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ABSTRACT

Background. Coronavirus disease 2019 (COVID-19) is an emerging infectious disease that first manifested in humans in
Wuhan, Hubei Province, China, in December 2019, and has subsequently spread worldwide.

Methods. We conducted a retrospective, single-center case series of the seven maintenance hemodialysis (HD) patients
infected with COVID-19 at Zhongnan Hospital of Wuhan University from 13 January to 7 April 2020 and a proactive search of
potential cases by chest computed tomography (CT) scans.

Results. Of 202 HD patients, 7 (3.5%) were diagnosed with COVID-19. Five were diagnosed by reverse transcription polymerase
chain reaction (RT-PCR) because of compatible symptoms, while two were diagnosed by RT-PCR as a result of screening 197
HD patients without respiratory symptoms by chest CT. Thirteen of 197 patients had positive chest CT features and, of
these, 2 (15%) were confirmed to have COVID-19. In COVID-19 patients, the most common features at admission were
fatigue, fever and diarrhea [5/7 (71%) had all these]. Common laboratory features included lymphocytopenia [6/7 (86%)],
elevated lactate dehydrogenase [3/4 (75%)], D-dimer [5/6 (83%)], high-sensitivity C-reactive protein [4/4 (100%)] and
procalcitonin [5/5 (100%)]. Chest CT showed bilateral patchy shadows or ground-glass opacity in the lungs of all patients.
Four of seven (57%) received oxygen therapy, one (14%) received noninvasive and invasive mechanical ventilation, five
(71%) received antiviral and antibacterial drugs, three (43%) recieved glucocorticoid therapy and one (14%) received
continuous renal replacement therapy. As the last follow-up, four of the seven patients (57%) had been discharged and
three patients were dead.
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Conclusions. Chest CT may identify COVID-19 patients without clear symptoms, but the specificity is low. The mortality of
COVID-19 patients on HD was high.
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INTRODUCTION

In December 2019, a cluster of acute respiratory illness occurred
in Wuhan, Hubei Province, China [1–3]. The pathogen was
identified as a novel enveloped ribonucleic acid (RNA) beta coro-
navirus that has been named severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), which has a phylogenetic
similarity to SARS-CoV [4, 5]. The World Health Organization
(WHO) has named the disease coronavirus disease 2019 (COVID-
19). COVID-19 is more contagious than SARS and often results
in acute respiratory distress syndrome (ARDS), spreads by
human-to-human transmission via droplets or direct contact
and has an incubation period estimated at 1–14 days (usually 3–
7 days) [6]. On 11 March 2020, the WHO declared COVID-19 a
pandemic.

This study evaluates the impact of chest computed tomogra-
phy (CT) screening of hemodialysis (HD) patients without respi-
ratory symptoms as well as the clinical, laboratory and
radiologic features and outcomes of HD patients with COVID-19.

MATERIALS AND METHODS
Study design and patients

We did a retrospective review of medical records from HD
patients infected with COVID-19 at Zhongnan Hospital of
Wuhan University from 12 January to 7 April 2020. The diagno-
sis of COVID-19 pneumonia was based on the New Coronavirus
Pneumonia Prevention and Control Program (4th edition) pub-
lished by the National Health Commission of China [6] and was
based on testing positive for SARS-CoV-2 by use of quantitative
reverse transcription polymerase chain reaction (qRT-PCR)
on respiratory tract samples. This case series was approved by
the institutional ethics board of Zhongnan Hospital of Wuhan
University (no. 2020015). The clinical outcomes were monitored
up to 7 April 2020.

Data collection

The medical records of patients were analyzed by the research
team of the Department of Nephrology, Radiology and
Respiratory Medicine. Epidemiological, clinical, laboratory and
radiological characteristics and treatment and outcome data
were obtained from electronic medical records. The data were
reviewed by a trained team of physicians. Information recorded
included demographic data, medical history, exposure history,
symptoms, signs, complications, laboratory findings, chest CT
scans and treatment measures (i.e. antiviral therapy, corticoste-
roid therapy and respiratory support).

Real-time RT-PCR assay for SARS-CoV-2

Throat swab samples were collected and tested for SARS-CoV-2
with the Chinese Center for Disease Control and Prevention
(CDC)-recommended kit (BioGerm, Shanghai, China), following
WHO guidelines for RT-PCR [7–9]. All samples were processed at
the Department of Clinical Laboratory. The test results were
confirmed by nested RT-PCR with designed primers. Positive

cases of COVID-19 infection were defined from the RT-PCR
results.

Statistical analysis

Statistical analysis was done with SPSS version 20.0 (IBM,
Armonk, NY, USA). Continuous variables were directly
expressed as a range and categorical variables were expressed
as number (%).

RESULTS
Diagnosis of COVID-19 in HD patients

A total of 202 patients had been on HD twice or three times
weekly in the dialysis center in Zhongnan Hospital. The number
of weekly sessions did not change because of the epidemic. The
COVID-19 patients were identified as follows (Figure 1):

a. Three patients (patients 3, 5 and 6) with fever were con-
firmed COVID-19 on fever clinics.

b. One patient with respiratory symptoms was suspected to
have COVID-19 and this was later confirmed. These four
patients were admitted to the hospital treatment.

c. One further patient from another dialysis center was con-
firmed COVID-19 after admission in our hospital. These five
patients received HD in our center during the incubation
period.

d. One hundred ninety-seven HD patients without fever and
respiratory symptoms had blood cell count and chest CT ex-
amination. We determined the presence of a CT abnormal-
ity on the basis of the imaging scans. They were reviewed by
attending physicians in respiratory medicine and radiology
who extracted the data. They suggested patients with posi-
tive chest CT features must have a CT twice and test SARS-
CoV-2 three times. Patients could continue to receive HD in
our center if SARS-CoV-2 was negative and CT features
showed absorption or no change. Thirteen patients had
positive chest CT features. CT images showed ground-
glass opacity in the lungs (Figure 2). Two of 13 patients (15%)
were confirmed to have COVID-19 (patients 4 and 7). In 11
patients, chest CT and SARS-CoV-2 were repeated after
1 week. CT images showed the absorption of ground glass in
10 patients and no change in 1 patient (Figure 2); none were
positive for SARS-CoV-2 (Table 1).

Clinical features of patients with COVID-19

All patients had a history of epidemiological exposure to
COVID-19. Seven HD patients were infected with SARS-CoV-2
and confirmed to have COVID-19. The age range was 47–
67 years, HD vintage 1–7 years and four were men (Table 2).
Clinical characteristics are shown in Table 2. The most com-
mon symptoms were fatigue, fever and diarrhea [five of seven
cases (71%)]. Four of seven cases (57%) had dyspnea. Cough and
anorexia were reported in three cases (43%).

Common laboratory features included lymphocytopenia
[6/7 (86%)], elevated lactate dehydrogenase [3/4 (75%)], D-dimer
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[5/6 (83%)], high-sensitivity C-reactive protein [4/4 (100%)] and
procalcitonin [5/5 (100%)]. Less common laboratory features
include leukopenia [1/7 (14%)], thrombocytopenia [1/7 (14%)]
and elevated aspartate aminotransferase [1/6 (17%)]. Creatine
kinase and creatine kinase-MB were normal in six patients
(Table 3). All seven patients underwent chest CT and had
findings consistent with pneumonia (Figure 3). Bilateral ground-
glass opacities and consolidation were the most common radio-
logic findings (Table 3; Figure 3).

Five patients (71%) received antiviral drugs (ribavirin or arbi-
dol; Table 3). Five patients (71%) also received antibiotic therapy

after admission. Commonly used antibiotics included fluoroqui-
nolones, meropenem and cephalosporins. Three patients (43%)
were treated with at least one glucocorticoid, with the adminis-
tration of intravenous methylprednisolone. Four patients (57%)
received oxygen therapy. One patient was admitted to the in-
tensive care unit (ICU) and required continuous renal replace-
ment therapy (CRRT), noninvasive ventilation and invasive
mechanical ventilation. One patient had a severe complication
of ARDS and shock. As of 7 April, three patients had died
(patients 1, 3 and 7). The causes of death were directly related to
ARDS (n¼ 1, patient 1) and hyperkalemia (n¼ 2, patients 3 and

FIGURE 1: The disposal flow chart for 202 patients.

FIGURE 2: Chest CT scans (transverse plane) of patients without COVID-19. (A) Patient 1: patchy ground-glass opacities located in the subpleural area of right lower

lung lobe. (B) Patient 1: the opacities were absorbed a little after 1 week. (C) Patient 2: round ground-glass opacity in the right upper lung lobe with a clear border. (D)

Patient 2: the opacity was much absorbed after 1 week.

Table 1. Laboratory and chest CT findings in patients without respiratory symptoms

Findings
First chest

CT197 patients
First RT-PCR13

patients
Second RT-PCR11

patients(after 24 hours)
Second chest CT11

patients(after 1 week)
Third RT-PCR11 patients

(after 1 week)

Chest CT images
No CT abnormality 184 – – 10 –
Ground-glass opacity 13 – – 1 –
SARS-CoV-2 RT-PCR
Negative – 11 11 – 11
Positive – 2 0 – 0

330 | R. Wang et al.



7). Four patients were discharged from the hospital with full
recovery.

Infection control

All patients who visited HD clinics had a physical examination,
blood cell count and chest CT. Patients with a normal body tem-
perature can be treated at the designated dialysis machine and
patients with an abnormal body temperature can be triaged
according to fever clinics. All patients with fever should be

screened for novel coronavirus infection and should be given di-
alysis during the last shift of the day until infection is excluded.
If a new confirmed or highly suspected patient in a dialysis cen-
tre is identified, disinfection should be carried out immediately.
Areas in close contact with these patients should not be used
for other patients until cleared. The medical waste from con-
firmed or suspected patients with COVID-19 should be consid-
ered as infectious medical waste and disposed of accordingly.

CRRT was performed in a room inside the isolation ward
designated for patients with COVID-19. Dialysis unit staff wore

Table 2. Baseline characteristics of seven patients infected with COVID-19

Findings Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7
Abnormal

n/total N (%)

Age (years) 66 62 61 62 47 67 51
Sex Male Female Male Male Female Female Male
Epidemiological

history
Yes Yes Yes Yes Yes Yes Yes 7/7 (100)

Underlying
diseases

Hypertension Lupus nephritis Hypertension Hypertension Chronic nephritis Hypertension Hypertension

Dialysis vintage
(years)

3 6 7 3 5 1 1

Signs and
symptoms

Fever Yes Yes Yes No Yes Yes No 5/7 (71)
Fatigue Yes Yes Yes No No Yes Yes 5/7 (71)
Cough Yes Yes No Yes No No No 3/7 (43)
Expectoration Yes No No No No No No 1/7 (14)
Dyspnea Yes Yes No No Yes Yes No 4/7 (57)
Anorexia Yes Yes No No No No Yes 3/7 (43)
Nausea Yes No No No No No No 1/7 (14)
Vomit No Yes No No No No No 1/7 (14)
Diarrhea No Yes Yes No Yes Yes Yes 5/7 (71)
Diagnosis

triggered by
Symptoms Symptoms Symptoms Chest CT Symptoms Symptoms Chest CT

Outcome Death Discharge Discharge Death Discharge Discharge Death

FIGURE 3: Chest CT scans (transverse plane) of seven patients with COVID-19. (A) Patient 1: bilateral multiple consolidations and ground-glass opacities. (B) Patient 2:

patchy consolidation in the right lung and bilateral ground-glass opacities. (C) Patient 2: bilateral lesions absorbed after 31 days. (D) Patient 3: bilateral multiple

ground-glass opacities and a few consolidation opacities in the left lower lung lobe. (E) Patient 4: multiple ground-glass opacities bilaterally and left pleural effusion. (F)

Patient 5: round mixed ground-glass opacity in the subpleural area of right lower lung lobe. (G) Patient 6: bilateral patchy ground-glass opacities. (H) Patient 7: bilateral

patchy ground-glass opacities.
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full protective gear, including waterproof disposable gown, cap,
gloves, face shield and N95 face mask. Patients must wear surgi-
cal masks in the blood purification center. Dialysis filters and
extracorporeal circulation tubes were discarded as infectious
waste. Unused dialysate concentrates and sodium bicarbonate
filters were also discarded. After each HD, the dialyzer was ster-
ilized by heating 50% citric acid disinfectant to 85�C and circu-
lating for 15 min according to the manufacturer’s instructions.

During the outbreak, seven HD patients had confirmed
COVID-19. Patient 1 was treated with CRRT during hospitaliza-
tion. The 11 patients with positive chest CT features but nega-
tive PCR were quarantined in two districts for 2 weeks. As of
7 April, no new patient had become infected with COVID-19.

DISCUSSION

COVID-19 is a newly discovered contagious disease caused by
SARS-CoV-2, primarily manifesting as an acute respiratory ill-
ness with interstitial and alveolar pneumonia, but it can affect
multiple organs, including the kidneys, heart, digestive tract,
blood and nervous system [9]. Pregnant women, newborns and
the elderly and patients with comorbidities such as diabetes
mellitus, hypertension and cardiovascular disease are suscepti-
ble to COVID-19 infection and likely to have more severe illness
often requiring ICU care. HD patients are particularly suscepti-
ble to respiratory pathogens and severe pneumonia. This is
probably related to the relative suppressed immunity of uremic
patients and the frequent hospital admissions of patients on

dialysis. For example, dialysis patients have a higher rate of
contracting SARS compared with the general population [10].

We reported five confirmed COVID-19 HD patients through
13 February. We did not report clinical endpoints because these
patients were still hospitalized at the time of manuscript
submission [11]. We describe clinical data and outcomes from
seven HD patients with laboratory-confirmed COVID-19 as of 7
April. The clinical characteristics of these patients with COVID-
19 infection during HD were similar to those of non-HD adults
with COVID-19 infection [12–14]. At presentation, patients on
HD exhibit similar symptoms (fever, cough and fatigue) as non-
dialysis patients; however, most patients presented with diar-
rhea, which is different from nondialysis patients.
Gastrointestinal symptoms may be difficult to distinguish from
uremic symptoms. Only one patient presented initially with
atypical symptoms such as nausea and vomiting.

In line with recent studies, lymphopenia was common [12–
14]. On admission, lymphocytopenia was present in 86% of the
patients, thrombocytopenia in 14% and leukopenia in 14%. Most
patients had elevated levels of procalcitonin, high-sensitivity
C-reactive protein, lactate dehydrogenase and D-dimer. Less
common was elevated levels of aspartate aminotransferase.
Bilateral distribution of patchy shadows and ground-glass opac-
ity was a typical hallmark of CT scans for COVID-19.

In this case series, mortality was high [3/7 patients (43%)].
There is no specific effective antiviral drug for COVID-19 at pre-
sent. CRRT has been successfully applied in the treatment of
SARS, Middle East respiratory syndrome and sepsis [15, 16]. High-

Table 3. Laboratory characteristics, complications and treatments of seven COVID-19 patients

Laboratory characteristics
Normal
range Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7

Abnormal
n/total N (%)

White blood cell count (� 109/L) 3.5–9.5 2.69 8.02 6.84 7.5 7.73 10.76 5.03 2/7 (29)
Neutrophil count (� 109/L) 1.8–6.3 2.24 5.52 5.69 5.65 6.28 9.24 4.29 1/7 (14)
Lymphocyte count (� 109/L) 1.1–3.2 0.22 1.97 0.63 0.84 0.80 0.92 0.49 6/7 (86)
Platelet count (� 109/L) 125–350 97 311 122 200 114 213 141 1/7 (14)
Activated partial

thromboplastin time (sec)
25.1–36.5 39.1 29.5 57.3 28.7 70.1 32.4 NA 3/6 (50)

D-dimer (mg/L) 0–500 2862 650 1210 1208 1240 450 NA 5/6 (83)
Creatine kinase (U/L) <171 67 126 NA NA 73 84 NA 0/4 (0)
Creatine kinase-MB (U/L) 0–25 16 20 13 12 22 14 NA 0/6 (0)
Lactate dehydrogenase (U/L) 125–243 277 NA 190 NA 308 321 NA 3/4 (75)
High-sensitivity C-reactive protein

concentration (mg/L)
0–3 NA 3.13 35.3 NA 10 176.5 NA 4/4 (100)

Alanine aminotransferase (U/L) 9–50 38 11 11 17 10 17 NA 0/6 (0)
Aspartate aminotransferase (U/L) 15–40 66 32 18 24 8 25 NA 1/6 (17)
Procalcitonin (ng/mL) <0.05 6.57 0.35 NA 7.13 1.86 1.12 NA 5/5 (100)
Chest CT images
Bilateral lung disease Yes Yes Yes Yes Yes Yes Yes 7/7 (100)
Complications
Acute cardiac injury No No No No No No No 0/7 (0)
ARDS Yes No No No No No No 1/7 (14)
Shock Yes No No No No No No 1/7 (14)
Treatment
Antiviral therapy Yes Yes Yes No Yes Yes No 5/7 (71)
Antibacterial therapy Yes Yes Yes No Yes Yes No 5/7 (71)
Glucocorticoid therapy Yes No No No Yes Yes No 3/7 (43)
CRRT Yes No No No No No No 1/7 (14)
Oxygen inhalation Yes Yes No No Yes Yes No 4/7 (57)
NIV Yes No No No No No No 1/7 (14)
IMV Yes No No No No No No 1/7 (14)

Acute cardiac injury: serum levels of cardiac biomarkers (e.g. troponin I) above the 99th percentile upper reference limit; NIV, noninvasive ventilation; IMV, invasive

mechanical ventilation.
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volume hemofiltration (HVHF) removed inflammatory cytokines
[17]. Therefore CRRT and HVHF may play a role in patients with
COVID-19. The potential role of extracorporeal therapy needs to be
evaluated.

During the first 2 months of the current outbreak, all HD
patients received HD twice or three times weekly in HD centers,
as is routine in China. Patients with fever were confirmed as
COVID-19 on fever clinics, but these patients received HD in an
HD center during the incubation period. Chest CT examination
is helpful in diagnosing COVID-19. Ground-glass opacities and
consolidation in the lung periphery have been the imaging hall-
mark in patients with COVID-19 infection. Chest X-ray may not
demonstrate the peripheral predominance that was visible on
respective CT examinations, thus chest X-ray may lack the sen-
sitivity to identify some of the manifestations of the COVID-19
infection in the lungs, which are otherwise evident on CT [18].
All patients without fever and respiratory symptoms and
asymptomatic patients had blood cell counts and chest CT
examinations in our HD center. Suspicion of COVID-19 by chest
CT was only confirmed in 15% of these patients. We suggest
that all HD patients have a chest CT examination to prevent
missing patients infected with COVID-19.

COVID-19 infection presents particular challenges for patients
on dialysis. We developed guidelines for dialysis units during the
COVID-19 outbreak. All patients with fever should be screened
for coronavirus infection and should be given dialysis during the
last shift of the day until infection is excluded. Strict patient sur-
veillance and proper isolation practices prevented secondary
transmissions and HD could be performed safely.

The limitations of this study include the small sample size
and its restrictive nature. Additionally, the lack of antibody
evaluation means that some patients with past COVID-19 infec-
tion may not have been diagnosed.

In summary, in this single-center case series of 202 HD
patients in Wuhan, China, COVID-19 was confirmed in 3.5%
of patients. Many patients presented with diarrhea, which was
different from nondialysis patients. Surprisingly, COVID-19 was
only suspected because of classical symptoms in 71% of diag-
nosed patients, while 29% were diagnosed following screening
of all HD patients with chest CT examination. Chest CT had low
specificity (15%) for the identification of COVID-19 patients.
Overall, mortality of COVID-19 in HD was high.
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