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Background: There is a paucity of information regarding severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection in patients undergoing maintenance hemodialysis. We aimed to estimate the
cumulative attack rate of SARS-CoV-2 in hemodialysis patients in China using a serological test.

Methods: We enrolled all hemodialysis patients from 8 hemodialysis facilities in Honghu and Jingzhou of
Hubei province and Guangzhou and Foshan of Guangdong province in China. We screened these patients
for SARS-CoV-2 infection by both a reverse-transcriptase polymerase chain reaction (RT-PCR) test for viral
RNA and a serological test for IgG and IgM antibodies. Data on demographics and clinical characteristics
were collected via case report forms. We also enrolled the health care workers from the participating
hospitals and compared the seropositive rate between hemodialysis patients and health care workers in
the same region.

Results: Among 1542 hemodialysis patients, 5 (0.32%) and 51 (3.3%) were tested positive by the RT-PCR
test and the serological test, respectively. The seropositive rate in Hubei (3.6%) was higher than that in
Guangdong (2.8%), although the difference was not statistically significant (P = 0.5). Most of the sero-
positive patients were asymptomatic. Independent risk factors for SARS-CoV-2 infection were being older
than 65 years, having manifestation of lung infection in imaging examinations, and having a lower level of
serum albumin. In comparison, the seropositive rate in 3205 health care workers was 1.2% , which was
significantly lower than that observed in the hemodialysis patients (P < .001).

Conclusion: The cumulative rate of SARS-CoV-2 infection in hemodialysis patients in China was high at
3.3%. Serological test detected 10 times more cases of SARS-CoV-2 infection than the RT-PCR test and
should be the preferred tool for estimating the prevalence of coronavirus disease 2019 (COVID-19).
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2020.* As of June 6, 2020, approximately 6.8 million
cases of COVID-19 were reported in 188 countries
with nearly 400,000 deaths.’

COVID-19 has been reported in all ages, including
children.® Pregnant women, elderly individuals, and
patients with comorbidities are more susceptible to the

See Commentary on Page 1381

N ovel COVID-19 is a highly contagious disease
caused by SARS-CoV-2." ® The World Health Or-
ganization declared it a global pandemic on March 12,
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infection and are likely to experience more severe
illness.” Patients with end-stage kidney disease,
particularly those on in-facility hemodialysis, present a
potential risk for COVID-19. Patients on hemodialysis
are characterized by dysfunction in both the innate and
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adaptive immune system, which predisposes them to
an increased risk of infections and a diminished vaccine
response.8 To date, there is a paucity of information
regarding SARS-CoV-2 infection in patients undergoing
maintenance hemodialysis.

Detection of SARS-CoV-2 from asymptomatic sub-
jects™'” suggests that subclinical SARS-CoV-2 infection
is possible and could be seeding new outbreaks.
Currently, the reported cases of COVID-19 are those with
clinical symptoms, in close contact with the confirmed
cases, or with history of travel to the epidemic regions,
and relies on a RT-PCR test that is sensitive to the
method and the timing of specimen collection.”” A large
number of subclinical infection cases are believed to be
undetected. Therefore, it is crucial to assess the rates of
subclinical SARS-CoV-2 infection, particularly in
vulnerable populations, and to understand their infec-
tivity and future immunity to COVID-19.'"""?

The serological test for antibodies against SARS-
CoV-2 should provide a more accurate assessment on
the scope of the COVID-19 epidemic in a population
compared with the RT-PCR test. However, the sero-
logical test has not been available until very recently.
We conducted a screening survey on SARS-CoV-2
infection in patients from 8 hemodialysis facilities in
2 cities (Jingzhou and Honghu, Hubei province) close
to Wuhan, the epicenter of China, and another 2 cities
(Guangzhou and Foshan, Guangdong province) far
from the epicenter. The aim of the study was to esti-
mate the cumulative rates of SARS-CoV-2 infection
detected by both the RT-PCR test and the serological
test in patients on maintenance hemodialysis and
compare with that in health care workers in the same
regions.

METHODS

Study Design and Participants

We enrolled patients from 8 in-hospital hemodialysis
facilities in Honghu and Jingzhou of Hubei province
and Guangzhou and Foshan of Guangdong province in
China. Honghu and Jingzhou are 2 neighboring cities
200 kilometers west of Wuhan, the epicenter of China.
Guangzhou and Foshan are 2 neighboring cities 900
kilometers south of Wuhan. There were a total of 1567
patients on maintenance hemodialysis in these facil-
ities, of whom 1542 (98.4%) agreed and 25 (1.6%)
refused to participate in the study. We screened pa-
tients for SARS-CoV-2 infection by both an RT-PCR test
from nasopharyngeal swabs and a serological test for
IgG and IgM antibodies against a recombinant antigen
of the virus. We collected data on demographics,
clinical characteristics, computed tomography/radio-
logical examination and laboratory tests of the patients
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via case report forms filled out by physicians in the
participating facilities. We also enrolled 3205 health
care workers from the participating hospitals, of whom
2945 and 260 were from Hubei and Guangdong,
respectively. The health care workers received the
serological test only.

The Medical Ethics Committee of Nanfang Hospital
approved the study. All patients signed a consent form.

Laboratory Measurements

Nasopharyngeal swabs of the hemodialysis patients
were collected by trained nurses in the local facility,
and tested for SARS-CoV-2 RNA in a designated
virology laboratory in the region using the real-time
RT-PCR assay as previously reported.” The test re-
sults were further confirmed by local Center for Disease
Control and Prevention.

Serum samples were collected in local facilities. All
samples were inactivated at 56°C for 30 minutes and
stored at —20 °C before testing. The IgG and IgM an-
tibodies against SARS-CoV-2 were measured at a central
laboratory (Kingmed Diagnostic Center, China) using a
commercially available Magnetic Chemiluminescence
Enzyme Immunoassay kit (Bioscience, Chongqing,
China) according to the manufacturer’s instructions.'’
Antibody levels were expressed as the ratio of the
chemiluminescence signal over the cutoff value (S/CO).
An S/CO value of >1.0 for either IgG or IgM was
regarded as positive.

We independently validated the serological assay
using sera of 447 end-stage kidney disease/hemodialy-
sis patients collected before June 2019 as a negative
control and sera of 242 patients with COVID-19
confirmed by the viral nucleic acid test as a positive
control.'* In the validation, the serological test had an
overall sensitivity of 83% and specificity of 100%. In
patients with confirmed COVID-19, the cumulative
seropositive rates of IgG and IgM were 56% and 44%,
respectively, on the 7th day after the onset of symp-
toms, and reached 95% on the 16th day and the 20th
day, respectively. Both IgG and IgM levels can persist
for at least 28 days.

Statistical Analysis

Among 1567 hemodialysis patients enrolled, 25 missed
the case report forms and were excluded from further
analyses. Clinical characteristics of the patients were
summarized by strata of seropositive status. Continuous
variables were presented as mean = SD, and categorical
variables as counts and percentages. A single logistic
regression model was used to estimate the effects of age,
gender, region, comorbidities, symptoms, computed to-
mography findings, and laboratory tests on the risk of
being seropositive. In the regression, missing values were
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Table 1. The clinical characteristics and prognosis of the
hemodialysis patients confirmed with COVID-19 (n = 5)

Characteristics Patient 1 Patient 2 Patient 3 Patient 4 Patient 5
Age, yr 74 76 48 69 35
Gender Male  Female Female  Male Male
Exposure o source of fransmission Yes Yes No No No
Comorbidity

Diabetes No No No No No

Hypertension Yes Yes Yes Yes Yes

Coronary heart disease no No No No No

Malignant tumor no No No No No
Efiology of ESKD GN GN GN HTN HTN
Laboratory findings

White blood cell 3.27 5.02 6.57 6.95 6.36

Platelet 133 311 207 230 167

Lymphocyte 0.43 0.58 1.33 0.86 0.98

C-reacfive protein 8.35 63.0 7.38 6.03 —
Clinical sympfoms

Fever Yes No No No No

Cough No No No No No

Dyspnea No No No No No
Radiologic findings for pneumonia®

Chest computed fomography scan  Yes Yes Yes Yes Yes
Vasoactive drugs No No No No No
Mechanical ventilation No No No No No
Need for intensive care No No No No No
In-hospital death No No No No No

COVID-19, Coronavirus Disease 2019; ESKD, end-stage kidney disease.

®Including mottling ground-glass opacity, local or bilateral patchy shadowing.

assigned to the modal category. The difference between

groups was tested using the Mann-Whitney method for
. . . 2 .

quantitative variables and a " test for categorical

Seropositive rate, %

HD pa'tients HD pa'tients HD pa'tients
Hubei Guangdong Total

N
2
o

HCWs HCWs HCWs
Hubei Guangdong Total
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variables. In validation of the serological assays, the cu-
mulative rates of seropositive for IgG and IgM after the
onset of symptoms were estimated using the Kaplan-
Meier method in patients with COVID-19.

RESULTS

A total of 1542 patients, constituting >98% of the
patients on maintenance hemodialysis in the partici-
pating facilities, were screened by both an RT-PCR test
with a nasopharyngeal swab and a serological assay of
IgG and IgM antibodies to recombinant antigen of
SARS-CoV-2."” The RT-PCR tests were performed be-
tween January 21 and March 8, 2020, whereas the
serological tests were performed between March 1 and
15, 2020.

Among the hemodialysis patients in Hubei and
Guangdong, 5 (0.5%) and 0 (0%) tested positive for
viral RNA (Table 1), and 35 (3.6%) and 16 (2.8%)
tested positive for antibodies against SARS-CoV-2,
respectively (Figure 1). The levels of IgG and IgM an-
tibodies in hemodialysis patients are shown in
Supplementary Figure 1.

The demographic and clinical characteristics of the
patients stratified by the result of serological test are
summarized in Table 2. More than 95% of all serology-
positive patients were without any symptoms.
Serology-positive patients were on average 8 years
older than serology-negative patients and were more

Seropositive

. 1gG alone
B soth
. IgM alone

Figure 1. The seropositive rate of hemodialysis patients and health care workers. HCWs, health care workers; HD, hemodialysis.

1418

Kidney International Reports (2020) 5, 1416-1421



X Xu et al.: SARS-CoV-2 Infection in Hemodialysis Patients

Table 2. Demographic and clinical characteristics of the patients on
hemodialysis®

Serological test for SARS-CoV-2 antibody

Characteristics Negative, n = 1490 Positive, n = 51

Age, yr, n (%)

<40 197 (13.2) 0 (0)

40-64 794 (53.3) 23 (45.1)

=65 499 (33.5) 28 (54.9)
Gender, n (%)

Male 842 (56.5) 30 (58.8)

Female 648 (43.5) 21 (41.2)
Smoking, n (%)

Never 843 (63.4) 21 (48.8)

Current 162 (12.2) 6 (14.0)

Former 325 (24.4) 16 (37.2)

Region, n (%)

Hubei province 943 (63.3) 35 (68.6)

Guangdong province 547 (36.7) 16 (31.4)
Efiology of ESKD, n (%)

Glomerulonephritis 376 (25.2) 11 (21.6)

DKD 200 (13.4) 8 (15.7)

Hypertension 325 (21.8) 11 (21.6)

Obstructive nephropathy 43 (2.9) 2 @39

Hereditary renal disease 55 (3.7) 239

Other 86 (56.8) 2 @39

Unknown 405 (27.2) 15 (29.4)
Dialysis years, mean (SD) 3.6 (6.6) 3.4 (3.5)
Comorbidities, n (%)

Hyperfension 1104 (74.1) 36 (70.6)

Diabetes 268 (18.0) 12 (23.5)

Coronary heart disease 121 (8.1) 7 (13.7)

Malignant tumor 19 (1.3) 0 (0)
CT findings, n (%)

Having signs of lung infection 296 (30.6) 24 (58.5)

No signs of lung infecfion 672 (69.4) 17 (41.5)
Respiratory symptoms, n (%)

Yes 21 (1.6) 2@47

No 1329 (98.4) 41 (95.3)
Serum albumin, g/l, n (%)

<35 1156 (12.4) 11 (32.4)

=35 810 (87.6) 23 (67.6)
Hemoglobin, g/I, n (%)

<90 318 (22.3) 9 (18.0)

=90 1109 (77.7) 41 (82.0)
Leukocyte count, 10%1, n (%)

>10 64 (4.5) 3(6.1)

4-10 1172 (82.3) 38 (77.6)

<4 188 (13.2) 8 (16.3)
Lymphocyte count, 10%, n (%)

=1 788 (55.5) 21 (42.9)

<1 632 (44.5) 28 (67.1)
C-reactive protein, mg/l, n (%)

=10 147 (20.4) 8 (24.2)

<10 575 (79.4) 25 (75.8)

CT, computed tomography, DKD, diabetic kidney disease; ESKD, end-stage kidney
disease; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

Signs of lung infection on CT included ground-glass opacity, local or bilateral patchy
shadowing. Symptoms included fever, cough, sputum, and dyspnea. For some clinical
features, the sample size of all subgroups may not sum up to the total sample size due
to missing values.

?0ne participant was excluded from analysis due to missing of sex, age and comor-
bidities data.
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likely to have manifestations of lung infection in chest
computed tomography and lower level of serum albu-
min (P < 0.01 for all). Otherwise, the 2 groups shared
similar clinical features, including the etiology of end-
stage kidney disease, presence of comorbidities, and
the counts of leukocytes and lymphocytes. Although
the observed infection rate in the patients from Hubei
seemed to be higher than that from Guangdong, the
differences were not statistically significant (P = 0.5).
In our regression analysis, being older than 65 years,
having manifestation of lung infection in imaging ex-
aminations, and lower serum albumin were indepen-
dent risk factors for SARS-CoV-2 infection, with
corresponding odds ratios (95% confidence intervals)
of 2.17 (1.22-3.87), 2.96 (1.65-5.33), and 3.37 (1.53—
7.40), respectively (Table 3).

As a comparison, the seropositive rate was 1.2% (36/
2945) and 1.2% (3/260) among health care workers in
Hubei and Guangzhou, respectively. When pooled
over the regions, the seropositive rate in the hemodi-
alysis patients was significantly higher than that
observed in health care workers in the same regions
(P < 0.001) (Figure 1).

DISCUSSION

To the best of our knowledge, this is the first multi-
center survey to estimate the rates of SARS-CoV-2
infection detected by both the RT-PCR test and the
serological antibody test in hemodialysis patients and
health care workers. In the hemodialysis population,
the positive rate detected by the serological antibody
test was high at 3.3% compared with 0.32% detected
by the RT-PCR test. More than 90% of the infections
detected by the serological test were missed by the RT-
PCR test, highlighting the inefficiency of the RT-PCR test
as a tool for estimating the prevalence of COVID-19.
Detection of asymptomatic or mild SARS-CoV-2 infec-
tion is critical for understanding the overall prevalence
and the infection potential of COVID-19. Asymptomatic
patients may evade current RT-PCR—based surveillance
methods and constitute a significant proportion of the
disease population. Many of these patients may be
detected only by a serology-based screening method.
However, presence of antibodies indicates a history of
SARS-CoV-2 infection, not necessarily an active infec-
tion. The fact that asymptomatic infectors are potential
sources of SARS-CoV-2 outbreaks'”'” warrants a sys-
tematic assessment for the prevalence and transmission
dynamics in these individuals.

Herd immunity has been proposed as a strategy for
prevention and control of future SARS-CoV-2 infection
and outbreak, which is predicted to occur when
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Table 3. The logistic regression model for SARS-CoV-2 infection in hemodialysis patients
Univariable model

Multivariable model®

Frequency,

Variable % 0dds ratio 95% ClI P 0dds ratio 95% ClI P
Province: Hubei 63.5 1.27 0.70-2.31 0.44 1.59 0.80-3.16 0.18
Sex: female 434 0.91 0.52-1.60 0.74 0.91 0.51-1.63 0.76
Age: >65 yr 34.2 2.42 1.38-4.24 0.002 217 1.22-3.87 0.009
Respiratory symptom: yes 15 2.86 0.65-12.5 0.16 2.46 0.50-12.1 0.27
CT sign of lung infecfion: yes 20.8 3.58 2.04-6.30 9x10°® 2.96 1.65-5.33 0.0003
Lymphocyte count: <1 x 10% 428 1.65 0.94-2.90 0.08 1.47 0.82-2.63 0.19
CRP: >10 mg/I 10.1 1.70 0.78-3.68 0.18 1.05 0.45-2.45 091
Hemoglobin: <90 g/l 211 0.79 0.38-1.64 0.53 0.46 0.21-1.03 0.058
Serum albumin: <35 g/I 8.2 3.29 1.64-6.58 0.0008 3.37 1.63-7.40 0.002
Comorbidity: yes 76.2 0.74 0.40-1.37 0.34 0.76 0.40-1.45 0.40

Cl, confidence interval; CRP, C-reactive protein; CT, computed tomography; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
2The multivariable logistic regression model included all the variables listed in the table as the independent variables.

two-thirds of the population is infected. Our current
study populations do not cover the most severe
epidemic regions such as Wuhan, and the current cu-
mulative infection rates from our study are lower than
that reported in New York City'® and far lower than
the two-thirds population threshold for herd immu-
nity. Due to the cross-sectional design of the current
study, we are not able to monitor the dynamic changes
of antibody titer in the infected patients. It would be of
importance to know how long the antibodies persist in
an individual and the quantitative titer of antibodies in
an asymptomatic patient that may provide immunity
against future infections.

In our hemodialysis population, manifestation of
lung infection in imaging studies is an independent
predictor for SARS-CoV-2 infection. However, more
than 30% of the seronegative patients who received
chest computed tomography also had manifestation of
lung infection, including ground-glass opacity, sug-
gesting that such imaging features are not specific
markers for SARS-CoV-2 infection.

The prevalence of COVID-19 confirmed by the RT-
PCR test in our dialysis population in Hubei (5 of
978) was at least an order of magnitude higher than that
reported in the general populations from the same re-
gions, which was 2.5 per 10,000."” This difference may
be partly explained by the limited and selective testing
in the general population, which results in substantial
underestimation of the disease prevalence.'® In our
study, the cumulative rates of SARS-CoV-2 infection in
hemodialysis patients was higher than that in health
care workers from the same regions. This may be
attributable to multiple factors. First, the hemodialysis
population is older than that of health care workers.
Second, hemodialysis patients must visit the dialysis
facilities regularly even if an infection has been sus-
pected. Thus, the hemodialysis facilities may become a
cesspool environment similar to nursing home facilities.
Third, compared with health care workers, dialysis

1420

patients may have a lower level of personal protection.
Finally, dialysis patients may be more susceptible to
SARS-CoV-2 infection due to acquired immunodefi-
ciency. Good management of hemodialysis patients
during the epidemic requires aggressive testing in
these patients, early isolation of the patients suspected
of infection, intensive disinfection of the dialysis
equipment, and adequate personal protection in both
health care workers and the patients.

Our study is subject to several limitations. First, the
relatively small number of seropositive cases prevented
us from a more detailed analysis among subgroups.
Second, the serological tests were performed at local
laboratories using different assay kits. However, all
these kits were approved by the National Medical
Products Administration of China. Third, the sensi-
tivity of the serological test depends on the timing, the
level, and the duration of antibody production after
SARS-CoV-2 infection. Testing too soon (before the
start of antibody production) or too late (after the stop
of antibody production) or in individuals with immu-
nodeficiency may produce a false negative result. For
this reason, the serological test may underestimate the
prevalence of SARS-CoV-2 infection.

In summary, we estimated a cumulative rate of 3.6%,
and 2.8% for SARS-CoV-2 infection in hemodialysis pa-
tients in Hubei and Guangdong, respectively. The sero-
logical test detected 10 times more cases of SARS-CoV-2
infection than the RT-PCR test and should be the
preferred tool for estimating the prevalence of COVID-19.
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