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Rationale & Objective: Patients receiving main-
tenance hemodialysis (MHD) are highly
vulnerable to infection with severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-
2). The current study was designed to evaluate
the prevalence of SARS-CoV-2 infection
based on both nucleic acid testing (NAT) and
antibody testing in Chinese patients receiving
MHD.

Study Design: Cross-sectional study.

Setting & Participants: From December 1,
2019, to March 31, 2020, a total of 1,027 MHD
patients in 5 large hemodialysis centers in
Wuhan, China, were enrolled. Patients were
screened for SARS-CoV-2 infection by
symptoms and initial computed tomography
(CT) of the chest. If patients developed
symptoms after the initial screening was
negative, repeat CT was performed. Patients
suspected of being infected with SARS-CoV-2
were tested with 2 consecutive throat swabs for
viral RNA. In mid-March 2020, antibody testing
for SARS-CoV-2 was obtained for all MHD
patients.

Exposure: NAT and antibody testing results for
SARS-CoV-2.

Outcomes: Morbidity, clinical features, and lab-
oratory and radiologic findings.

Analytical Approach: Differences between
groups were examined using t test or Mann-
Whitney U test, comparing those not infected
with those infected and comparing those with
infection detected using NAT with those with
90
infection detected by positive serology test
results.

Results: Among 1,027 patients receiving MHD,
99 were identified as having SARS-CoV-2
infection, for a prevalence of 9.6%. Among the
99 cases, 52 (53%) were initially diagnosed
with SARS-CoV-2 infection by positive NAT; 47
(47%) were identified later by positive
immunoglobulin G (IgG) or IgM antibodies
against SARS-CoV-2. There was a spectrum of
antibody profiles in these 47 patients: IgM
antibodies in 5 (11%), IgG antibodies in 35
(74%), and both IgM and IgG antibodies in 7
(15%). Of the 99 cases, 51% were
asymptomatic during the epidemic; 61% had
ground-glass or patchy opacities on CT of the
chest compared with 11.6% among uninfected
patients (P < 0.001). Patients with hypertensive
kidney disease were more often found to have
SARS-CoV-2 infection and were more likely to
be symptomatic than patients with another
primary cause of kidney failure.

Limitations: Possible false-positive and false-
negative results for both NAT and antibody
testing; possible lack of generalizability to other
dialysis populations.

Conclusions: Half the SARS-CoV-2 infections in
patients receiving MHD were subclinical and
were not identified by universal CT of the chest
and selective NAT. Serologic testing may help
evaluate the overall prevalence and understand
the diversity of clinical courses among patients
receiving MHD who are infected with SARS-
CoV-2.
Coronavirus disease 2019 (COVID-19), caused by se-
vere acute respiratory syndrome coronavirus 2 (SARS-

CoV-2), is a global health threat, especially to the elderly
or those with underlying diseases.1-3 SARS-CoV-2 was
identified as the causative agent of COVID-19 on January
7, 2020, through deep sequencing analysis of patients’
respiratory tract samples.4,5 Since then, nucleic acid testing
(NAT) against SARS-CoV-2 was developed and used to
identify patients infected with the virus. However, due to
variable virus shedding,6 sample collection issues, lack of
symptoms, and limited availability of NAT, some current
or previous infections may not be detected. Screening with
computed tomography (CT) of the chest may identify
cases7,8 but requires confirmation by using NAT. The
difficulties associated with NAT make the timely and ac-
curate diagnosis of SARS-CoV-2 infection a potential hur-
dle for minimizing the damage of the current outbreak.

NAT or CT of the chest of the whole population is not
practical and is costly. Therefore, initial surveillance was
focused primarily on patients with obvious symptoms or
close contact history with an infected individual. However,
the full spectrum of the disease, including mild or
asymptomatic infections that do not require medical
attention, is not clear. Whether those who are reported as
asymptomatic may be able to transmit the virus to other
individuals also needs further investigation.9 The latest
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(7th edition) of the New Coronavirus Pneumonia Pre-
vention and Control Program, published by the National
Health Commission of China, added serologic evidence to
the diagnostic criteria for COVID-19. Surveillance of
antibody seropositivity in a population may help clarify the
prevalence of infection.

Maintenance hemodialysis (MHD) patients are a pop-
ulation with increased exposure risk during the pandemic
because they must routinely visit the hospital (often using
public transit) and are treated in a group setting in dialysis
units. Limited information is available regarding the
prevalence and serologic characteristics of SARS-CoV-2
infection in MHD patients. To clarify the full spectrum
of SARS-CoV-2 infection in MHD patients, we retrospec-
tively collected and analyzed detailed data from all MHD
patients in 5 medical institutions in Wuhan, China, who
were screened for SARS-CoV-2 infection.
Methods

Study Design and Participants

For this multicenter retrospective observational study, we
reviewed data from December 1, 2019, to March 31,
2020, of the 1,048 patients who represent all MHD pa-
tients in 5 large dialysis centers in Wuhan, China. Since late
January 2020, these 5 centers have been performing reg-
ular strict entrance screening of body temperature and
respiratory or digestive tract symptoms at the time of every
dialysis treatment. All MHD patients also underwent initial
screening using CT of the chest. In addition, all patients
underwent laboratory tests (C-reactive protein [CRP]
concentration and complete blood cell count) at the time
of initial CT. If patients developed symptoms after the
initial screening was negative, repeat CT and laboratory
testing were performed.10 Patients having an abnormal
result for CT of the chest suggestive of viral pneumonia
were regularly monitored to determine whether there
were progressive changes on CT of the chest consistent
with the classic evolution of COVID-19. Around the
middle of March 2020, antibody testing for SARS-CoV-2
was performed in all MHD patients in the 5 centers,
except for those who had died during the pandemic or
who declined. Patients who were negative during the
previous screening but had a positive serologic result un-
derwent NAT 2 consecutive times after the serology results
were known.

This study was approved by the Ethics Committee of
Wuhan Union Hospital. The requirement for informed
patient consent was waived by the ethics committee for
this retrospective study.

SARS-CoV-2 Nucleic Acid and Serum Antibody

Measurement

NAT for SARS-CoV-2 was done using a quantitative real-
time reverse transcriptase–polymerase chain reaction
(RT-PCR) assay of throat swab specimens as previously
described.11 Serum immunoglobulin M (IgM) and IgG
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antibodies against SARS-CoV-2 were detected using
Colloidal Gold Immunochromatography Assay kits sup-
plied by Tangshan Yingnuote Biotechnology Enterprise Co,
Ltd, according to the manufacturer’s instructions.12 The
assay is primarily directed against the SARS-CoV-2 nucle-
ocapsid (N) protein, with some reactivity to the spike (S)
protein.

Briefly, serum samples were diluted 10-fold and added
onto the sample pad of the test strip; antibodies present in
serum form a complex with virus antigen that had been
labeled with colloidal gold nanoparticles. This complex
migrates by capillary action until it is captured by a strip of
coating antibody (mouse anti-human IgG or IgM mono-
clonal antibody), which generates a band of visible color
that appears in less than 10 minutes, with intensity
determined by the amount of the antibody. Sensitivity of
the assay was 87.3% for both IgM and IgG antibodies,
determined by testing 126 RT-PCR–confirmed SARS-CoV-
2 infections. The specificity of the assays was 100% for
both IgM and IgG antibodies, determined by testing 62
samples from clinically excluded cases. No cross-reaction
was found to coronaviruses (including HKU1, OC43,
NL63, and 229E) and also to other viruses (including
influenza H1N1, H3N2, H5N1, H7N9; influenza B virus;
respiratory syncytial virus; adenovirus; rhinovirus; and
parainfluenza virus). There was also no cross-reaction with
rheumatoid factors, antinuclear antibodies, and anti-
mitochondrial antibody.

Data Collection

We collected exposure history, demographics, clinical
features, laboratory findings, and images from CT of the
chest for all enrolled patients from December 1, 2019, to
March 31, 2020. Direct communication with patients or
their families or attending physicians occurred if important
data were missing from the records or clarification was
needed. The cutoff temperature used in this study to define
fever was 37.3�C. Laboratory testing (including a complete
blood cell count, assessment of liver function, and mea-
surements of serum albumin, electrolytes, CRP, lactate
dehydrogenase, and coagulation testing) was performed
according to the clinical care needs of the patient. For
NAT-positive patients, the laboratory results used were the
results on admission or those nearest to disease onset. For
antibody-positive patients, the laboratory results around
the time of antibody testing were used. The presence of a
radiologic abnormality was determined based on de-
scriptions in medical charts or associated documentation; if
imaging scans were available, they were reviewed by
attending physicians in respiratory medicine or an imaging
specialist. All data were carefully reviewed and cross-
checked by 2 physicians (H.T. and J.H.).

Statistical Analysis

Continuous variables are presented as mean ± standard
deviation for normally distributed data or median and
interquartile range for skewed data. Categorical variables
491
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were expressed as number with percent. Normally
distributed continuous variables were analyzed using t test
for between-group comparisons and analysis of variance
for comparison among multiple groups. Variables dis-
playing skewed distribution were compared using Mann-
Whitney U test (between groups) and Kruskal-Wallis test
(among multiple groups). Categorical variables were
compared using Pearson χ2 test, continuity correction χ2

test, or Fisher exact test according to the following situa-
tions: (1) if all expected counts T ≥ 5 and total sample
size n ≥ 40, Pearson χ2 tests were used; (2) if the expected
counts 5 > T ≥ 1 and n ≥ 40, continuity correction χ2 tests
were used; and (3) if the expected counts T < 1 or n ≥ 40,
Fisher tests were used.13 A 2-sided P < 0.05 was consid-
ered statistically significant. All statistical analyses were
performed using SAS (version 9.4, SAS institute) or SPSS
(version 22.0, IBM Corp.).
Results

After excluding 21 patients for whom serologic testing
could not be performed before March 31, 2020, a total of
1,027 MHD patients were included in the final analysis
(Fig 1). Demographic, epidemiologic, and clinical data of
these patients were retrospectively collected and analyzed.

Comparison of MHD Patients With and Without

SARS-CoV-2 Infection

Patients with positive results for either NAT or antibody
testing were categorized as having SARS-CoV-2 infection,
all others were categorized as being without SARS-CoV-2
infection (Table 1). In the overall cohort, mean age of
patients was 60.3 ± 13.4 years, with a male preponderance
(60.3%). No significant differences in age distribution
(P = 0.5) or sex (P = 0.3) were identified between patients
with and without infection. Close contact history with
patients with COVID-19 was more common in infected
patients (P < 0.001). No significant differences in body
mass index and current smoking status were identified
between patients with and without infection.
1048 MHD patients in five medical inst
between Dec 1, 2019 to Mar 31, 20

A total of 1027 cases included in the fina

52 cases identified by positive 
nucleic acid testing results

Universal scre
Nucleic acid te

Universal screening of antibody test

47 cases identified by 
positive antibody results

Figure 1. Flow chart of the study population selection. Abbreviation
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The primary causes of kidney failure were similar in the
2 groups, but hypertensive kidney disease was more
common in the group with infection (P < 0.001). Among
the overall cohort, cardiovascular disease (including hy-
pertension) was the most common comorbid condition
(68.3%) and was more common in patients with infection
than without (79% vs 67.1%; P = 0.01). Chronic
obstructive pulmonary disease and cancer were not
significantly different between the 2 groups.

During the study period, hemodialysis modalities used
in the outpatient setting by MHD patients in our cohort
included hemodialysis (99.3%), hemodiafiltration
(74.8%), and hemoperfusion (27.7%); patients may have
received more than 1 modality during the period of
observation. Overall, most (72.6%) patients were using an
arteriovenous fistula for hemodialysis access and more than
half (55.6%) received dialysis 3 times per week during the
study period. There was a statistically significant difference
in type of dialysis access between patients with and
without SARS-CoV-2 infection (P = 0.04; Table 1).

As shown in Table 2, the most common radiologic
finding in infected patients was ground-glass or patchy
opacity, and the lesions often involved both lungs. We
also noted that 12% of patients had ground-glass opacities
on CT of the chest accompanied with or without obvious
symptoms but with negative NAT and antibody testing
results. The CT images of these patients showed no pro-
gressive worsening in contrast to the classic radiologic
evolution of COVID-19. Data from laboratory tests
showed that in patients with SARS-CoV-2 infection,
median white blood cell and lymphocyte counts were
lower, serum calcium concentrations were lower, and
CRP levels were higher than values in patients without
infection.

Comparison of Patients With SARS-CoV-2 Infection

Detected by NAT Versus Antibody Testing

Although intensive monitoring of symptoms, universal
radiologic screening, and selective RNA testing had been
carried out since late January 2020, about half (47 [47%])
itutions 
20

l analysis 

996 unidentified cases

ening of symptoms and chest CT 
sting in suspect cases

ing

21 cases failed to 
complete antibody test 

excluded 

928 cases with negative 
antibody tests results

s: CT, computed tomography; MHD, maintenance hemodialysis.
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Table 1. Demographics, Baseline and Clinical Characteristics of MHD Patients With or Without SARS-CoV-2 Infection

Characteristics
Total Patients
(N = 1,027)

Patients Without
Infection (n = 928)

Patients With
Infection (n = 99) P

Patient origin
Hospital No. 1 158 (15.4%) 136 (14.7%) 22 (22%)
Hospital No. 2 314 (30.6%) 299 (32.2%) 15 (15%)
Hospital No. 3 183 (17.8%) 168 (18.1%) 15 (15%)
Hospital No. 4 233 (22.7%) 217 (23.3%) 16 (16%)
Hospital No. 5 139 (13.5%) 108 (11.6%) 31 (31%)

Age, y 60.3 ± 13.4 60.2 ± 13.4 61.3 ± 13.8 0.4a

Sex
Male 619 (60.3%) 564 (60.8%) 55 (56%) 0.3b

Female 408 (39.7%) 364 (39.2%) 44 (44%) 0.3b

BMI, kg/m2 22.0 [20.1-24.5] 22.1[20.1-25.0] 21.8 [20.4-24.2] 0.8c

Current smoker 374 (36.4%) 342 (36.9%) 32 (32%) 0.3b

Contact with COVID-19 patient(s) 45 (4.4%) 28 (3.0%) 17 (17%) <0.001d,e

COVID-19 patient(s) in the family 13 (1.3%) 7 (0.8%) 6 (6%) <0.001d,e

Primary cause of kidney failure
Diabetic nephropathy 278 (27.1%) 257 (27.7%) 21 (21%) 0.1b

Hypertensive kidney disease 117 (11.4%) 93 (10.0%) 24 (24%) <0.001b,d

Glomerulonephritis 460 (44.8%) 423 (45.6%) 37 (37%) 0.1b

Polycystic kidney disease 24 (2.3%) 23 (2.5%) 1 (1%) 0.6e

Lupus nephritis 7 (0.7%) 5 (0.5%) 2 (2%) 0.1f

Others 152 (14.8%) 136 (14.7%) 16 (16%) 0.6b

Comorbid conditions
Cardiovascular disease 701 (68.3%) 623 (67.1%) 78 (79%) 0.01b,d

Diabetes mellitus 184 (17.9%) 160 (17.2%) 24 (24%) 0.08b

COPD 8 (0.8%) 6 (0.6%) 2 (2%) 0.2f

Cancer 19 (1.9%) 19 (2.0%) 0 (0%) 0.3e

Use of ACEi/ARB 178/474 (37.6%) 151/412 (36.7%) 27/62 (44%) 0.1b

Hemodialysis modality
Hemodialysis 1,020 (99.3%) 926 (99.8%) 94 (95%) <0.001b,d

Hemodiafiltration 768 (74.8%) 721 (77.7%) 47 (47%) <0.001b,d

Hemoperfusion 284 (27.7%) 273 (29.4%) 11 (11%) <0.001b,d

Hemodialysis access 0.04d,f

AVF 727/1,001 (72.6%) 665/906 (73.4%) 62/95 (65%)
CVC 267/1,001 (26.7%) 236/906 (26.0%) 31/95 (33%)
CVC/AVF 1/1,001 (0.1%) 0/906 (0%) 1/95 (1%)
AVG 3/1,001 (0.3%) 2/906 (0.2%) 1/95 (1%)
Others 3/1,001 (0.3%) 3/906 (0.3%) 0/95 (0%)

Hemodialysis frequency 0.4c

<3×/wk 442/999 (44.2%) 403/903 (44.6%) 39/96 (41%)
3×/wk 557/999 (55.8%) 500/903 (55.4%) 57/96 (59%)

Note: Values for categorical variables given as count (percentage) or n/N (percentage); for continuous variables, as mean ± standard deviation or median [interquartile
range].
Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; AVF, arteriovenous fistula; AVG, arteriovenous graft; BMI, body mass
index; COPD, chronic obstructive pulmonary disease; CVC, central venous catheter; MHD, maintenance hemodialysis.
P values were calculated using at test or cMann-Whitney U test for continuous variables and bPearson χ2 test, econtinuity correction χ2 test, or fFisher exact test for
categorical variables; denoted dstatistically significant if P < 0.05.

Tang et al
of the SARS-CoV-2–infected patients were retrospectively
identified by antibody testing. No significant differences in
age distribution (P = 0.7) or sex (P = 0.7) were identified
between the 2 groups, but current smokers were more
common in patients identified by positive antibody re-
sponses than in those identified by NAT (43% vs 23%;
P = 0.03; Table 3). Twelve percent of patients in the NAT-
identified group had 1 or more than 1 family member
AJKD Vol 76 | Iss 4 | October 2020
with COVID-19 diagnosed compared with none in the
antibody testing–identified group (P = 0.04). The primary
causes of kidney failure in the NAT-identified group were
similar to those of the antibody testing–identified group,
except for a higher percentage of hypertensive kidney
disease (33% vs 15%; P = 0.03). There was no significant
difference identified in comorbid conditions between the
2 groups, but dialysis modality patterns and dialysis
493



Table 2. Radiologic and Laboratory Findings of MHD Patients With or Without SARS-CoV-2 Infection

Findings Total (N = 1,027)
Patients Without
Infection (n = 928)

Patients With
Infection (n = 99) P

Radiologic Findings

CT image features
Ground-glass/patchy opacity 131/720 (18.2%) 72/623 (11.6%) 59/97 (61%) <0.001a,b

Fibrosis 104/720 (14.4%) 88/623 (14.1%) 16/97 (16%) 0.5b

Consolidation 23/720 (3.2%) 21/623 (3.4%) 2/97 (2%) 0.7c

Others 104/720 (14.4%) 94/623 (15.1%) 10/97 (10%) 0.2b

Normal 360/720 (50.0%) 348/623 (55.9%) 12/97 (12%) <0.001a,b

Lesion region 0.07c

Bilateral lung 230/351 (65.5%) 169/271 (62.4%) 61/80 (76%)
Left lung 59/351 (16.8%) 49/271 (18.1%) 10/80 (13%)

Right lung 62/351 (17.7%) 53/271 (19.6%) 9/80 (11%)
Laboratory Findings

Hemoglobin, g/dL 10.3 [8.7-11.5] 10.3 [8.7-11.5] 10.2 [8.5-11.3] 0.3d

Platelets, ×103/μL 160 [125-203] 160 [126-203] 161 [117-200] 0.8d

Leukocytes, /μL 5,500 [4,500-6,990] 5,570 [4,535-7,030] 4,900 [4,040-6,510] 0.002a,d

Lymphocytes, /μL 970 [730-1,260] 970 [740-1,260] 860 [660-1,150] 0.01a,d

Absolute lymphocyte count < 1,000/μL 476/896 (53.1%) 421/809 (52.0%) 55/87 (63%) 0.03a,b

Neutrophils, /μL 3,870 [3,040-5,110] 3,920 [3,050-5,110] 3,450 [2,870-4,520] 0.05d

Albumin, g/dL 3.8 [2.2-4.1] 3.8 [1.8-4.1] 3.8 [3.4-4.0] 0.4d

AST, U/L 11.6 [9.0-16.5] 11.0 [8.8-16.0] 13.5 [10.5-20.0] 0.001a,d

ALT, U/L 8.4 [6.0-13.6] 8.0 [6.0-13.4] 10.8 [8.0-14.7] 0.001a,d

Serum phosphorus, mmol/L 2.2 [1.7-434.6] 2.2 [1.7-540.9] 1.9 [1.6-2.7] 0.1d

Serum calcium, mmol/L 2.3 [2.1-15.1] 2.3 [2.1-15.9] 2.2 [2.0-2.4] 0.02a,d

CRP, mg/L 1.4 [0.5-164.3] 1.4 [0.5-168.2] 2.0 [1.0-5.4] 0.3d

D-Dimer, mg/L 2.1 [1.5-4.6] 2.1 [1.4-3.5] 5.6 [2.2-30.1] <0.001a,d

Note: Values for categorical variables given as n/N (percentage); for continuous variables, as median [interquartile range]. Reference range for CRP, 0 to 4 mg/L; for D-
dimer, 0 to 0.5 mg/L.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CRP, C-reactive protein; CT, computed tomography; MHD, maintenance hemodialysis.
P values were calculated using dMann-Whitney U test for continuous variables and bPearson χ2 test, ccontinuity correction χ2 test for categorical variables; denoted
astatistically significant if P < 0.05.
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frequency were different. In the group identified by anti-
body testing, more patients received hemodiafiltration
(66% vs 31%; P < 0.001) and hemoperfusion (19% vs 4%;
P = 0.01).

More than half (51%) the patients infected with SARS-
CoV-2 were asymptomatic during the study period. The
most common symptoms at onset in the NAT-identified
group were fever (48%) and dry cough (35%). Other
symptoms included sputum production, dyspnea, nausea
or vomiting, diarrhea, and sore throat. All the symptoms
were less common in the group identified by positive
antibody test results (Table 3). Compared with the NAT-
identified group, the antibody testing–identified group
presented less frequently with ground-glass or patchy
opacity abnormalities (37% vs 82%; P < 0.001) but more
frequently with fibrosis (28% vs 6%; P = 0.003) in the
images from CT of the chest. The lesions often involved
both lungs in the NAT-identified group (85%), which was
nominally more frequent than in the antibody
testing–identified group (64%), though this was not sta-
tistically significant (P = 0.08). Compared with the NAT-
identified group, patients in the antibody testing–
identified group had significantly higher lymphocyte
494
counts (P < 0.001) and lower CRP levels (P < 0.001).
Other laboratory findings did not significantly differ be-
tween the 2 groups.

Serologic Profile of Patients With SARS-CoV-2

Infection

The 47 patients whose infection was detected by positive
antibody testing underwent NAT 2 consecutive times
when serology results were known; all had negative NAT
results. Five of these 47 patients presented with IgM an-
tibodies only; 35 patients, with IgG antibodies only; and 7,
with both IgM and IgG antibodies. All these patients
continued routine dialysis in the outpatient department,
and none were hospitalized during the study period.

Figure 2 shows the evolution of manifestations on CT of
the chest over time in 2 patients with SARS-CoV-2 infec-
tion retrospectively identified by positive test results for
IgG antibody. The first patient was asymptomatic and the
second patient had a mild cough for a week during the
study period. Two consecutive quantitative RT-PCR tests
had been performed in each of these 2 patients after the
first abnormal CT result, and results were consistently
negative.
AJKD Vol 76 | Iss 4 | October 2020



Table 3. Characteristics of MHD Patients Infected With SARS-CoV-2 Identified by NAT or Antibody Testing

Characteristic
Patients Identified
by NAT (n = 52)

Patients Identified
by Antibody Testing (n = 47) P

Age, y 61.65 ± 14.65 60.79 ± 12.87 0.7a

Male sex 28 (54%) 27 (57%) 0.7b

BMI, kg/m2 21.90 [20.57-24.97] 21.45 [19.92-23.84] 0.3c

Current smoker 12 (23%) 20 (43%) 0.03b,d

COVID-19 patient(s) in the family 6 (12%) 0 (0%) 0.04d,e

Primary cause of kidney failure
Diabetic nephropathy 11 (21%) 10 (21%) 0.9b

Hypertensive kidney disease 17 (33%) 7 (15%) 0.03b,d

Glomerulonephritis 16 (31%) 21 (45%) 0.1b

Polycystic kidney disease 1 (2%) 0 (0%) 0.9f

Lupus nephritis 1 (2%) 1 (2%) 0.9f

Others 6 (12%) 10 (21%) 0.1b

Comorbid condition
Cardiovascular disease 41 (79%) 37 (79%) 0.9b

Diabetes mellitus 13 (25%) 11 (23%) 0.8b

COPD 2 (4%) 0 0.5e

Hemodialysis modality
Hemodialysis 47 (90%) 47 (100%) 0.08b

Hemodiafiltration 16 (31%) 31 (66%) <0.001b,d

Hemoperfusion 2 (4%) 9 (19%) 0.01b

Hemodialysis access 0.8f

AVF 33 (63%) 29/43 (67%)
CVC 18 (35%) 13/43 (30%)
CVC/AVF 1 (2%) 0/43 (0%)
AVG 0 (0%) 1/43 (2%)
Others 0 (0%) 0/43 (0%)

Symptoms
Fever 25 (48%) 2 (4%) <0.001b,d

Cough 18 (35%) 9 (19%) 0.08b

Sputum production 13 (25%) 3 (6%) 0.01b,d

Dyspnea 11 (21%) 3 (6%) 0.06c

Nausea/Vomiting 7 (13%) 0 (0%) 0.02e,d

Diarrhea 4 (8%) 0 (0%) 0.1e

Sore throat 4 (8%) 0 (0%) 0.1e

Asymptomatic 13 (25%) 37 (79%) <0.001b,d

Radiologic findings
CT image features
Ground-glass/patchy opacity 42/51 (82%) 17/46 (37%) <0.001b,d

Fibrosis 3/51 (6%) 13/46 (28%) 0.003b,d

Consolidation 1/51 (2%) 1/46 (2%) 0.9f

Others 5/51 (10%) 5/46 (11%) 0.9e

Normal 0/51 (0%) 12/46 (26%) <0.001b,d

Lesion region
Bilateral lung 40/47 (85%) 21/33 (64%) 0.08f

Left lung 4/47 (9%) 6/33 (18%) 0.3b

Right lung 3/47 (6%) 6/33 (18%) 0.1b

Laboratory findings
Hemoglobin, g/dL 10.3 ± 1.9 9.9 ± 2.2 0.6a

Platelets, ×103/μL 167 ± 69 165 ± 65 0.9a

Leukocytes, /μL 4,760 [3,800-6,740] 5,000 [4,330-6,200] 0.5c

Lymphocytes, /μL 760 [440-930] 990 [760-1,310] <0.001c,d

Neutrophils, /μL 3,420 [2,800-5,810] 3,470 [2,970-4,190] 0.4c

Albumin, g/dL 3.8 [3.5-4.0] 3.7 [3.3-4.0] 0.2c

CRP, mg/L 16.6 [5.2-88.8] 2.4 [1.2-7.4] <0.001c,d

Abbreviations: AVF, arteriovenous fistula; AVG, arteriovenous graft; BMI, body mass index. COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; CT,
computed tomography; CVC, central venous catheter; MHD, maintenance hemodialysis; NAT, nucleic acid testing.
P values were calculated using at test or cMann-Whitney U test for continuous variables and bPearson χ2 test, econtinuity correction χ2 test, or fFisher exact test for
categorical variables; denoted dstatistically significant if P < 0.05.
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Figure 2. Representative images from computed tomography (CT) of the chest of 2 patients with SARS-CoV-2 infections identified
by antibody testing. (A-D) Transverse images from CTof the chest from a 39-year-old man who was asymptomatic but with a transient
decrease in white blood cell and lymphocyte counts and elevated C-reactive protein level. The images were obtained (A) 42, (B) 35,
(C) 21, and (D) 7 days before the first positive antibody (immunoglobulin G [IgG]) response was found in this patient, showing a time-
dependent resolution of a unilateral ground-glass opacity in the right lower lobe. (E-H) Transverse images from CTof the chest from a
63-year-old woman with mild cough for a week and elevated C-reactive protein level. Images were obtained (E) 39, (F) 36, and (G)
0 days before and (H) 20 days after the first positive antibody (IgG) response against SARS-CoV-2 was found in this patient. Bilateral
patchy opacity and consolidation in the earliest images were gradually absorbed and disappeared over time.
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Of the 52 patients with positive NAT results, 13 had no
serologic test results because they died, 31 were found to
be positive for IgG but negative for IgM, 5 were positive
for both IgG and IgM, and 3 were negative for IgG and
IgM. The interval between initial NAT diagnosis and
antibody testing ranged from 14 to 55 days.
Discussion

In this multicenter study focused on MHD patients in
Wuhan, we found that almost half the SARS-CoV-2 in-
fections were subclinical and not identified by NAT and
CT of the chest screening. Serologic tests detected
asymptomatic SARS-CoV-2 infection in a large minority
of infected patients and provided further information
regarding the full spectrum of the disease in MHD pa-
tients. Our observations suggest that patients who have
hypertensive kidney disease and with accompanying
cardiovascular disease may be more susceptible to
SARS-CoV-2 infection and tend to develop obvious
symptoms.

MHD patients may be vulnerable to virus infection due
to the uremic state and high prevalence of coexisting
disorders such as cardiovascular disease, diabetes, and ce-
rebrovascular disease.14-16 Additional risk factors in MHD
patients include the need to routinely visit the hospital
(often using public transportation) and the potential for
close contact between patients in the dialysis unit. There-
fore, extra efforts must be made to prevent infection
spread within dialysis units. Since late January, health
496
workers in hemodialysis centers in Wuhan have been
performing strict entrance screening using body temper-
ature and the presence of respiratory or digestive symp-
toms, as well as a universal screen by CT of the chest.
When symptoms or an abnormal result from CT of the
chest suggestive of viral pneumonia were present, patients
were immediately isolated and asked to complete NAT 2
consecutive times.10 Universal screening of symptoms and
pulmonary CT combined with selective NAT were un-
doubtedly important measures for helping identify and
isolate SARS-CoV-2–infected patients, especially in the
early phase of the epidemic. However, some infected pa-
tients who were asymptomatic, lacked typical radiology
features, or had a low level of virus load may be missed.
Additionally, the symptoms and manifestations on CT of
the chest of COVID-19 were difficult to distinguish from
those due to the uremic state or other common respiratory
tract pathogens in MHD patients, which added an extra
level of difficulty identifying SARS-CoV-2–infected pa-
tients in the MHD population.

For many known pathogenic viruses, antibody testing is
suggested for the confirmation of infection. Recent studies
have found that a serologic response is detectable 7 to 10
days or later after the onset of symptoms.6,17 Even in the
early stages of the illness, when some patients with a low
virus load in the upper respiratory tract may have negative
NAT results, the infections could be identified through
antibody testing.18 Normally, the IgG antibody response in
serum lasts longer and indicates past infection whereas IgM
may represent recent infection. Compared with NAT,
AJKD Vol 76 | Iss 4 | October 2020
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serologic testing has the advantages of high throughput
and less workload. With further understanding of host
antibody responses during infection, serologic testing may
have an important role in diagnosing acute and past SARS-
CoV-2 infections.

To gain a better understanding of the antibody response
and clarify the full extent of the infection, we screened the
patients in these 5 large dialysis centers with antibody
testing against SARS-CoV-2. In addition to 52 COVID-
19–infected patients who previously had been diagnosed
through positive NAT results, 47 patients were newly
identified by antibody seropositivity, which indicates an
overall SARS-CoV-2 infection rate of 9.6% in MHD patients
in these dialysis centers. These newly identified patients
were all in good condition with favorable prognoses to
date, indicating a mild clinical course in these patients.

When comparing the 99 SARS-CoV-2–infected MHD
patients with noninfected MHD patients, our findings are
similar to those of previous studies in the general popu-
lation1,19 and our earlier investigation of the MHD pop-
ulation.10 Hypertensive kidney disease as the primary
cause of kidney and cardiovascular disease as a comorbid
condition were more common in infected patients. The
most common symptoms were fever and cough, with
ground-glass opacity or patchy opacity involving both
lungs as the typical radiologic findings. Of the SARS-CoV-
2–infected patients, 25% who had been identified with
NAT and 79% of those identified by serologic testing were
asymptomatic during the whole clinical course. Decreased
white blood cell and lymphocyte counts, lower serum
calcium concentration, and elevated CRP levels were found
in patients with versus without infection. These findings
suggested an immune response in the infected MHD pa-
tients that is similar to that of the general population.11

Within SARS-CoV-2–infected patients, we compared
those identified by NAT versus antibody testing. The
antibody group had twice the proportion of current
smokers compared with the NAT group. Recent studies
suggest that smoking is linked to higher expression of
ACE2 (the receptor for SARS-CoV-2).20 Nonetheless, ac-
cording to the current literature, there is no strong evi-
dence supporting an association between smoking and the
prevalence or severity of COVID-19.21 However, respira-
tory symptoms caused by smoking may mask those caused
by the virus, making patients and health workers unaware
of the infection.

In the NAT-identified group, 12% of patients had 1 or
more family members with COVID-19 diagnosed
compared with none in the antibody-identified group,
which may indicate that lower viral loads were present in
patients identified by antibody testing. Examining the
timeline of infections in patients and their families may
provide further clarification. Also, patients in the antibody-
identified group were mostly asymptomatic, which in-
dicates the possible limited utility of case identification by
screening CT of the chest and NAT in asymptomatic
patients.
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It is unknown whether dialysis itself has an impact on
SARS-CoV-2 infection or disease severity. Previous studies
have demonstrated that continuous kidney replacement
therapy has been successfully applied in the treatment of
SARS, MERS, and sepsis infections22,23 by helping to
remove potentially damaging toxins and stabilizing the
metabolic and hemodynamic status of patients. Plasma
exchange and adsorption were shown to have a potential
effect in managing the cytokine storm and pathogenic
antibodies in 3 critically ill patients with COVID-19.24 The
possible benefits of other dialysis modalities in COVID-19
are still unknown. In our study, we found that infected
patients receiving hemodiafiltration or hemoperfusion
accompanied by hemodialysis tended to develop less
obvious symptoms and may have a milder clinical course
and lower virus load. Hemodiafiltration and hemoperfu-
sion are adjuvant therapies for sepsis and acute respiratory
distress syndrome in that they remove circulating endo-
toxin and inflammatory cytokines.25,26 The tissue damage
in patients with COVID-19 may be caused by an un-
checked cytokine storm,27,28 which could potentially be
alleviated by hemodiafiltration or hemoperfusion. How-
ever, the specific mechanism needs to be further
investigated.

There were several limitations of our study. Some pa-
tients may have been falsely characterized as infected with
SARS-CoV-2 because of false-positive NAT or antibody
testing results, whereas some infected patients may be
unrecognized because of false-negative test results. Also,
the data relating to patients identified by antibody sero-
positivity were retrospectively collected, medical infor-
mation at the onset of infection was difficult to obtain, and
complete laboratory testing was not always performed. To
gain a better understanding of the serologic response
profile and related mechanisms of SARS-CoV-2 infection in
MHD patients, long-term follow-up studies are needed.
The population studied was Chinese with kidney failure
primarily due to glomerulonephritis, so results may not be
generalizable to other populations.

By performing widespread serologic testing in MHD
patients, we obtained a better understanding of the full
spectrum of SARS-CoV-2 infection in these patients and
demonstrated the important role of antibody testing to
identify patients with asymptomatic infections. The large
proportion of subclinical cases increases the difficulty
identifying SARS-CoV-2–infected MHD patients and con-
trolling outbreaks in the dialysis centers. The combination
of radiologic evidence, NAT, and antibody testing was
critical for the optimal screening of SARS-CoV-2 infection
and for providing timely and accurate diagnosis and
appropriate isolation of infected patients.
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