.53) 0.26
Gastrointestinal symptoms 0.42 (0.25 to 0.71) ,0.001 0.49 (0.23 to 1.04) 0.06
Pneumonia 4.31 (1.91 to 9.74) ,0.001 5.03 (1.88 to 13.48) 0.001
ARB 0.56 (0.32 to 0.97) 0.04 0.46 (0.25 to 0.87) 0.02

Patients on dialysis
Age 1.04 (1.03 to 1.06) ,0.001 1.04 (1.02 to 1.06) ,0.001
Pneumonia 5.95 (3.78 to 9.35) ,0.001 7.93 (4.53 to 13.90) ,0.001
Hydroxychloroquine 0.52 (0.30 to 0.92) 0.009 0.54 (0.31 to 0.94) 0.03
ARB 0.57 (0.37 to 0.89) 0.01 0.66 (0.38 to 1.12) 0.12
HD (versus PD) 2.88 (1.13 to 6.92) 0.012 2.82 (1.17 to 6.81) 0.02

ARB, angiotensin II receptor blocker; HD, hemodialysis; PD, peritoneal dialysis.
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