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ABSTRACT

Background. Coronavirus disease 2019 (COVID-19) patients on haemodialysis (HD) have high mortality. We investigated the
value of reverse transcription polymerase chain reaction (RT-PCR) and the dynamic changes of antibodies (enzyme-linked
immunosorbent assay immunoglobulin M (IgM) þ IgA and/or IgG) in a large HD cohort.

Methods. We conducted a prospective observational study in 10 Madrid HD centres. Infection rate, anti-SARS-CoV-2 antibody
dynamics and the incidence of asymptomatic SARS-CoV-2 infection (defined by positive RT-PCR, IgM þ IgA and/or IgG) were
assessed.

Received: 30.12.2020; Editorial decision: 11.2.2021

VC The Author(s) 2021. Published by Oxford University Press on behalf of ERA-EDTA.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited.
For commercial re-use, please contact journals.permissions@oup.com

1835

Clinical Kidney Journal, 2021, vol. 14, no. 7, 1835–1844

doi: 10.1093/ckj/sfab048
Advance Access Publication Date: 9 March 2021
Original Article

Clinical Kidney Journal

http://orcid.org/0000-0002-2114-1385
https://academic.oup.com/


Results. From 1 March to 15 April 2020, 136 of 808 (16.8%) HD patients were diagnosed with symptomatic COVID-19 by RT-PCR
of nasopharyngeal swabs and 42/136 (31%) died. In the second fortnight of April, RT-PCR and anti-SARS-CoV-2 antibodies
were assessed in 763 of the surviving patients. At this point, 69/91 (75.8%) symptomatic COVID-19 patients had anti-SARS-
CoV-2 antibodies. Four weeks later, 15.4% (10/65) of initially antibody-positive patients had become negative. Among patients
without prior symptomatic COVID-19, 9/672 (1.3%) were RT-PCR positive and 101/672 patients (15.0%) were antibody positive.
Four weeks later, 62/86 (72.1%) of initially antibody-positive patients had become negative. Considering only IgG titres,
serology remained positive after 4 weeks in 90% (54/60) of patients with symptomatic COVID-19 and in 52.5% (21/40) of
asymptomatic patients. The probability of an adequate serologic response (defined as the development of anti-SARS-CoV-2
antibodies that persisted at 4 weeks) was higher in patients who had symptomatic COVID-19 than in asymptomatic SARS-
CoV-2 infection fodds ratio [OR) 4.04 [95% confidence interval (CI) 2.04–7.99]g corrected for age, Charlson comorbidity index
score and time on HD. Living in a nursing home [OR 5.9 (95% CI 2.3–15.1)] was the main risk factor for SARS-CoV-2 infection.

Conclusions. The anti-SARS-CoV-2 antibody immune response in HD patients depends on clinical presentation. The
antibody titres decay earlier than previously reported for the general population. This inadequate immune response raises
questions about the efficacy of future vaccines.
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INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic is a threat
to global health and especially to vulnerable groups such as
patients undergoing renal replacement therapy in haemodialy-
sis (HD) centres. Patients on HD have a high COVID-19 mortality
rate (24.9% in Spain) [1]. In addition, they are at greater risk for
COVID-19 since they attend an HD facility two to six times a
week, in most cases in shared healthcare transportation, spend
>4 h in these units and may live in nursing homes. In 40% of HD
patients, COVID-19 infection is asymptomatic, increasing the
risk of nosocomial infection in HD units [2, 3]. Therefore strict

protocol measures for the early detection of severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) infection in HD
patients have been established. They include triage at the centre
entrance and isolation and reverse transcription polymerase
chain reaction (RT-PCR) testing in any patient with suspected in-
fection [4]. The role of serology is unknown and the information
available on the prevalence and dynamics of the antibody re-
sponse to SARS-CoV-2 infection in HD patients is scarce [3, 5–7].

On 28 February 2020, the first case of COVID-19 was reported
in Madrid, the Spanish region (6 663 394 inhabitants) most af-
fected by COVID-19, with 348 954 cases diagnosed by RT-PCR
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and 12 225 deaths as of 23 November 2020. The first pandemic
peak was on 30 March 2020, with a peak incidence (14-day cu-
mulative COVID-19 cases) of 422 cases/100 000 inhabitants [8].
According to data from the Madrid Society of Nephrology as of
18 June 2020, 509 (14.7%) of the 3473 prevalent HD patients
in Madrid had been infected by SARS-CoV-2 [9].

Without a specific vaccine or preventive treatments in a pan-
demic that involves a high percentage of asymptomatic patients,
it is necessary to establish strategies that allow early detection of
infected cases in dialysis units in order to organize healthcare
while minimizing the risk of nosocomial infection. For this pur-
pose, periodic serum antibodies and/or RT-PCR tests have been
proposed for asymptomatic patients [6]. However, the usefulness
of these strategies and the dynamics of anti-SARS-CoV-2 anti-
bodies in HD patients remain unknown. Thus there are few data
on the frequency of anti-SARS-CoV-2 antibody development and
duration in HD patients. This information is critical to establish
detection, isolation and follow-up plans.

The objectives of this study were to assess SARS-CoV-2 in-
fection by RT-PCR and serology, the prevalence of asymptom-
atic SARS-CoV-2 infection and the dynamics of the antibody
response to SARS-CoV-2 in a large representative sample of HD
patients from Madrid hospitals and dialysis centres.

MATERIALS AND METHODS
Study population

This is an observational, open, prospective, multicentre study
in all HD patients from 10 HD facilities, 8 managed by the
Fundación Renal Í~nigo Álvarez de Toledo (FRIAT) (4 hospitals
and 4 outpatient dialysis facilities) and 2 hospitals in the
Community of Madrid public health system. During the 6-week

period after the onset of the pandemic, a specific triage strategy
was used in every dialysis session to identify symptoms of
COVID-19 or exposure to SARS-CoV-2 infected patients. A total
of 136 patients were diagnosed as symptomatic COVID-19.

All HD patients >18 years of age on 15 April 2020 were
invited to participate in the study that included a baseline
SARS-CoV-2 RT-PCR and anti-SARS-CoV-2 serum antibody test
and a second antibody test 4 weeks later. The only exclusion cri-
terion was rejection to participate in the study. Patients were
classified as having prior symptomatic COVID-19 diagnosed be-
fore 15 April or not. Those without a previous COVID-19 diagno-
sis and with a basal positive RT-PCR or serology
[immunoglobulin G (IgG) and/or IgA þ IgM] were classified as
asymptomatic SARS-CoV-2 infection; others were defined as no
evidence of previous or actual SARS-CoV-2 infection (Figure 1).
For patients with prior COVID-19, only anti-SARS-CoV-2 anti-
bodies were measured.

At the time of the first serology, the accumulated incidence
of COVID-19 infection in 14 days in the Community of Madrid
system was 251 cases per 100 000 inhabitants, whereas at the
time of the second assessment, 4 weeks later, the accumulated
incidence had dropped to 28 cases per 100 000 inhabitants as a
result of the strict confinement adopted by the national authori-
ties. The peak accumulated incidence in the first COVID-19 pan-
demic wave in the Community of Madrid system was 422 cases
per 100 000 inhabitants on 6 April 2020 [10].

The outcome of interest was an adequate serological
response, defined as the development of anti-SARS-CoV-2 anti-
bodies that persisted at 4 weeks. Data were obtained by two
investigators from each centre.

The study was approved by the Research Ethics Committee
of Puerta de Hierro Hospital in Madrid (CPMP/ICH/135/95) and
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FIGURE 1: Flow chart. Missing data are due to a change of dialysis facility (n¼38) or inadequate blood sample for analysis (n¼61).
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was conducted in accordance with the Declaration of Helsinki
and the European Union Clinical Trials Directive 2001/20/EC
(EU CTD).

Laboratory measurements

Nasopharyngeal swabs were assessed for SARS-CoV-2 RNA by
quantitative RT-PCR real-time amplification using specific oli-
gonucleotides and a fluorescence-labelled probe that hybridized
with a conserved target region of the ORF1ab and N genes
(VIASURE SARS-CoV-2 RT-PCR Kit, CerTest Biotec, San Mateo de
Gállego, Spain and TaqPath COVID-19 CE-IVD RT-PCR Kit,
Thermo Fisher Scientific, Waltham, MA, USA).

Serum was tested for anti-SARS-CoV-2 IgA þ IgM and for anti-
SARS-CoV-2 IgG antibodies using an indirect enzyme-linked im-
munosorbent assay (ELISA; Vircell, Granada, Spain). The assay
uses specific SARS-CoV-2 antigens from the Spike (S) glycoprotein
and the nucleus capsid (N). Samples were diluted 1:20 in sample
buffer and incubated at 37�C for 60 min in a 96-well microtitre
plate followed by protocol washing and incubation cycles, includ-
ing controls and required reagents. Optical density (OD) was mea-
sured at 450 nm using a VirClia microplate reader (Vircell). The
ELISA results are expressed as OD measurements using a micro-
plate reader with a 450-nm filter and a 620-nm reference filter and
interpreted according to the manufacturer’s protocol. The OD in-
dex results are the OD of the clinical sample:OD of the calibrator
ratio, without units. The use of indexes allowed us compensate for
interassay variability.

Anti-SARS-CoV-2 antibodies detected by this assay were
shown to have neutralizing (potentially protective) properties in
plaque reduction neutralizing tests [11]. The sensitivity and spe-
cificity reported by the manufacturer are 88% and 99%, respec-
tively, for the combined IgM þ IgA and 85% and 98%,
respectively, for IgG, without specific data for HD patients. All
serological samples were tested in the same reference
laboratory.

Study variables

The past history of COVID-19 and outcomes before the start of the
study were recorded for all prevalent dialysis patients in partici-
pating units as of 1 March 2020 to determine the baseline exposure
to the virus and estimate the mortality rate. Demographic (age,
sex, dialysis vintage and aetiology of kidney disease) and morbid-
ity data [body mass index, hypertension, chronic obstructive pul-
monary disease (COPD), diabetes, smoking, active neoplasms and
treatment with renin–angiotensin–aldosterone system blockers]
were collected. Risk factors for SARS-CoV-2 infection were also
recorded (healthcare transportation, known exposure to an
infected partner and living in nursing homes).

Statistical analysis

Data are shown as mean [standard deviation (SD)] or percentage,
according to the type of variable analysed. We use the chi-squared
test for association between qualitative variables and the
Student’s t-test for quantitative variables. The 95% confidence
interval (CI) for proportions was calculated using the Wald method
and a P-value <0.05 was considered statistically significant. A lo-
gistic regression multivariate analysis was used to explore factors
associated with an asymptomatic positive RT-PCR test or serologic
response, using a change-in-estimate criterion; a 10% cut-off was
considered to identify possible confounders. Missing data were ex-
cluded from the analysis. The statistical analysis was performed
using Stata version 14.0 (StataCorp, College Station, TX, USA).

RESULTS
Incidence and mortality of symptomatic COVID-19 prior
to study entry

As of 1 March 2020 there were 808 prevalent HD patients in the
six hospitals and four outpatient dialysis centres. Through 15
April 2020 (baseline date), 136 (16.8%) patients had been diag-
nosed with COVID-19 [12]. This would be equivalent to an accu-
mulated incidence of 5147 cases/100 000 patients, much higher
than the maximum accumulated incidence recorded in Madrid
(422/100 000 inhabitants) during the first pandemic wave.
Infection rates were not homogeneous for different centres, but
this was also the case for the general population living in the
same healthcare areas. COVID-19 mortality among HD patients
was 42/136 COVID-19 patients, corresponding to an estimated
mortality for the Madrid HD population of 30.9% (95% CI 23.1–
38.6) (Figure 1).

Detection of SARS-CoV-2 infection by RT-PCR and
serology

Through 15 April 2020, 763 patients were included in the study,
representing 99.6% of all HD patients >18 years of age in the par-
ticipating centres. Patients were classified into two groups:
symptomatic COVID-19 (n¼ 91) if diagnosed with COVID-19
prior to study entry or no COVID-19 (n¼ 672) (Figure 1).
Symptomatic COVID-19 patients were older, had more risk fac-
tors for COVID-19 (including living with an infected partner, liv-
ing in a nursing home, using shared ambulance transportation
and previous hospital admissions) and more often received
angiotensin-converting enzyme inhibitors (ACEIs) (Table 1).

Seroconversion after symptomatic COVID-19

In the 91 patients with symptomatic COVID-19, the mean time
from COVID-19 diagnosis to baseline serology was 28.2 days
(95% CI 5–53). IgM þ IgA and/or IgG anti-SARS-CoV-2 antibodies
were detected in 75.8% (69/91; 95% CI 67.0–84.6) of patients.

Non-COVID-19 patients

Among patients with no previous COVID-19, RT-PCR was posi-
tive in 9 of 672 (1.3%). Serum SARS-CoV-2 antibodies were
detected in 7 of 9 RT-PCR-positive patients (77.8%) and in 94/663
RT-PCR-negative patients (14.2%). Overall, the incidence of
detected asymptomatic SARS-CoV-2 infection was 15.3% (103/
672; 95% CI 12.9–18.1). Taken as a whole, the proportion of
asymptomatic infection was 53.1% (103/194) of all infected
patients. The proportion of SARS-CoV-2 infection in the entire
cohort was 25.4% (194/763; 91 symptomatic COVID-19 patients
and 103 asymptomatic detected by RT-PCR or serology).

Antibody dynamics

After 4 weeks, serum anti-SARS-CoV-2 antibodies were again
assessed in 674 patients (88.3% of the study population). At this
time point, 55/65 [84.6% (95% CI 75.8–93.4)] of symptomatic
COVID-19 patients with positive serology maintained anti-
SARS-CoV-2 antibodies and 15.4% (10/65) became antibody neg-
ative. IgG antibodies remained positive in 54/60 [90% (95% CI
82.4–97.6)] of patients (Supplementary data, Figure S1 in
Supplementary Appendix).

In patients with an asymptomatic SARS-CoV-2 infection,
anti-SARS-CoV-2 antibodies persisted in all patients with a posi-
tive RT-PCR at baseline [6/6 (100%)] and in only 18/80 [22.5%
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(95% CI 13.3–31.7)] of those who were RT-PCR negative. Thus in
62/80 (77.5%) asymptomatic SARS-CoV-2 infection–RT-PCR neg-
ative patients, anti-SARS-CoV-2 antibodies disappeared 4 weeks
later. Anti-SARS-CoV-2 IgG antibodies remained positive in 15/
34 [44.1% (95% CI 27.4–60.8)] patients with baseline positivity
and RT-PCR negative and in 52.5% (21/40) of all asymptomatic
patients irrespective of RT-PCR results. However, only 9/63
[14.3% (95% CI 5.6–22.9)] of the baseline IgAþIgM–positive
patients remained positive after 4 weeks and 18.8% (13/69) of all
asymptomatic patients irrespective or RT-PCR results (Figure 2).

In the entire cohort (symptomatic COVID-19 and asymptom-
atic SARS-CoV-2 infection), only 52.3% (79/151) of patients with
anti-SARS-CoV-2 antibodies remained positive after 4 weeks
and 47.7% (72/151) of patients lost the antibodies previously
detected. Overall the seroprevalence against SARS-CoV-2 in HD
was 170/763 (22.3%) at baseline and 83/674 (12.3%) at 4 weeks
(Figure 3).

In both symptomatic and asymptomatic patients with
baseline anti-SARS-CoV-2 antibodies, the initial IgG levels [OD
index: 6.5 (SD 2.4) vs 5.1 (SD 3.1); P< 0.001] declined at
4 weeks [OD index: 5.0 (SD 2.6) vs 2.3 (SD 2.7); P< 0.001]. The
decrease in IgG titres was lower in COVID-19 patients than in
asymptomatic SARS-CoV-2-infected patients (12.0% versus
51.6%; P< 0.001).

We performed a logistic regression analysis to explore dif-
ferences between patients with persistent anti-SARS-CoV-2
antibodies (adequate serologic response, n¼ 79) or with tran-
sient antibodies (inadequate serologic response, n¼ 94). The
probability of an adequate serologic response was higher in
patients who had symptomatic COVID-19 than in asymptom-
atic SARS-CoV-2 infection [odds ratio (OR) 4.04 (95% CI 2.04–
7.99)] corrected for age, Charlson comorbidity index score and
time on HD.

In patients with COVID-19, the mean time from diagnosis to
baseline antibody assessment was 28.2 days (SD 12.2). This time
was shorter in patients with inadequate serologic response
than in those with persistent antibodies (20.3 versus 30.8 days;
P< 0.001). Thus it is unlikely that antibodies were lost in
patients in whom a longer time had elapsed since infection.

Patients with positive SARS-CoV-2 RT-PCR or serology had
more risk factors for infection (living with an infected partner,
living in a nursing home or public healthcare transportation)
(Table 2). Since these risk factors may be combined (e.g. health-
care transportation is more frequent in nursing home patients),
they may act as confounding factors. For this reason we per-
formed a logistic regression by change-in-estimate criterion,
selecting a final model including confounding factors; thus liv-
ing in a nursing home [5.9 (95% CI 2.3–15.1)] and using public
healthcare transportation [1.5 (95% CI 0.9–2.3)] were the main
risk factors for SARS-CoV-2 infection (Table 3).

DISCUSSION

In this large prospective cohort of HD patients in Madrid at a
time when the COVID-19 infection rate was declining, we
reported a 25.4% (194/763) prevalence of present or past SARS-
CoV-2 infection diagnosed by serology or RT-PCR, a high preva-
lence of asymptomatic patients and an alarming early washout
of anti-SARS-CoV-2 antibodies (47.7% of the patients lost them
within 4 weeks of the study), suggesting a suboptimal immune
response in HD.

The severity of COVID-19 in HD was greater than that
reported in the general population and 30.9% of those who had
symptomatic COVID-19 infection died. Although COVID-19 mor-
tality has evolved over the pandemic [13], official data from
Spain’s Ministry of Health in the second half of April showed

Table 1. Patients’ characteristics by COVID-19 status

Characteristics
Previous

COVID-19 No previous COVID-19 All P-value

n (%) 91 (11.8) 672 (88.2) 763
Age (years), mean (SD) 70.6 (14.1) 64.9 (14.8) 65.5 (14.9) <0.001
Male (%) 53.9 66.8 65.3 0.02
Dialysis vintage (months), median (IQR) 32.4 (12.2–56.0) 30.5 (14.3–72.2) 31.0 (14.0–70.9) 0.9
Comorbidity

Charlson comorbidity index, mean (SD) 8.2 (2.6) 7.5 (3.1) 7.6 (3.0) 0.04
Overweight (%) 32.1 33.5 33.3 0.8
Obese (%) 19.8 21.1 20.9 0.8
Hypertension (%) 81.6 78.8 79.1 0.6
COPD (%) 18.7 11.3 12.1 0.07
Diabetes mellitus (%) 43.4 37.2 37.9 0.3
Smoker (%) 14.5 17.1 16.8 0.6
Neoplasm (%) 7.9 6.1 6.3 0.5

Risk factors for COVID-19 (%)
Living with COVID-19 partner 38 2.3 6.3 <0.001
Living in nursing home 19.8 2.8 4.9 <0.001
Collective/public transport 68.1 51.6 53.6 0.003
Previous hospital admission 15.9 8.6 9.6 0.03

Treatment (%)
ACEI 26.3 16.6 17.7 0.03
ARB 10.4 17.8 17.0 0.1
ACEI or ARB 35.8 33.9 34.1 0.7
MRA 0 2.8 2.5 0.1

Overweight: body mass index 25–30 kg/m2; obese: body mass index >30 kg/m2. IQR, interquartile range; COPD, chronic obstructive pulmonary disease; ACEI, angioten-

sin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; MRA, mineralocorticoid receptor antagonist.
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general mortality of 7.9% and 13.9% in those >70 years of age
[14]. Mortality in other observational HD studies ranged from
16.2 to 41% [2, 15, 16]. Multiple comorbidities and frailty proba-
bly contribute to higher COVID-19 mortality in HD patients, al-
though chronic kidney disease itself is a key independent risk
factor [17].

The prevalence of asymptomatic SARS-CoV-2 infection in
HD patients was high [103/194 (53.1% of the total infected)]—
higher than previous general population reports, as it was
28.5% in the ENE-COVID population-based epidemiological
study of SARS-CoV-2 seroprevalence in Spain [18] and similar
to that described in HD in the UK (40.3%) [3] and in the
Wuhan series (51%) [5]. The reasons for this high prevalence

of asymptomatic COVID-19 on HD are unknown. COVID-19
symptoms can be unspecific and may be difficult to distin-
guish from usual symptoms of high-comorbidity patients. In
fact, in asymptomatic patients, pulmonary infiltrates may
be detected by high-sensitivity chest computed tomography
(CT). In the Wuhan HD study of 46 patients with positive se-
rology and negative RT-PCR (79% asymptomatic), chest CTs
were normal in only 26%, compared with 55.9% of 623
patients without SARS-CoV-2 infection [5]. The most rele-
vant clinical sign at routine screening at arrival in the dialy-
sis facility for HD sessions was fever, but 34% of patients
admitted for COVID-19 remain afebrile during the entire ad-
mission [19]. Asymptomatic patients are not detected in the
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daily HD screening for COVID-19 and therefore are a poten-
tial source of infection for other patients, reinforcing the
need to maintain strict respiratory isolation measures in di-
alysis units and in transport to and from the units in all
patients, independent of the presence of symptoms.

The overall seroprevalence of anti-SARS-CoV-2 antibodies
was 22.3%, which was double the reported seroprevalence on the
same dates in the general population in Madrid (11.5%) [18]. Prior
HD reports found anti-SARS-CoV-2 prevalence in HD of 36.2% in
356 patients in the UK [3], 8.2% in 1014 patients in Wuhan [5] and
3.3% in 1542 patients in Honghu and Jingzhou, China [7].

The seroconversion rate in HD patients with symptomatic
COVID-19 was only 75.8% (69/91) at baseline (i.e. on average,
28 days after the onset of symptoms) and decreases to 68.7%
(55/80) 4 weeks later. These data contrast with those published
for the general population. Thus, in a systematic review that
includes 74 studies, at 4 weeks, 100% of the symptomatic
COVID-19 patients had anti-SARS-CoV-2 IgG [20].

To our knowledge, this is the first multicentre prospective
study that analyses anti-SARS-CoV-2 antibody dynamics in a
large HD population. The HD population lost anti-SARS-CoV-2
antibodies rapidly, as seroprevalence declined from 22.3% to
12.3% in just 4 weeks. There were clear differences depending

on whether COVID-19 was symptomatic or not. Anti-SARS-CoV-
2 IgG antibodies remained positive at 4 weeks in 90% of symp-
tomatic patients, while the figure was 52.5% for asymptomatic
patients with baseline anti-SARS-CoV-2 IgG antibodies. Greater
exposure to the virus (in quantity or duration) could induce a
stronger immune response in symptomatic patients. These
results expand the preliminary observation by Labriola et al. [21]
in eight HD patients with SARS-CoV-2 infection and positive se-
rology (six symptomatic and two asymptomatic), in whom anti-
SARS-CoV-2 IgG was detectable for at least 3 months in all
patients, but titres decreased progressively. Compared with the
general population, the rate of antibody loss was higher in HD.
Thus in the ENE-COVID-19 seroprevalence study in Spain [18],
14.4% of the general population lost anti-SARS-CoV-2 antibodies
at 6 weeks. In asymptomatic patients, this figure rose to 24.0%.
In this HD study, roughly half of patients who developed
anti-SARS-CoV-2 antibodies lost them in 1 month (72/151).
There is currently some debate about the dynamics of anti-
SARS-CoV-2 antibodies [22–24]. Discrepancies may depend on
different assays or the heterogeneity of the population studied,
as more severe disease has been associated with higher and
more stable neutralizing antibody titres than asymptomatic in-
fection [25].

Table 2. Characteristics of non-previous COVID-19 patients (n ¼ 672) classified by basal RT-PCR and serologic screening into two groups: posi-
tive and negative SARS-CoV-2 infection

Characteristics Negative SARS-CoV-2 infectiona Positive SARS-CoV-2 infectiona P-value

n (%) 569 103
Age (years), mean (SD) 64.4 (14.7) 67.6 (15.4) 0.05
Male (%) 68.1 59.8 0.1
Dialysis vintage (months), median (IQR) 31.1 (14.9–73.8) 26.4 (11.8–62.2) 0.1
Comorbidity

Charlson comorbidity index, mean (SD) 7.4 (3.1) 8.1 (3.1) 0.05
Overweightb (%) 33.2 34.7 0.6
Obeseb (%) 21.7 17.8 0.4
Hypertension (%) 78.9 78.1 0.9
COPD (%) 10.7 15.1 0.2
Diabetes mellitus (%) 35.9 44.8 0.1
Smoker (%) 16.5 20.2 0.4
Neoplasm (%) 6.8 2.1 0.08

Risk factors for COVID-19 (%)
Living with COVID-19 partner 1.5 7.4 <0.001
Living in nursing home 1.6 9.9 <0.001
Collective/public transport 49.8 61.8 0.03
Previous hospital admission 8.6 8.5 0.9

Treatment (%)
ACEI 15.9 21.1 0.2
ARB 18.5 13.8 0.3
ACEI or ARB 33.9 33.7 0.9
MRA 2.8 3.2 0.8

IQR, interquartile range.
aNegative SARS-CoV-2 infection includes patients with negative SARS-CoV-2 RT-PCR and anti-SARS-CoV-2 antibodies. Positive SARS-CoV-2 infection includes patients

with positive SARS-CoV-2 RT-PCR and/or positive anti-SARS-CoV-2 antibodies. b Overweight: body mass index 25–30 kg/m2; obese: body mass index >30 kg/m2.

Table 3. Logistic regression for risk of SARS-CoV-2 infection among HD patients

Risk
Univariate Multivariate

OR 95% CI P-value OR 95% CI P-value

Collective/public transport 1.45 0.93–2.27 0.10 1.48 0.95–2.31 0.08
Living in a nursing home 6.92 2.74–17.50 <0.001 5.89 2.29–15.10 <0.001
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The impact of the present findings on long-term risk of
reinfection should be studied. Confirmed COVID-19 reinfections
of variable severity have been observed, including in an HD pa-
tient with previous asymptomatic infection [26]. In another
published COVID-19 reinfection in a patient with preserved
renal function, the disappearance of IgG antibodies before rein-
fection was documented [27]. It is still too early to know if these
are anecdotal reports or if the risk of reinfection in patients
who have lost the antibody titre is really significant or if there is
a specific antibody titre that implies protection against reinfec-
tion. Indeed, as for other viral diseases, the absence of antibody
detection may not imply the absence of protective immunity
[28]. In fact, SARS-CoV-2 infection generates long-lasting mem-
ory B cells against several viral proteins, guaranteeing lasting B
cell immunity even if antibody titres decay [29]. The risk of rein-
fection needs to be further explored due to its impact on future
vaccination policies.

The lower SARS-CoV-2 seroconversion rate and faster anti-
SARS-CoV2 antibody titre decay in HD patients may be related
to impaired natural and adaptive immunity in chronic kidney
disease that negatively impacts every step of the immune re-
sponse, from antigen presentation by monocytes to T helper
and cytotoxic cell responses and the development of long-
lasting memory B cells [30]. Furthermore, dialysis worsens the
chemotactic and phagocytic function of neutrophils [31]. These
impaired responses lead to the suboptimal immune response to
infections and the inadequate antibody production following
vaccination observed in the dialysis population. The findings of
this study suggest an inadequate immune response to SARS-
CoV-2 in HD and the need to be alert to possible reinfections or
inadequate response rates to vaccination programmes. Until
these issues are clarified, the current policies of screening at ad-
mission and respiratory isolation in all HD facilities should be
maintained.

The results of this study identify a need to redefine the role
of anti-SARS-CoV-2 antibody testing in HD patients to reduce
the risk of infection and to help manage dialysis station occu-
pancy. At times of high community transmission, patient
screening using both RT-PCR and serology is more efficient than
RT-PCR alone, by detecting more asymptomatic potentially in-
fective patients. RT-PCR þ IgM measurement increased the sen-
sitivity of detection of active infection to 98.6%, compared with
only 51.9% if just a single RT-PCR test is done [32]. In addition,
the rapid disappearance of antibodies in asymptomatic patients
on HD suggests that periodic serology screening and systematic
data collection may allow easy traceability of the antibody sta-
tus in each patient, something similar to current practice for
hepatitis B and C viruses. Knowledge of the SARS-CoV-2 status
would be useful to confirm reinfections, distribute patients in
dialysis units according to the risk of contagion and plan vacci-
nation campaigns. The periodicity of serological screenings will
depend on the epidemiological situation at each moment, being
more frequent at times of high community transmission rates.

COVID-19 is more frequent in HD than in peritoneal dialysis
patients or kidney transplant recipients [1]. Transmission
within HD facilities may contribute to this difference, although
universal protection measures minimize the risk of nosocomial
infection [33]. We have further identified healthcare transport,
living in a nursing home or living with a COVID-19 patient as
risk factors associated with SARS-CoV-2 infection. Sharing
healthcare transport with asymptomatic COVID-19 patients
(later detected by RT-PCR screening) was associated with an al-
most 5-fold greater risk of COVID-19 infection [34]. Healthcare
transport in Spain usually consists of collective ambulances

lacking social distancing and, in the initial weeks of the pan-
demic, lacking face masks. Therefore strategies to promote pri-
vate transport should be strengthened and, if healthcare
transportation is used, the number of seats and the duration of
the trip should be reduced.

This study has several limitations. The ELISA only assessed
antibodies against protein S and the nucleocapsid of SARS-CoV-
2 and may not reflect the dynamics of other antibodies. The
high percentage of asymptomatic patients detected must be
contextualized in the epidemic situation of Madrid, a European
city with one of the highest community transmission rates, so
the results cannot necessarily be extrapolated to other regions
with a lower incidence of SARS-CoV-2 infection. As a strength,
this is a prospective study in which almost all prevalent HD
patients from the participating centres were included, the
follow-up was well structured and the serological assays used
the same method and a centralized reference laboratory.

In conclusion, HD patients have a high risk of infection by
SARS-CoV-2, high mortality and a high percentage of asymp-
tomatic infection. The rate of anti-SARS-CoV-2 development in
HD patients was lower than in the general population and the
antibody titre declined faster. This raises questions about the
susceptibility of HD patients to reinfection and the response to
the SARS-CoV-2 vaccine. These data support the European
Renal Association–European Dialysis and Transplant
Association call for dialysis patient-specific vaccine studies that
explore the antibody response and the optimal vaccination
schedule [17].

DATA AVAILABILITY STATEMENT

The data underlying this article will be shared upon reasonable
request to the corresponding author.

SUPPLEMENTARY DATA

Supplementary data are available at ckj online.

ACKNOWLEDGEMENTS

The authors thank Dr. Joaquı́n Mendoza and Dr. José Rojas
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15. Goicoechea M, Sánchez-Cámara LA, Macı́as N et al. COVID-
19: clinical course and outcomes of 36 hemodialysis patients
in Spain. Kidney Int 2020; 98: 27–34

16. Scarpioni R, Manini A, Valsania T et al. COVID-19 and its im-
pact on nephropathic patients: the experience at Ospedale
“Guglielmo da Saliceto” in Piacenza. G Ital Nefrol 2020; 37:
2020-vol2

17. Ortiz A, Cozzolino M, Duivenvoorden R et al. Chronic kidney
disease is the key risk factor for severe COVID-19: a call to ac-
tion by the European Renal Association. Nephrol Dial
Transplant 2021; 36: 87–94
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