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Abstract
Purpose  Since the end of 2019, dialysis patients have been at risk of coronavirus disease 2019 (COVID-19) as well as other 
potential complications. Hence, we sought to describe the clinical characteristics of dialysis patients with severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2) infection.
Methods  We reviewed clinical outcomes, which consisted of clinical data extracted from the medical records of 695 reg-
istered dialysis patients at the Dialysis Center of Central Hospital of Wuhan from January 13th, 2020, to February 29th, 
2020, and performed statistical analysis. According to the results, there were 447, 227 and 21 hemodialysis (HD), peritoneal 
dialysis (PD) and combined HD and PD (HD&PD) cases, respectively.
Results  During the outbreak of COVID-19, 36 dialysis patients were infected by SARS-CoV-2. Among those 36 patients, 
32 (7.2%) were on HD, and 4 (1.8%) were on PD. When comparing SARS-CoV-2 infection between HD and PD, the relative 
risk was 4.07 (RR = 4.07, 95% CI 1.46–11.35). We noted a median age of 66 years during the observation period, and the 
number of male patients was 23 (63.9%). There were 15 fatal cases tested positive for SARS-CoV-2 (13 cases on HD and 2 
cases on PD). By comparing mortality in the same period of 2018, 2019 and 2020, the all-cause mortality of hemodialysis 
patients was significantly higher in 2020 (4.89%) than in either 2018 (2.55%) or 2019 (1.97%). There was no significant 
difference in mortality from all causes excluding COVID-19, during the same period among the 3-year period. However, 
during the COVID-19 outbreak, the mortality from all causes excluding COVID-19 was 2.73%, which was slightly higher 
than that from COVID-19 (2.16%).
Conclusions  Although COVID-19 seriously threatens the health of people with uremia, deaths from all causes excluding 
COVID-19 during the epidemic cannot be ignored.
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Introduction

In late December 2019, atypical pneumonia cases caused 
by severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) started being reported in Wuhan [1]. 
This novel virus soon spread widely among the city of 
11 million populations [2, 3]. In the early phase of trans-
mission, the healthcare system in the city was strongly 
overwhelmed by the surge of patients with coronavirus 
disease 2019 (COVID-19). To our knowledge, there were 
no outcome data available for a unique group of patients 
on regular maintenance dialysis during this early phase 
of the outbreak. To describe the clinical characteristics 
of these patients and determine whether they represent 

Xingruo Zeng, Xiaomei Huang, and Li Xu have contributed 
equally.

Electronic supplementary material  The online version of this 
article (https​://doi.org/10.1007/s1125​5-020-02670​-0) contains 
supplementary material, which is available to authorized users.

 *	 Lei Wei 
	 leiwei@whu.edu.cn

 *	 Wenli Chen 
	 bicwl@163.com

Extended author information available on the last page of the article

http://crossmark.crossref.org/dialog/?doi=10.1007/s11255-020-02670-0&domain=pdf
https://doi.org/10.1007/s11255-020-02670-0


354	 International Urology and Nephrology (2021) 53:353–357

1 3

a distinct patient group, we retrospectively analyzed the 
outcomes of 695 registered maintenance dialysis patients 
between January 13th, 2020, and February 29th, 2020. 
Among these registered patients, there were 447 on main-
tenance hemodialysis (HD), 227 on maintenance perito-
neal dialysis (PD) and 21 on the combination of the two 
(HD&PD).

Materials and method

Study design, participants and data collection

This observational study carried out at the Dialysis Center 
of Central Hospital of Wuhan (DC-CHWH), a tertiary 
teaching hospital that carries the second largest dialysis 
patient volume in the city. The observation period lasted 
nearly 60 days, from January 13th, 2020 to February 29th, 
2020. According to the New Coronavirus Pneumonia Pre-
vention and Control Program (7th edition) published by 
the National Health Commission of China [4], we retro-
spectively analyzed the clinical outcomes of 695 patients, 
who underwent maintenance dialysis in the early phase 
of COVID-19 outbreak. The analysis showed that 36 
patients were diagnosed with COVID-19 based on their 
exposure history, clinical symptoms and related exami-
nations, including laboratory examination and imaging 
examination.

Real‑time reverse transcription‑polymerase chain 
reaction for SARS‑CoV‑2

First, we extracted the respiration with an RNA isola-
tion kit (Beijing Tiangen Biochemical Technology), after 
taking samples of human throat swabs and alveolar lav-
age fluid from patients suspected of having SARS-CoV-2 
infection. Then, the SARS-CoV-2 nucleic acid detection 
kit (Wuhan Huada Biological Technology Co., Ltd.) was 
used for real-time RT-PCR to detect the content of SARS-
CoV-2 in the sample.

Statistical analysis

Categorical variables were expressed as the frequency rate 
and the percentage, and continuous variables were repre-
sented using mean. Mean and median for continuous varia-
bles were compared using independent group t-tests when all 
data were normally distributed; otherwise, the Mann–Whit-
ney U test was used. Data (non-normal distribution) from 
repeated measures were compared using the generalized lin-
ear mixed model. Proportions for categorical variables were 
compared using the χ2 test while the Fisher exact test was 
used when encountering limited data. All statistical analyses 
were performed using SPSS 23.0. All tests were two-sided 
with significance level at p less than 0.05.

Results

Timeline of patient diagnosis and infection 
prevention measures

There were 15 HD patients and 2 PD patients with confirmed 
COVID-19 in January and 17 HD patients and 2 PD patients 
in February (Fig. 1).

Baseline characteristics of patients on maintenance 
dialysis

The baseline characteristics and demographics of the 
patients and their baseline laboratory results while on dial-
ysis are displayed in Table 1. Based on comparison of the 
two types of dialysis (HD and PD) with regard to age and 
length, HD patients were older and had longer dialysis times 
compared to PD patients.

Clinical characteristics of dialysis patients 
with COVID‑19

Compared to patients on PD, patients on HD had much 
higher rates of COVID-19 infection, with rates of 7.2% for 
HD and 1.8% for PD (RR = 4.07, 95% CI 1.46–11.35). All 

Fig. 1   Timeline of patient diagnosis and infection prevention measures
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these differences were statistically significant (Table 1). 
The clinical characteristics of dialysis patients with 
COVID-19 are shown in Table S1. During the outbreak 
of COVID-19, 36 dialysis patients were infected by the 
virus. The median age was 66 years, and the number of 
male patients was 23 (63.9%). Common symptoms at the 
onset of illness included fever (77.8%), cough (55.6%) and 
fatigue (36.1%). Most patients had abnormal laboratory 
results, including lymphopenia (77.8%), anemia (41.7%) 
and elevated C-reactive protein (80.6%). As of February 
14th, 2020, we began to periodically track hematologi-
cal and biochemical parameters of 12 hospitalized HD 
patients at day 1, day 4, day 7 and day 14 after disease 
onset. During this period, lymphopenia was diagnosed in 
most cases. As the disease progressed, the white blood cell 
count was higher in nonsurvivors than in survivors, while 
the neutrophil count was similar between the two groups. 
However, the level of hemoglobin in nonsurvivors was 
higher than that in survivors, though this was not statisti-
cally significant (Figure S1). All patients (100%) presented 
with characteristic ground-glass opacities on chest com-
puted tomographic scans, 80.9% of them had multifocal 
involvement, 66.7% of them had pleural effusion or peri-
cardial effusion, and 44.4% of them had consolidation and 
atelectasis (Table S1).

Mortality in maintenance dialysis patients

During the observation period, 34 dialysis patients died. 
Among these cases, 15 of the patients died of COVID-19, 
while 19 died from causes other than COVID-19 as shown 
in Table S2. By comparing the mortality in the same period 
of 2018, 2019 and 2020, the all-cause mortality of hemodi-
alysis patients was significantly higher in 2020 (4.89%) than 
in 2018 (2.55%) or 2019 (1.97%) (Table 2). With no sig-
nificant difference, mortality rates from all causes excluding 
COVID-19 during the same period among the 3 years were 
2.55% in 2018, 1.97% in 2019, and 2.73% in 2020. Dur-
ing the COVID-19 outbreak, the mortality from all causes 

Table 1   Baseline characteristics 
of maintenance dialysis patients

a p value by ANOVA, Kruskal–Wallis test and Chi-square test among HD, PD and HD&PD group;
b p value by t-test, Mann–Whitney U test and Chi-square test between HD and PD group. Continuous vari-
ables were shown as Mean ± SD when the data were normally distributed; otherwise, continuous variables 
were shown as median (interquartile range)

Clinical characteristics HD PD HD&PD Pa P b

Number of cases 447 227 21
Age, years 64 (55–71) 61 (50–68) 63.00 (43.50–65) 0.001  < 0.001
Age groups 0.076 0.07
 < 65 years 241 (53.9) 139 (61.2) 15 (71.4)
 ≥ 65 years 206 (46.1) 88 (38.8) 6 (28.6)

Sex 0.058 0.076
 Female 173 (38.7) 104 (45.8) 5 (23.8)
 Male 274 (61.3) 123 (54.2) 16 (76.2)

Dialysis session length, m 30 (18–48) 24 (12–36) 38 (23–61)  < 0.001  < 0.001
Underline disease
 Diabetes 184 (41.2) 66 (29.1) 8 (38.1) 0.009 0.002
 Hypertension 409 (91.5) 205 (90.3) 21 (100.0) 0.389 0.608
 Cardiac disease 423 (94.6) 211 (93.0) 21 (100.0) 0.418 0.383
 Respiratory disease 61 (13.7) 19 (8.4) 2 (9.5) 0.12 0.045

Laboratory tests
Hb, g/L 101.6 ± 18.6 98.7 ± 19.7 96.8 ± 15.1 0.092 0.065
Alb, g/L 40.1 (36.5–42.8) 34.65 (31.1–37.8) 39.40 (35.7–43.8)  < 0.001 0.004
Blood phosphorus, mmol/L 1.6 (1.3–2.0) 1.51 (1.3–1.8) 1.5 (1.2–2.0) 0.007 0.003
iPTH, pmol/L 29.8 (14.9–51.0) 22.38 (10.8–42.2) 24.03 (8.2–52.8) 0.004 0.006

Table 2   The mortality of maintenance dialysis patients in the same 
period in 2018, 2019, 2020

a The mortality in 2020 compared with that in 2018
b The mortality in 2020 compared with that in 2019

The cause of death 2018 2019 2020 Pa Pb

COVID-19 0 0 2.16
The causes excluding 

COVID-19
2.55 1.97 2.73 0.835 0.535

All-cause 2.55 1.97 4.89 0.029 0.003
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excluding COVID-19 was 2.73%, which was slightly higher 
than that from COVID-19 (2.16%) (Table 2).

Discussion

In December 2019, SARS-CoV-2 caused a major outbreak 
of respiratory infectious disease in Wuhan. Epidemiological 
investigations have shown that the elderly or patients with 
chronic diseases are more susceptible to COVID-19 [4, 5]. 
As dialysis patients have poor physical fitness, they are likely 
to be susceptible to infectious diseases [6].

The results of this study indicate that HD patients were 
more likely than PD patients to be infected with SARS-
CoV-2 in our hospital (RR = 4.07, 95%; CI: 1.46–11.35). 
We speculate that patients on PD had less hospital expo-
sure than did patients on HD, which may reduce their risk 
of contracting COVID-19 during this early period of the 
COVID-19 outbreak. Furthermore, PD patients and their 
families practiced a routine that required them to wear 
masks and use hand hygiene when performing PD opera-
tions according to the Standard Operating Procedure, [7] 
which may objectively block the transmission of droplets 
or contact transmission risk. In addition, ultraviolet radia-
tion was also routinely applied to disinfect materials and the 
environment around PD patients. In contrast, there was no 
such compulsory requirement for HD patients at home [8]. 
On January 13th, after the first HD patient was diagnosed 
with COVID-19, emergency infection prevention measures 
were implemented in our hemodialysis unit. In addition to 
vigorous environmental cleaning, these infection prevention 
measures included but were not limited to prescreening all 
patients and visitors on arrival at the hospital, offering face 
masks and hand hygiene, designating clinical times for dialy-
sis patients and isolating dialysis patients from other patient 
populations. As a result, none of the 21 HD&PD patients 
were infected with SARS-CoV-2, which further strengthened 
the importance of wearing masks and hand hygiene and dis-
infection as self-protection during the COVID-19 epidemic. 
Furthermore, the citywide lockdown on January 23th signifi-
cantly decreased the risk of cross infections among the gen-
eral population, emphasizing the efficacies of home isolation 
and infection prevention measures in the hemodialysis unit. 
It also has a significant effect on guiding the management 
process and detailed rules of dialysis centers in the future.

The most common symptoms at the onset of illness we 
observed were fever cough, fatigue, lymphopenia, elevated 
levels of C-reactive protein and abnormal chest computed 
tomographic scans with ground-glass opacities. These clini-
cal characteristics of the onset of illness were consistent with 
the latest studies [5, 9–11]. It is worth noting that more than 
half of the HD patients had pleural effusion or pericardial 
effusion, which may be related to uremia.

The unexpectedly increased mortality rate during the 
COVID-19 epidemic is being caused by COVID-19 infec-
tion, and the infection seriously threatens the health of 
people with uremia. However, during the COVID-19 epi-
demic, deaths from all causes excluding COVID-19 can-
not be ignored. Conventional treatments such as regular 
dialyses are still vital for dialysis patients. Therefore, it 
is not wise to discontinue dialysis treatments, even dur-
ing the COVID-19 outbreak, since dialysis patients are at 
high risk for serious complications and even death.

The publication by the Columbia University Vagelos 
College of Physicians Working Group describes the prin-
cipal elements of their response, early lessons learned 
during the pandemic in New York City and the major 
reconfigurations of services [12]. Similarly, for dialysis 
patients infected with SARS-CoV-2, we have taken suf-
ficient protective measures, such as isolation measures, 
separate dialysis machines and dialysis nurses. However, 
we focused on different populations. Furthermore, we only 
statistically analyzed patients with maintenance dialysis, 
whereas patients with acute kidney injury or kidney trans-
plants were not included in our study.

In summary, patients on hemodialysis have a higher 
risk of SARS-CoV-2 infection than do patients on perito-
neal dialysis. We suggest that special protections, includ-
ing screening close contacts to minimize potential viral 
exposure, are required. COVID-19 seriously threatens 
the health of people with uremia, though death from all 
causes excluding COVID-19 cannot be ignored during the 
COVID-19 epidemic. Therefore, it is not wise to discon-
tinue dialysis treatments, even during the COVID-19 out-
break, since dialysis patients are at high risk for serious 
complications and even death.
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