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Abstract

Introduction: Maintenance hemodialysis (MHD) patients are
highly vulnerable to severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection. Medical staff of dialysis
facilities without sufficient biosecurity protection are sus-
ceptible once exposed to asymptomatic coronavirus disease
2019 (COVID-19) patients. This study evaluated the epide-
miological characteristics of COVID-19 in all MHD patients
and medical staff of dialysis facilities in Wuhan, China. Meth-
ods: We collected COVID-19 morbidity and mortality data
from MHD patients and medical staff from 52 hemodialysis
centers in Wuhan. Then, we analyzed the symptoms and
signs of patients and staff in our hospital (Tongji Hospital in
Wuhan), and chest CT, SARS-CoV-2 nucleic acid detection
and laboratory tests were performed. After aggressive quar-
antine of the COVID-19 patients, we followed up on the prog-

nosis of them. Results: We analyzed the hemodialysis data
from Wuhan and found that 10% of MHD patients and 6.0%
of medical staff were suspected of COVID-19. Further detec-
tion of SARS-CoV-2 nucleic acid showed that 1.7% of MHD
patients and 2.9% of medical staff were confirmed as having
COVID-19. In our facility, 18.9% (46/244) of patients and 9.5%
(6/63) of medical staff were suspected of COVID-19. Among
them, 2.9% (7/244) of MHD patients and 4.8% (3/63) of med-
ical staff tested positive for SARS-CoV-2 were confirmed as
having COVID-19. Interestingly, 87.0% of MHD patients sus-
pected of COVID-19 did not have obvious symptoms, but the
CT screening showed features of viral pneumonia. There
were no significant differences in symptoms, CT findings, co-
morbidity and laboratory findings of SARS-CoV-2 nucleic-ac-
id-positive and -negative patients. We followed up these pa-
tients and found that 57 patients with COVID-19 died (COV-
ID-19 mortality 8.9%). Two patients from our dialysis center
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with COVID-19 (mortality 4.3%) died. No new infections oc-
curred in our dialysis center after aggressive quarantine was
initiated. Conclusions: The SARS-CoV-2 infection rates in
MHD patients and medical staff in dialysis facilities were both
high in Wuhan. Frequent chest CT and SARS-CoV-2 nucleic
acid detection were needed to screen COVID-19 patients in
dialysis facilities. Through the lessons of this experience on
the aggressive diagnosis and quarantine measures of COV-
ID-19 patients, we hope medical staff avoid more infections

in serious epidemic areas. © 2020 The Author(s)
Published by S. Karger AG, Basel

Wuhan was one of the most seriously affected cities
by the epidemic of coronavirus disease 2019 (COV-
ID-19). In the early stage of the epidemic, many patients
came to the Fever Clinic, and the medical staff lacked
personal protection equipment, which caused a large
number of medical staff members to be infected with
COVID-19 in January 2020. However, the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) nu-
cleic acid detection kits were relatively insensitive, with
low sensitivity in the early stage, which caused lots of
missed diagnoses. Chest CT screening for the patients
was much more liable to be performed in China (inex-
pensive and fast results). In the background of this
abominable situation, the New Coronavirus Pneumonia
Prevention and Control Program (5th edition, in Chi-
nese), published by the National Health Commission of
China [1], recommended that the clinical diagnosis of
COVID-19 patients include a thorough history of epide-
miology (residential location, close contact with COV-
ID-19 patient), clinical symptoms, lymphocyte count
and chest CT screening, regardless of whether SARS-
CoV-2 nucleic acid detection was positive or negative.
After that, all patients clinically diagnosed with COV-
ID-19 were quarantined. According to the latest diag-
nostic guidelines issued by the National Health Com-
mission of China (7th edition) [2], these patients with
clinical diagnosis of COVID-19 (suspected cases) need
to be further tested for SARS-CoV-2 nucleic acid, anti-
SARS-CoV-2 antibody and blood routine etc. The pa-
tients with positive nucleic acid were finally confirmed
as COVID-19 and transferred to the designated hospi-
tals for further treatment. From these aggressive diag-
nostic criteria and quarantine measures in the early
stage (from February), the epidemic of COVID-19 was
controlled throughout the city of Wuhan, including
among hemodialysis (HD) patients and medical staff in
dialysis facilities.
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End-stage renal disease is an increasingly burdensome
disease worldwide, and approximately 63-89.1% of af-
fected patients require maintenance hemodialysis (MHD)
[3]. MHD patients in Wuhan were a special group be-
cause, during this epidemic, they could not be isolated at
home as the general population. MHD patients and their
accompanying family members had to travel back and
forth between home and the hospital two to three times a
week for HD treatment and stay for more than 4 h in
closed and crowded HD centers. Therefore, highly sus-
ceptible MHD patients with a missed diagnosis of COV-
ID-19 might become potential sources of infection. The
clinical characteristics and epidemiology of SARS-CoV-2
infection in MHD patients in Wuhan are unclear.

Urgent questions need to be addressed to promptly dis-
criminate potential infection and to quarantine to prevent
HD patients and medical staff from infection. In this study,
we aimed to describe the epidemiological, clinical, labora-
tory, and radiological characteristics of COVID-19 in
MHD patients and medical staff. We hope to attract atten-
tion to this specific population and reduce the infection
rate through aggressive diagnosis and quarantine of CO-
VID-19 patients and medical staff during this epidemic.

Methods

Study Design, Setting and Participation

From February 1 to February 14, 2020, we collected data from
52 dialysis facilities in Wuhan from the Hemodialysis Quality
Control Center of Wuhan, including the name of the hospitals and
the numbers of MHD patients and medical staff with chest CT
screening and SARS-CoV-2 nucleic acid detection, and we fol-
lowed up on the survival outcome of these individuals.

All MHD patients and medical staff in three HD centers were
screened, including Tongji Hospital Main Campus, Optical Valley
Branch, and Sino-French New City Branch of Tongji Hospital Af-
filiated with Tongji Medical College, Huazhong University of Sci-
ence and Technology. We collected data on the history of expo-
sure, symptoms and signs for all subjects. In addition, routine
blood tests, blood biochemistry analysis, hypersensitive CRP
(hCRP) analysis, chest CT screening and SARS-CoV-2 nucleic
acid detection (Chinese Center for Disease Control and Preven-
tion [CDC] recommended kit [BioGerm, Shanghai, China]) of na-
sopharyngeal swab specimens were performed for all dialysis pa-
tients [4, 5].

All information was obtained and managed through estab-
lished data collection forms. We reviewed clinical records, labora-
tory findings and chest CT scans for all enrolled HD patients. All
data were checked by two physicians (Junhua Li and Hao Pan).
All patients were diagnosed by consultation through three CO-
VID-19 experts from our hospital according to the New Corona-
virus Pneumonia Prevention and Control Program (7th edition,
in Chinese), published by the National Health Commission of
China.
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639 (10%) MHD
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required to have
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244 MHD patients in Tongji examination

Suspected of COVID-19:
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University of Science and

39 (16.0%)MHD patients
3 (4.8%) medical staff

Technology from

Medical College, Huazhong
Jan 29 to Feb 15, 2020 J

Uninfected with COVID-19:
198 (81.1%) MHD patients
57 (90.5%) medical staff

Fig. 1. Flowchart showing recruitment of participants and grouping. a Recruitment of participants in 52 HD cen-
ters in Wuhan. b Recruitment of participants and grouping in our hospital.

Procedures and Management

The demographic and epidemiological data, signs and symp-
toms, laboratory results and radiological characteristics were re-
viewed. The results of patients suspected of COVID-19 were com-
pared with those of uninfected patients from our hospital. Subse-
quently, all patients with suspected infection were tested for
SARS-CoV-2 nucleic acid, and the data of nucleic-acid-positive
and -negative patients were compared.

In dialysis facilities, all dialysis patients suspected of COV-
ID-19 were isolated in a dedicated area of the last shift of the di-
alysis units to separate them from uninfected patients, and patients
with positive SARS-CoV-2 nucleic acid were transferred to COV-
ID-19-designated hospitals. The medical staff treated them with
standard protection during dialysis treatment. We treated these
suspected patients with Lianhua Qingwen capsules and Jinye Bai-
du granule (traditional Chinese medicine). Beyond that, when the
patients became worse or critical, they were sent to isolation wards
in COVID-19-designated hospitals.

Outcomes

We followed up the cases of suspected COVID-19 patients with
prognosis in Wuhan dialysis facilities until April 1, 2020. The sur-
vival of the patients was analyzed, and chest CT and laboratory
tests for routine blood parameters were also performed repeatedly
in our hospital.

Definition

In the data of our hospital, patients with clinical diagnosis of
COVID-19 (suspected cases) refer to the typical manifestations of
viral pneumonia on the chest CT scan of the patient without SARS-
CoV-2 nucleic acid detection; patients confirmed as having COV-
ID-19 refer to the typical manifestations of viral pneumonia on the
chest CT scan and were tested SARS-CoV-2 nucleic acid positive.

COVID-19 in MHD Patients and Medical
Staff in Wuhan

Statistical Analyses

GraphPad Prism 6 (GraphPad Software, USA) and SPSS 23.0
(IBM Corporation, Armonk, NY, USA) were used for statistical
analysis and visualization. To show the normal distribution of
variables, the Kolmogorov-Smirnov test was used. Continuous
parametric data were expressed as the mean (standard deviation),
and the f test was used for univariate comparisons. Continuous
nonparametric data were expressed as the median (interquartile
range), and the Kruskal-Wallis test was used for univariate com-
parisons. Categorical data were expressed as frequencies (percent-
ages), and the ¥ test, Fisher’s exact test and x> with Yates’ correc-
tion were used to compare variables. A two-tailed p < 0.05 was
considered statistically significant.

Results

HD Patients and Medical Staff in HD Facilities in

Wuhan

From February 1 to February 14, 2020, 52 HD centers
from Wuhan were identified and included in this study.
As shown in Figure 2a and b, a total of 6,377 MHD pa-
tients were eligible. There were 639 patients (10.0%) sus-
pected of COVID-19 in 52 dialysis facilities according to
the data of the Hemodialysis Quality Control Center of
Wuhan. Among them, 109 (1.7%) HD patients were con-
firmed as having COVID-19 from 23 HD centers (44.2%).
All these patients suspected of COVID-19 were isolated
in a dedicated area of the last shift of the dialysis unit, and
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Fig. 2. Summary of COVID-19 epidemiological features in maintenance hemodialysis (MHD) patients and med-
ical staff in 52 hemodialysis centers in Wuhan, China. a COVID-19 data of MHD patients in 52 dialysis centers.
b SARS-CoV-2 infected and uninfected proportions in MHD patients. ¢ Survival and mortality of MHD patients
with COVID-19 in 52 dialysis centers. d COVID-19 data of medical staff in 52 dialysis centers. e SARS-CoV-2
infected and uninfected proportions in medical staff.

then after SARS-CoV-2 nucleic acid detection, patients
confirmed as having COVID-19 and critically ill patients
were transferred to COVID-19-designated hospitals
(Fig. 1a, 2).

There were 959 medical staff (including doctors, nurs-
es, and technicians) working in these 52 dialysis centers
(Fig. 2d, e), and 58 (6%) medical staff were suspected of
COVID-19 and were quarantined and treated. Overall 28
(2.9%) medical staffs were confirmed as having COV-
ID-19 from 13 HD centers (25.0%) and were transferred
to COVID-19-designated hospitals (Fig. 1a, 2).

We followed up these patients and staff until April 1,
2020, and there were 216 deaths (total mortality 3.4%) of
HD patients in Wuhan, including 57 due to COVID-19
(COVID-19 mortality 8.9%) during this period (Fig. 2c).
Among the medical staff analyzed, there were no deaths
during this epidemic.
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HD Patients and Medical Staff in Our Dialysis Center

By February 15, 2020, our study had enrolled a total of
244 MHD patients in our hospital (Fig. 1b). The median
age of the patients was 55 years (range, 13-86), and the
study population included 160 males (65.6%) and 84 fe-
males (34.4%). Among these patients, the primary disease
causing renal failure was chronic nephritis [176 (72.1%)],
followed by diabetes mellitus [32 (13.1%)] and hyperten-
sion [14 (5.7%)]. Hypertension [216 (88.5%)], diabetes
[43 (17.6%)], coronary atherosclerotic heart disease [16
(6.6%)], and gout [9 (3.7%)] were the most common co-
existing diseases. HD/hemodiafiltration (HDF) [138
(56.8%)], HD [72 (29.6%)], and HDF [25 (10.3%)] were
the three most common dialysis modes (Table 1).

Of the 244 HD patients, 46 HD patients (18.9%) were
suspected of COVID-19 by expert consultation in our
hospital, and the other 198 patients (81.1%) were assigned
to the COVID-19 uninfected group. There was no sig-

Lietal.



Table 1. Demographics and clinical characteristics of maintenance hemodialysis patients between suspected of COVID-19 and unin-

fected with COVID-19

Parameters Total Suspected of Uninfected with p
(n=244) COVID-19 COVID-19
(n =46) (n=198)
N (%) 244 (100) 46 (18.9) 198 (81.1)
Age 0.627°
Mean, years 55.0 60.0 55.0
Standard deviation 43.3-67.0 44.8-66.0 43.0-68.0
Range, years 13-86 23-81 13-86
Sex 0.773%
Male, n (%) 160 (65.6) 31(67.4) 129 (65.2)
Female, 1 (%) 84 (34.4) 15 (32.6) 69 (34.8)
Symptoms
Fever, n (%) 7 (2.9) 3 (6.5) 4(2.0) 0.2474
Fatigue, n (%) 4(1.6) 4(8.7) 0 0.001%**¢
Cough, 1 (%) 2(0.8) 2(4.3) 0 0.035*¢
Expectoration, 1 (%) 2(0.8) 2(4.3) 0 0.035%*¢
No obvious symptoms, 7 (%) 234 (95.9) 40 (87.0) 194 (98.0) 0.003%+d
Primary disease
Chronic nephritis, 7 (%) 176 (72.1) 28 (60.9) 148 (74.7) 0.0592
Hypertension, n (%) 14 (5.7) 2 (4.3) 12 (6.1) 0.9224
Diabetes mellitus, #n (%) 32 (13.1) 10 (21.7) 22 (11.1) 0.054*
Obstructive nephropathy, # (%) 2(0.8) 2 (4.3) 0 0.035%*¢
Polycystic kidney, n (%) 6(2.5) 0(0) 6 (3.0) 0.598¢
Gouty nephropathy, n (%) 6(2.5) 2 (4.3) 4(2.0) 0.6974
Lupus nephritis, n (%) 7 (2.9) 2 (4.3) 5(2.5) 0.8604
Other, n (%) 1(0.4) 0 1(0.5) >0.9999¢
Any comorbidity
Hypertension, n (%) 216 (88.5) 28 (60.9) 188 (94.9) <0.0001%#**2
Diabetes mellitus, n (%) 43 (17.6) 12 (26.1) 31(15.7) 0.0942
Coronary atherosclerotic, n (%) 16 (6.6) 4(8.7) 12 (6.1) 0.7494
Heart disease, 1 (%)
Heart failure 5(2.0) 3(6.5) 2(1.0) 0.072¢
Gout 9(3.7) 2(4.3) 7 (3.5) 0.864¢
Cerebrovascular disease 2(0.8) 0(0) 2 (1.0) >0.9999¢
Renal transplantation 6(2.5) 2(4.3) 4(2.0) 0.6974
Tumor, 1 (%) 1(0.4) 0 1(0.5) >0.9999¢
Chronic hepatitis B virus, n (%) 10 (4.1) 4(8.7) 6 (3.0) 0.1834
Chronic hepatitis C virus, n (%) 2(0.8) 0 2 (1.0) >0.9999¢
Syphilis, 7 (%) 3(1.2) 2 (4.8) 1(0.5) 0.092¢
HIV infection, n (%) 0 0 0 -
Gallbladder stone disease, n (%) 14 (5.7) 5(10.9) 9 (4.5) 0.1904
Mode of dialysis <0.0001*
HD 72 (29.6) 7 (15.2) 65 (33.0)
HDF 25(10.3) 3(6.5) 22(11.2)
HD+HDF 138 (56.8) 29 (63.0) 109 (55.3)
HD+HP 1(0.4) 1(2.2%) 0
HD+HDF+HP 7 (2.9) 6 (13.0) 1(0.5)

COVID-19 in MHD Patients and Medical

Staff in Wuhan
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Table 1 (continued)

Parameters Total Suspected of Uninfected with

(n=244) COVID-19 COVID-19

(n =46) (n=198)

Laboratory findings
White blood cell count, median (IQR), 10°/L 5.7 (4.7-6.7) 6.3 (5.2-7.1) 5.5 (4.7-6.7) 0.121°
Neutrophil ratio, median (IQR), % 69.6 (64.1-74.3) 73.0 (68.1-78.3) 68.7 (63.5-73.7) 0.017%Pb
Neutrophil count, median (IQR), 10°/L 4.0 (3.2-4.7) 4.5 (3.7-5.0) 3.8 (3.1-4.6) 0.038%P
Lymphocyte ratio, mean (SD), % 19.2 (7.0) 14.9 (5.5) 20.1 (6.9) 0.001**¢
Lymphocyte count, median (IQR), 10°/L 1.0 (0.8-1.3) 0.9 (0.6-1.2) 1.0 (0.8-1.3) 0.033%b
Monocyte ratio, median (IQR), % 7.5 (6.3-9.1) 7.7 (6.7-9.3) 7.4 (6.1-8.9) 0.330°
Monocyte count, median (IQR), 10°/L 0.4 (0.3-0.6) 0.5 (0.4-0.6) 0.4 (0.3-0.6) 0.113P
Hemoglobin, mean (SD), g/L 114.8 (18.0) 112.7 (20.4) 115.3 (17.5) 0.538¢
Platelet, mean (SD), 10°/L 173.8 (58.6) 172.5 (52.6) 174.1 (60.0) 0.904¢
Alanine aminotransferase, median (IQR), U/L 8.0 (5.0-12.0) 12.0 (6.0-18.0) 8.0 (5.0-11.0) 0.022%Pb
Aspartate aminotransferase, median (IQR), U/L 12.0 (8.0-17.0) 14.0 (8.0-17.0) 11.5(8.3-16.8) 0.695°
Total protein, mean (SD), g/L 67.4 (4.8) 67.0 (5.3) 67.5 (4.7) 0.720°¢
Albumin, mean (SD), g/L 39.2 (4.3) 38.6 (5.5) 39.4 (4.0) 0.545¢
Globulin, mean (SD), g/L 28.2 (4.3) 28.3(3.8) 28.2 (4.4) 0.895¢
Lactate dehydrogenase, median (IQR), U/L 196.5 (174.5-240.5)  227.0 (208.8-249.3) 187.5(170.0-235.3)  0.012%°
Alkaline phosphatase, median (IQR), U/L 80.0 (66.5-96.0) 83.0(61.3-103.8) 80.0 (68.0-95.0) 0.921°
Potassium, mean (SD), mmol/L 5.3 (0.8) 5.2 (0.7) 5.3 (0.8) 0.562°¢
Phosphorus, mean (SD), mmol/L 2.0 (0.8) 1.9 (0.6) 2.0 (0.8) 0.437¢
hCRP, median (IQR), mg/L 1.8 (0.7-4.4) 2.4 (1.4-10.4) 1.6 (0.7-4.1) 0.151°
Parathyroid hormone, median (IQR), pg/mL 306.5 (188.2-552.7)  292.0 (234.3-573.6) 315.3 (187.0-552.7) 0.889°

Values are expressed as mean (standard deviation), median (25th-75th percentile) or n (%). COVID-19, coronavirus disease 2019;
CT, computed tomography; IQR, interquartile range; SD, standard deviation; HD, hemodialysis, HDF, hemodiafiltration, HP, hemo-
perfusion; HIV, human immunodeficiency virus; hCRP, hypersensitive C-reactive protein. *x* test. ® Mann-Whitney U test. < test. 42

with Yates’ correction. ¢ Fisher’s exact test.

nificant difference in the median age between the patients
suspected of COVID-19 and the uninfected patients (55.0
vs. 60.0, p > 0.05) or in sex. Comparison symptoms be-
tween the patients suspected of COVID-19 and the unin-
fected patients showed the proportions of patients with
fever [3 (6.5%) vs. 4 (2.0), p > 0.05], fatigue [4 (8.7%) vs.
0, p < 0.05], cough [2 (4.3%) vs. 0, p < 0.05], and expecto-
ration [2 (4.3%) vs. 0, p < 0.05]. However, the symptoms
were all rare, showing a proportion with no obvious
symptoms up to 87 and 98% in the suspected group and
uninfected group, respectively (Table 1).

Among the primary diseases, there was no difference
between the two groups, but it was demonstrated that the
proportion of patients having diabetes mellitus in the sus-
pected COVID-19 group seemed higher than that in the
uninfected group [10 (21.7%) vs. 22 (11.1%), p = 0.054].
Among the comorbidities, the proportion of patients
having hypertension was significantly different between
the suspected COVID-19 group and the uninfected group
[28 (60.9%) vs. 188 (94.9%), p < 0.05], but there was no
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difference in other comorbidities, including diabetes mel-
litus. In the analysis of dialysis modes, the COVID-19
group was different from the uninfected group (p < 0.05),
but the data were limited; therefore, we could not deter-
mine which mode was better to prevent infection. The
proportion of patients undergoing HDF in the uninfected
group (22 [11.2%]) seemed much higher than that in the
suspected COVID-19 group (3 [6.5%]) (Table 1).
Regarding laboratory tests, there were significant dif-
ferences between the suspected COVID-19 group and the
uninfected group in neutrophil ratio (73.0 vs. 68.7%, p <
0.05), neutrophil count (4.5 x 10%/L vs. 3.8 x 10°/L, p <
0.05), lymphocyte ratio (14.9 vs. 20.1%, p < 0.05), lym-
phocyte count (0.90 x 10°/L vs. 1.0 x 10°/L, p < 0.05) and
lactate dehydrogenase level (227.0 vs. 187.5 U/L, p < 0.05).
However, no difference was found between the COV-
ID-19 group and the uninfected group in white blood cell
count (6.3 x 10%/L vs. 5.5 x 10°/L, p > 0.05), hemoglobin
level (112.7 vs. 115.3 g/L, p > 0.05), platelet counts (172.5
x 10°/Lvs. 174.1 x 10°/L, p > 0.05), albumin level (38.6 vs.

Lietal.



Table 2. Comparison of demographics and clinical characteristics of SARS-CoV-2 positive group and SARS-CoV-2 negative group in
suspected COVID-19 maintenance hemodialysis patients

Parameters All patients SARS-CoV-2 SARS-CoV-2 p
(n=46) positive (n =7) negative (n = 39)
Age 0.994°
Median, years 60.0 59.0 60.0
IQR, years 44.8-66.0 48.0-66.0 44.0-70.0
Range, years 23-81 39-66 39-66
Sex 0.8494
Male, n (%) 31 (67.4) 4(57.1) 27 (69.2)
Female, n (%) 15 (32.6) 3(42.9) 12 (30.8)
Symptoms
Fever, n (%) 3(6.5) 1(14.3) 2 (5.1) 0.398¢
Fatigue, n (%) 4(8.7) 0 4(10.3) >0.9999¢
Cough, 1 (%) 2 (4.3) 0 2(5.1) >0.9999¢
Expectoration, n (%) 2 (4.3) 0 2 (5.1) >0.9999¢
No obvious symptoms, 1 (%) 40 (87.0) 6 (85.7) 34 (87.2) >0.9999¢
Dry weight, median (IQR), kg 59.0 (43.4-66.4) 57.7 (37.3-67.9) 59.0 (43.0-66.3) 0.877°
CT findings
Unilateral lung, n (%) 16 (34.8) 3 (42.9) 13 (33.3) 0.9554
Bilateral lung, n (%) 30 (65.2) 4(57.1) 26 (66.7) 0.955¢
Lobes
One lobes, 1 (%) 13 (28.3) 2 (28.6) 11 (28.2) 0.6634
Two lobes, 1 (%) 8(17.4) 0 8 (20.5) 0.325¢
Three lobes, 1 (%) 6 (13.0) 1(14.3) 5(12.8) >0.9999¢
Four lobes, n (%) 2 (4.8) 0 2 (5.1) >0.9999¢
Five lobes, n (%) 17 (37.0) 4(57.1) 13 (33.3) 0.438¢
Involved lung zones
Upper lobes, n (%) 37 (80.4) 5(71.4) 32(82.1) 0.8934
Middle lobes, 1 (%) 24 (52.2) 5(71.4) 19 (48.7) 0.4864
Lower lobes, 1 (%) 35 (76.1) 7 (100) 28 (71.8) 0.171¢
Subpleural lesions, n (%) 7 (15.2) 1(14.3) 6 (15.4) 0.6194
Ground-glass opacity, 1 (%) 19 (41.3) 3 (42.9) 16 (41.0) 0.7444
Lymphadenopathy, n (%) 14 (30.4) 4(57.1) 10 (25.6) 0.2224
Pulmonary bullae, n (%) 2 (4.8) 0 2(5.1) >0.9999¢
Emphysema, n (%) 3 (6.5) 1(14.3) 2 (5.1) 0.398¢
Pulmonary edema, # (%) 2 (4.8) 0 2 (5.1) >0.9999¢
Pleural thickening , n (%) 14 (30.4) 4(57.1) 10 (25.6) 0.2224
Pleural effusion, n (%) 14 (30.4) 3 (42.9) 11 (28.2) 0.7424
Unilateral, 7 (%) 7 (15.2) 1(14.3) 6 (15.4) 0.619¢
Bilateral, 71 (%) 7 (15.2) 2 (28.6) 5(12.8) 0.619¢
Aortic calcification, n (%) 26 (56.5) 2(28.6) 24 (61.3) 0.2284
Coronary artery calcification, 7 (%) 26 (56.5) 3 (42.9) 23 (59.0) 0.7054
Pericardial effusion, #n (%) 12 (26.1) 4(57.1) 8 (20.5) 0.1184
Left atrial enlargement, #n (%) 12 (26.1) 3(42.9) 9(23.1) 0.5294
Left ventricular enlargement, n (%) 11 (23.9) 3 (42.9) 8 (20.5) 0.4274
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Table 2 (continued)

Parameters All patients SARS-CoV-2 SARS-CoV-2 p
(n=46) positive (n =7) negative (n = 39)

Any comorbidity
Hypertension, n (%) 23 (50.0) 3 (42.9) 20 (51.3) >0.99994
Diabetes, 1 (%) 11 (23.9) 3 (42.9) 8 (20.5) 0.4274
Heart disease, n (%) 4(8.7) 0 4(10.3) >0.9999¢
Malignancy, #n (%) 0 0 0 -
Chronic hepatitis B virus, n (%) 4(8.7) 1(14.3) 3(7.7) 0.496¢
Chronic hepatitis C virus, #n (%) 0 0 0 -
Syphilis, n (%) 2(4.8) 0 2 (5.1) >0.9999¢
HIV infection, n (%) 0 0 0 -
Gallbladder stone disease, 1 (%) 5(10.9) 0 5(12.8) >0.9999¢
Dialysis
Dialysis route >0.9999¢

Arteriovenous fistula, 7 (%) 27 (64.3) 5(71.4) 22 (56.4)

Central venous catheters, n (%) 15 (35.7) 2 (28.6) 13 (33.3)
Mode of dialysis 0.682*

HD, n (%) 7 (15.2) 1(14.3) 6 (15.4)

HDF, n (%) 3 (6.5) 0 3(7.7)

HD+HDF, 1 (%) 29 (63.0) 4(57.1) 25 (64.1)

HD+HP, n (%) 1(2.2%) 0 1(2.6)

HD+HDF+HP, n (%) 6(13.0) 2 (28.6) 4(10.3)
Anticoagulant used in hemodialysis >0.9999¢

Heparin, n (%) 40 (95.2) 7 (100) 33 (84.6)

No heparin, n (%) 2(4.8) 0 2 (5.7)
Dehydration, mean (SD), L 2.2 (1.0) 1.8 (0.8) 2.3(1.1) 0.250°¢
Laboratory findings
White blood cell count, median (IQR), 10°/L 6.3 (5.2-7.1) 5.4 (2.6-6.4) 6.5 (5.5-7.9) 0.151°
Neutrophil ratio, median (IQR), % 73.0 (68.1-78.3) 77.0 (64.5-87.8) 72.8 (68.1-75.3) 0.442°
Neutrophil count, median (IQR), 10°/L 4.5 (3.7-5.0) 4.4 (1.9-5.0) 4.5 (3.7-5.0) 0.585°
Lymphocyte ratio, mean (SD), % 14.9 (5.5) 13.2(5.4) 15.3 (5.6) 0.494¢
Lymphocyte count, median (IQR), 10°/L 0.9 (0.6-1.2) 0.5 (0.4-0.9) 0.7 (0.4-1.2) 0.051°
Monocyte ratio, median (IQR), % 7.7 (6.7-9.3) 8.6 (3.5-16.3) 7.5 (6.7-8.9) 0.606°
Monocyte count, median (IQR), 10°/L 0.5 (0.4-0.6) 0.4 (0.2-0.6) 0.5 (0.4-0.6) 0.471°
Hemoglobin, mean (SD), g/L 112.7 (20.4) 114.0 (10.5) 112.4 (22.3) 0.891¢
Platelet, mean (SD), 10°/L 172.5 (52.6) 134.0 (23.3) 181.0 (53.9) 0.108¢
Potassium, mean (SD), mmol/L 5.2(0.7) 5.1 (0.5) 5.2 (0.8) 0.938¢
Phosphorus, mean (SD), mmol/L 1.9 (0.6) 1.6 (0.4) 2.0 (0.6) 0.257¢

Values are expressed as mean (SD), median (25th-75th percentile) or n (%). COVID-19, coronavirus disease 2019; CT, computed
tomography; IQR, interquartile range; SD, standard deviation; HD, hemodialysis, HDF, hemodiafiltration, HP, hemoperfusion. *x? test.
b Mann-Whitney U test. °¢ test. ¢ x? with Yates correction. ¢ Fisher’s exact test.

39.4 g/L, p > 0.05), or hCRP level (2.4 vs. 1. 6 mg/L, p >
0.05) (Table 1).

These patients suspected of COVID-19 were tested for
SARS-CoV-2 nucleic acid. 15.2% (7/46) tested positive
for SARS-CoV-2 nucleic acid, accounting for 2.9% of the
total study population. In 7 SARS-CoV-2 nucleic-acid-
positive patients, only 1 had fever, and the remaining 6
had no obvious symptoms. Interestingly, more than 80%
of MHD patients in the SARS-CoV-2 nucleic-acid-posi-
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tive or -negative group did not have any obvious clinical
symptoms (Table 2).

The CT screenings all showed features of viral pneumo-
nia in the patients suspected of COVID-19. Sixteen (34.8%)
MHD patients suspected of COVID-19 showed unilateral
pneumonia on chest CT, and the remaining 30 (65.2%) pa-
tients showed bilateral pneumonia. The affected lung lobes
ranged from 1 to 5, with 17 (37%) patients with all 5 lobes
infected. For the involved lung zones, the infection rates of
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Table 3. Comparison of MHD patients and medical staff suspected of COVID-19 before and after the quarantine

period
Parameters Before quarantine After quarantine
MHD patients, n n =46 n=44
Clinical symptoms
Related clinical symptoms*, 1 (%) 6 (13.0) 0(0)
No obvious symptoms, 1 (%) 40 (87.0) 44 (100)
Laboratory findings
White blood cell count, median (IQR), 10°/L 6.3 (5.2-7.1) 5.7 (4.5-7.5)
Neutrophil ratio, median (IQR), % 73.0 (68.1-78.3) 67.7 (61.6-77.1)
Neutrophil count, median (IQR), 10°/L 4.5 (3.7-5.0) 4.0 (2.9-5.8)
Lymphocyte ratio, mean (SD), % 14.9 (5.5) 18.8 (8.0)
Lymphocyte count, median (IQR), 10°/L 0.9 (0.6-1.2) 1.1(0.8-1.2)
Monocyte ratio, median (IQR), % 7.7 (6.7-9.3) 8.1 (6.9-9.8)
Monocyte count, median (IQR), 10°/L 0.5 (0.4-0.6) 0.5 (0.4-0.6)
Hemoglobin, mean (SD), g/L 112.7 (20.4) 106.4 (16.9)
Platelet, mean (SD), 10°/L 172.5 (52.6) 182.4 (65.2)
Outcome
MHD patients
Critical patients, n (%) 7 (15.2) 0
Cure, 1 (%) - 44 (95.7)
Death, n (%) - 2 (4.3)
Medical staff, n n=63 n=63
Staff with COVID-19, n (%) 6 (9.5) 0
Cure, 1 (%) 0 6(9.5)
Death, n (%) 0 0

Values are expressed as mean (standard deviation), median (25th-75th percentile) or n (%). COVID-19, coro-
navirus disease 2019; CT, computed tomography; IQR, interquartile range; SD, standard deviation; * Related
clinical symptoms: fever, fatigue, cough, expectoration.

the upper, middle and lower lobes were 80.4, 52.2 and
76.1%, respectively. Nineteen (41.3%) MHD patients sus-
pected of COVID-19 had ground-glass opacities on chest
CT. In the SARS-CoV-2 nucleic-acid-positive and -nega-
tive groups, the proportion of unilateral pneumonia was
42.9 and 33.3% (p > 0.05), and the proportion of bilateral
pneumonia was 57.1 and 66.7% (p > 0.05), respectively. As
for the affected lobes, the proportion of all 5 lobes affected
in the nucleic-acid-positive group was higher than that in
the nucleic-acid-negative group (57.1 vs. 33.3%), but there
was no statistically significant difference (p > 0.05). The
proportion of ground-glass opacity in chest CT of the two
groups was 42.9 and 41%, respectively (p > 0.05) (Table 2).

As for laboratory tests, the white blood cell count (5.4
vs. 6.5 10%/L, p > 0.05), lymphocyte ratio (13.2 vs. 15.3%,
p > 0.05), and lymphocyte count (0.5 vs. 0.7 x 10°/L, p >
0.05) of the SARS-CoV-2 nucleic-acid-positive group
were lower than those of the SARS-CoV-2 nucleic-acid-
negative group. In general, there were no significant dif-

COVID-19 in MHD Patients and Medical
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ferences in age, sex, symptoms, CT findings, comorbidity
and laboratory findings of SARS-CoV-2 nucleic-acid-
positive and -negative patients (Table 2).

As mentioned above, 46 patients suspected of COV-
ID-19 in our dialysis center were isolated in the dedicated
area of the last shift of the dialysis unit, of whom 14 (30.4%)
COVID-19 (critically ill and confirmed) patients were
transferred to COVID-19-designated hospitals. All patients
considered as COVID-19 were followed up until April 1,
2020. During the epidemic period, 2 critically ill patients
with COVID-19 died, with an overall mortality rate of 4.3%.
Except for the 2 patients who died, the other 44 patients had
no clinical symptoms after isolation and treatment, and re-
examination of chest CT showed no signs of viral pneumo-
nia. After the treatment during the quarantine period, the
lymphocyte count and ratio of the MHD patients were
slightly higher than those before treatment, while the neu-
trophil count and ratio decreased. The results of other rou-
tine blood tests fluctuated slightly (Table 3).
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By February 15, 2020, 6 (9.5%) of the 63 medical staff
members studied were suspected of COVID-19 and 3
(4.8%) medical staff were confirmed as COVID-19, and
all of them were cured through treatment and were quar-
antined; no new infections occurred after quarantine was
initiated (Table 3).

Discussion

In this retrospective study, we found that 10% of MHD
patients and 6.0% of medical staff in the dialysis facilities
of Wuhan were suspected of COVID-19, among which
the proportion of MHD patients and medical staff con-
firmed by SARS-CoV-2 nucleic acid accounted for 1.7%
and 2.9%, respectively. The SARS-CoV-2 infection rates
in MHD patients and related medical staff were relatively
high in Wuhan. Due to the effects of various uremic tox-
ins, impaired cellular and humoral immune functions,
and the long-term protein energy malnutrition, patients
with renal failure are poorly resistant to pathogens [6, 7].
Therefore, HD patients are particularly vulnerable to re-
spiratory pathogens and severe pneumonia. Kwan et al.
[8] found that there was a higher morbidity of SARS in
MHD patients than in the general population in 2003. In
addition, HD patients have to commute from home to the
dialysis center every other day, which places these pa-
tients at a higher risk of virus infection and might make
SARS-CoV-2 infection more widespread. The infected
proportions of the MHD patients (18.9%) and medical
staff (9.5%) in our hospital were all much higher than the
data from another hospital (1.2%, total medical staff mor-
bidity data of COVID-19 from Tongji Hospital). A lack
of staff (doctors and nurses) might add to the problems
in clinical work. The medical staff in dialysis facilities fre-
quently closely contacted these MHD patients, which
might place them at high risk of infection. On the other
hand, the lack of personal protection equipment in the
early stage of the epidemic made the situation worse.

Therefore, it is urgently necessary to take steps to di-
agnose and quarantine COVID-19 patients promptly.
The sensitivity of the SARS-CoV-2 nucleic acid detection
kits was much lower in the early stage of the epidemic in
Wuhan, but chest CT screening for the patients was much
more likely to be performed in China [9]. In this abomi-
nable situation, the New Coronavirus Pneumonia Pre-
vention and Control Program (5th edition, in Chinese),
published by the National Health Commission of China,
recommended guidelines for the clinical diagnosis of CO-
VID-19 for individuals in the most affected area, Wuhan
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[1]. All patients clinically diagnosed with COVID-19
were included in this study and strict quarantine mea-
sures were carried out regardless of whether these pa-
tients were positive for the SARS-CoV-2 nucleic acid test.
These clinical diagnoses of COVID-19 patients were vir-
tually the suspected COVID-19 patients according to the
7th edition guideline of China [2].

Chest CT manifestations of COVID-19 in MHD pa-
tients were similar to those in the general population,
mainly including unilateral or bilateral pneumonia, mul-
tiple patchy ground-glass shadows, and other rare CT
findings, including pulmonary consolidation [10, 11].
Previous studies have shown that chest CT images chang-
es rapidly in COVID-19 patients, and repeated CT ex-
amination is crucial for the identification of the disease
and the monitoring of its development [12, 13]. Fang et
al. [14] found that the sensitivity of chest CT was higher
than that of the SARS-CoV-2 nucleic acid test at initial
patient presentation (98 vs. 71%, p < 0.05). For MHD pa-
tients, the clinical symptoms of COVID-19 were not typ-
ical, which might mean that most of them had mild cases;
therefore, repeated chest CT examination was essential
for the early identification and diagnosis of COVID-19.
It was reported that some patients showed positive results
only after a second, third or even more SARS-CoV-2 nu-
cleic acid tests due to sampling or other reasons [14]. For
all MHD patients clinically diagnosed with COVID-19
(suspected cases, according to the 7th edition of the guide-
lines), viral nucleic acid tests need to be repeated when
conditions permit. Such aggressive diagnostic criteria
and quarantine measures might lead to the misdiagnosis
of some patients and increase the probability of false pos-
itives, but such aggressive quarantine measures could
avoid the problems of missed diagnosis and the further
spread of COVID-19 in dialysis centers. Of course, re-
peated detection of SARS-CoV-2 nucleic acid for those
suspected patients to confirm COVID-19 would be per-
formed during follow-up.

Among the primary diseases, the proportion of diabe-
tes in the group of patients suspected of COVID-19 infec-
tion seemed much higher than that in the uninfected
group [10 (21.7%) vs. 22 (11.1%), p = 0.054]. Among the
comorbidities, the proportion of patients with suspected
COVID-19 infection with hypertension was significantly
lower than that of patients without infection [28 (60.9%)
vs. 188 (94.9%), p < 0.05], which may indicate that MHD
patients with diabetes were more likely to be infected with
SARS-CoV-2 [15], and hypertension might play a posi-
tive role in preventing infection. This phenomenon re-
quires further explanation. A possible explanation is that
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people with diabetes had metabolic disorders, and indi-
viduals with low body immunity were more likely to be
infected with SARS-CoV-2 [16]. In addition, some MHD
patients without high blood pressure might suffer from
hypotension and malnourishment, which makes them
prone to infection [17]. In the analysis of dialysis modes,
the proportion of patients undergoing HDF in the unin-
fected group (22 [11.2%]) seemed much higher than that
in the suspected COVID-19 group (3 [6.5%]), but the data
were limited; therefore, we could not determine which
mode of dialysis was better to prevent infection.

AllMHD patients who tested positive for SARS-CoV-2
nucleic acid had mild or even no symptoms. Existing
studies have shown that among patients with confirmed
COVID-19 in the general population, approximately 77—
98% of patients had fever, 59-82% of patients had cough,
and 40-70% of patients had fatigue and other related clin-
ical symptoms [10, 18-20]. Compared with the general
population, the clinical symptoms of MHD patients diag-
nosed with COVID-19 were not obvious and were atypi-
cal, and most of them did not show hypoxemia. We found
that 85.7% of the SARS-CoV-2-positive MHD patients
and 87.0% of the MHD patients suspected of COVID-19
in our center had no obvious symptoms. It could be spec-
ulated that the immune dysfunction impaired by uremia
did not react to viral invasion and/or that effective hemo-
dialysis treatment might reduce the viral load in patients
[21]. Our data showed that in the analysis of modes of
dialysis, the group suspected of COVID-19 was different
from the uninfected group (p < 0.05), but the data were
limited. Previous studies have found that there were low-
er HBV and HCV loads after dialysis than before HD in
HD patients [22, 23]. The related mechanism was un-
clear, but it might be related to the destruction or clamp-
ing of virus particles on the dialyzer membrane during
dialysis [23]. It is unclear whether HD itself could reduce
the SARS-CoV-2 load, and the related mechanism needs
further study. Moreover, plenty of asymptomatic cases
demonstrated that some infected patients really were as-
ymptomatic [24-26].

Regarding laboratory tests, there were significant dif-
ferences between the suspected COVID-19 group and the
uninfected group in neutrophil ratio, neutrophil count,
lymphocyte ratio (14.9 vs. 20.1%, p < 0.05), lymphocyte
count (0.90 x 10%/L vs. 1.0 x 10°/L, p < 0.05) and lactate
dehydrogenase level. These data met our diagnostic crite-
ria, especially those of the lymphocyte count and ratio.
However, the lymphocyte count in all MHD patients de-
creased to 1.0 x 10°/L (normal reference range 1.1-3.2 x
10°/L), which might mean that all MHD patients had low

COVID-19 in MHD Patients and Medical
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immunity [27]. The level of the inflammatory factor
hCRP in the two groups was higher than the normal ref-
erence range, but there was no difference between the two
groups, which may be due to the long-term microinflam-
matory status in hemodialysis patients [28].

Undiagnosed COVID-19 in MHD patients might be a
potential source of infection. The MHD units belong to
the public area, with a high population and high fluidity.
If MHD patients infected with COVID-19 are not detect-
ed and isolated in a timely manner, it might lead to an
outbreak. All of the patients and medical staff in the HD
facility were in close contact, which could put all at risk
of infection. For example, in the Middle East respiratory
syndrome (MERS) outbreak in Saudi Arabia from April
1 to May 23, 2013, a total of 21 out of 23 infections were
acquired through human-to-human transmission in HD
units, intensive care units, or inpatient units in three dif-
ferent health care facilities [29]. Wuhan was the area most
seriously affected by the epidemic in China. Due to the
shortage of medical resources in Wuhan in January, these
patients suspected of COVID-19 were not isolated for
timely treatment. However, these patients might have be-
come a mobile source of infection, which is not conducive
to the management and control of the disease. Since Feb-
ruary 2020, after the aggressive quarantine of all patients
suspected of COVID-19 in our dialysis center, no new
medical staff members have been infected, and the infec-
tion rate of MHD patients has also decreased significant-
ly. Through our lessons learned from the above experi-
ence, we hope to receive attention and support from the
government and relevant departments in all areas with
serious outbreaks to ensure that all MHD patients sus-
pected of COVID-19 are quarantined and receive proper
treatment. By doing so, we hope to reduce the infection
rate of relevant medical staff and other exposed patients
and control the spread of disease from the source.

There were some limitations to our experiment. First,
there was a lack of data on demographics, clinical mani-
festations, and laboratory tests for patients in the 52 HD
centers in Wuhan. Second, our hospital lacked records of
laboratory test results for lymphocytes and more frequent
SARS-CoV-2 nucleic acid detection in MHD patients
during the quarantine period. Third, due to the limitation
of detection technique, SARS-CoV-2 antibody could not
be detected in February.

In summary, this study indicated that the SARS-CoV-2
infection rates in MHD patients and related medical statf
were relatively high in Wuhan. In MHD patients, the
symptoms of COVID-19 might be less severe than those
in the general population. To protect MHD patients and
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related medical staff, we recommended that all MHD pa-
tients suspected of COVID-19 could receive treatment
and aggressive quarantine measures to reduce the infec-
tion rate of relevant medical staff and other exposed pa-
tients. More frequent detection of SARS-CoV-2 nucleic
acid, antibody and chest CT should be performed in these
high-risk groups.
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