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Rationale & Objective: Reported coronavirus dis-
ease 2019 (COVID-19) cases underestimate the
actual number of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) infections.
Patients receiving maintenance dialysis are at high
risk for COVID-19 and higher case rates have been
reported relative to the general population. To
better understand infection patterns, we
performed a seroprevalence study among
maintenance dialysis patients at a large dialysis
organization in the United States.

Study Design: Cross-sectional.

Setting & Participants: We measured immuno-
globulin G antibodies in an institutional review
board–approved study of remnant serum samples
collected for routine laboratory screenings in a
national sample of 12,932 maintenance dialysis
patients (May 27 to July 1, 2020).

Exposure: State, sex, age, and race.

Outcomes: Seropositivity; ratio of seropositivity to
known COVID-19 case rate.

Analytic Approach: Seropositivity was calculated
overall and by state, sex, age, and race. The ratio of
seropositivity to known COVID-19 cases was
calculated overall and by state.

Results: 747 (5.8%) samples were seropositive.
Seroprevalence varied by state and was lowest in
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Kentucky (1.0%) and highest in New York (23.6%).
Seroprevalence was similar among men and
women. Among samples from patients younger
than 70 years, 6.0% to 6.5% were seropositive;
whereas 5.2% and 3.9% of samples from patients
aged 70 to 79 and 80 years or older, respectively,
were seropositive. Samples from Black and His-
panic patients were 7.3% and 7.7% positive,
respectively, compared with 2.8% of samples from
White patients. After adjustment, risk differences
among racial groups were lower but not eliminated.
During the study period, the known COVID-19
case rate was 3.3%. The ratio of seropositivity to
known COVID-19 cases was 1.7.

Limitations: Imperfect assay sensitivity; results
represent infections occurring before July 2020;
deidentification prevented comparison of anti-
bodies to previous COVID-19 status for
individual patients; may not generalize to
patients dialyzing with other providers or in
other countries.

Conclusions: Seroprevalence was 5.8% among
dialysis patients as of July 1, 2020. This in-
dicates that the actual number of infections was
1.7 times greater than reported cases. This ra-
tio is lower than reported in the general popu-
lation, suggesting that there were fewer
unknown infections among maintenance dialysis
patients.
Coronavirus disease 2019 (COVID-19), caused by
novel severe acute respiratory syndrome coronavirus

2 (SARS-CoV-2), was declared a global pandemic on
March 11, 2020.1 As of July 31, 2020, there were more
than 17 million confirmed cases worldwide, including
nearly 5 million in the United States. SARS-CoV-2 infection
can result in a spectrum of clinical manifestations ranging
from asymptomatic to severe symptomatology, including
hypoxia, respiratory failure, and death.2 Because any
infected patient can transmit SARS-CoV-2,3 it is vital to
understand the actual burden of infection above and
beyond the reported case rates of symptomatic COVID-19.

In the United States, shortages in testing supplies and
infrastructural limitations have precluded large-scale sur-
veillance efforts. Fortunately, the seropositivity of anti-
–SARS-CoV-2 antibodies can be used to illuminate the
underlying infection rates post hoc. Not surprisingly,
given challenges in testing and surveillance, data from the
general population in the United States demonstrate a large
number of unreported SARS-CoV-2 infections that exceed
the number of reported COVID-19 cases by many fold.4-6

Patients with end-stage kidney disease receiving main-
tenance dialysis represent a special case because they are
enriched for several characteristics that are putative risk
factors for COVID-19, including older age, high pro-
portions of people of color, a dense urban geographic
footprint, and disproportionate rates of heart failure, dia-
betes, and obesity.2,7 Therefore, it may not be surprising
that reported case rates are higher in these patients than in
the general population.8 However, most maintenance
dialysis patients are treated with hemodialysis. Following
guidance from the Centers for Disease Control and Pre-
vention, US dialysis organizations have put into place
robust entrance screening procedures whereby all patients
entering a clinic are asked about symptoms, high-risk
contacts, or both. Patients who screen positive then un-
dergo testing for viral RNA.9 These procedures, as well as
the high rate of interaction with the health care system
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PLAIN-LANGUAGE SUMMARY
There are likely more severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infections than reported
coronavirus disease 2019 (COVID-19) cases, and case
rates are reportedly higher in dialysis patients versus the
general population. We measured SARS-CoV-2 anti-
bodies in a national sample of US dialysis patients.
Seroprevalence ranged from 1.0% to 23.6% for indi-
vidual states and 5.8% overall. Seroprevalence was not
different among men and women; the lower seropre-
valence among older patients was likely due to greater
infection-related mortality. Consistent with known
disparities in COVID-19 incidence, seropositivity was
greater among non-White versus White patients. There
were 1.7 times more infections than reported COVID-
19 cases, lower than that reported for the general
population. Thus, despite higher case rates, the gap
between known and unknown infections is smaller for
dialysis patients than for the general population.

Walker et al
(w13 clinic visits per month for dialysis treatments), may
lead to a narrower gap between viral infections and re-
ported cases among maintenance dialysis patients.

Because dialysis patients undergo routine monthly lab-
oratory testing, leftover patient samples provide an op-
portunity to explore SARS-CoV-2 seropositivity. We
performed this national seroprevalence survey among pa-
tients receiving dialysis from a single provider organiza-
tion to understand better: (1) the prevalence of SARS-CoV-
2 infection nationally and within individual states, (2)
how SARS-CoV-2 seropositivity varies across subgroups of
patients, and (3) the magnitude of the gap between SARS-
CoV-2 seropositivity and known COVID-19 case rates.
METHODS

Antibody Testing in Remnant Serum Samples

The protocol for this study was reviewed by an indepen-
dent institutional review board (IntegReview Institutional
Review Board) and it was determined that under Title 45,
part 46, of the US Department of Health and Human
Services’ Code of Federal Regulations, this study was
exempt and informed consent was not required. This study
used deidentified remnant serum samples collected for
routine laboratory screening from a national sample of
maintenance dialysis patients treating with DaVita in the
United States.

Blood samples were collected before dialysis treatment
in a 5-mL serum separation tube, clotted for 30 minutes,
centrifuged, and refrigerated before shipment. All samples
were processed at a centralized, accredited laboratory
(DaVita Labs). During the course of 6 weeks (May 27 to
July 1, 2020), a quasi-random set of tubes from those
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processed on the prior day were identified using FlexLab
automation software (Inpeco SA) to undergo immuno-
globulin G (IgG) antibody testing. On average, 2,115
remnant samples were processed per week during the
study.

Indirect chemiluminescence immunoassays for anti-
SARS-CoV2 IgG antibodies (Diazyme Laboratories, Inc)
were performed according to the manufacturer’s protocol.
The tests detect antibodies against the SARS-CoV-2 spike
and nucleocapsid proteins. Per the manufacturer’s
recommendation, samples were scored IgG positive if the
corresponding test reading was >1 arbitrary unit/mL and
negative otherwise. In addition to IgG concentration, pa-
tient sex, age, race, zip code, and collection date were
recorded for each sample. Because this was a remnant
sample study, no attempts were made to identify patients
or link findings to medical record data.
Statistical Analysis

Reported COVID-19 cases and deaths among patients with
a COVID-19 diagnosis through July 1, 2020, were ascer-
tained from DaVita electronic medical records overall and
by US state. Beginning in March 2020, universal screening
was performed on entrance to DaVita clinics. All DaVita
clinics use standardized screening tools and all clinic
personnel are trained to perform screening in a standard-
ized manner. Patients screening positive for COVID-19
symptoms or indicating recent contact with individuals
with COVID-19 diagnosed were subsequently tested for
viral RNA with a nasal swab and a polymerase chain re-
action assay. Patients with a positive polymerase chain
reaction test result were assigned a COVID-19 diagnosis.
Additionally, patients reporting receipt of a positive
COVID-19 test result from another health care setting, such
as a hospital or department of health screening center,
were also assigned a COVID-19 diagnosis.

Seroprevalence was determined by calculating the pro-
portion of samples considered IgG positive overall and
stratified by sample collection date, sex, age, race, and
state. CIs were estimated using an exact binomial distri-
bution. Seroprevalence estimates by patient race were also
adjusted for age, population density, median income, and
geographic COVID-19 prevalence using a generalized
linear model. Age was considered as the following cate-
gories: younger than 50, 50 to 59, 60 to 69, 70 to 79, and
80 years or older. Population density and median income
were assigned based on the zip code of the dialysis clinic
and derived from the 2010 US Census and were consid-
ered as continuous variables. Geographic COVID-19
prevalence was dichotomized at the state level into high
(New York, New Jersey, Connecticut, Massachusetts,
Michigan, and Louisiana) and low prevalence (all others)
based on known case burden among the general popula-
tion through April 30, 2020. Relative risk was estimated
based on a binomial distribution and was considered as the
ratio of proportions.
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Table 1. Patient Demographics and Characteristics of Remnant
Samples

Patient Samples (N =12,932)
Women 5,394 (41.7%)
Age category
<50 y 2,398 (18.5%)
50-59 y 2,669 (20.6%)
60-69 y 3,568 (27.6%)
70-79 y 2,873 (22.2%)
≥80 y 1,424 (11.0%)

Race/ethnicity
Black 4,179 (32.3%)
White 4,354 (33.7%)
Hispanic 2,579 (19.9%)
Asian 529 (4.1%)
Other/unknown/missing 1,291 (10.0%)
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Figure 1. Seroprevalence of remnant samples by sample collec-
tion week. Plotted are the proportion of patient samples that
were positive for immunoglobulin G and 95% confidence limits.
Overall seroprevalence is depicted by the center line on the dia-
mond, with 95% confidence limits represented by the top and
bottom peaks.

Women
Men

<50 years
50-59 years
60-69 years
70-79 years

≥80 years

Black
White

Hispanic
Asian

Other/unknown/missing

0% 3% 6% 9%
Seroprevalence

Figure 2. Seroprevalence by patient sex, age, and race. Plotted
are the proportion of patient samples that were positive for
immunoglobulin G and 95% confidence limits. Overall seropre-
valence (dashed lines) and 95% confidence limits (gray rect-
angle) shown for reference.
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Samples were collected from all contiguous US states
except for those without DaVita clinics (Vermont and
Wyoming) and from Washington, DC and were used in
overall analyses and analyses stratified by sex, age, and
race. For state-level analyses, states from which fewer than
50 samples were available (Idaho, Maine, Montana, North
Dakota, Nebraska, New Hampshire, New Mexico, Rhode
Island, South Dakota, Utah, and West Virginia) are not
reported because insufficient sample sizes limited precision
and therefore generalizability to the general population.

Given the deidentified nature of the sample collection,
correspondence between COVID-19 case status and sero-
logic status could not be examined at the level of indi-
vidual patients. Instead, we considered the ratio of
aggregate known case rate to aggregate seropositivity rate,
henceforth termed the infection discovery ratio. The
infection discovery ratio was considered at the national
level and at the level of individual states. Because patients
who had died of COVID-19 before the sample collection
period otherwise counted as cases but were not sampled
for seroprevalence, they were not counted toward the
numerator of the infection discovery ratio. The infection
discovery ratio was calculated as a cross-section as of July
1, 2020.
RESULTS

We tested 12,932 remnant serum samples for IgG anti-
bodies for SARS-CoV-2. Table 1 contains demographic
characteristics of the patients from whom the samples were
obtained. Overall, 747 (5.8%) samples were seropositive.
There was no longitudinal trend observed in seropositivity
(Fig 1).

Figure 2 shows seroprevalence by patient sex, age, and
race. There was no difference in seroprevalence among
samples from men and women. Seroprevalence was 6.0%
to 6.5% among samples from patients younger than 70
years, 5.2% among samples from patients 70 to 79 years
old, and 3.9% for samples from patients 80 years or older.
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Seroprevalence was 7.3%, 2.8%, 7.7%, and 6.7% among
samples from Black, White, Hispanic, and Asian patients,
respectively. Compared with samples from White patients,
this represented a crude relative risk of 2.6, 2.7, and 2.4
for samples from Black, Hispanic, and Asian patients,
respectively. After adjustment for demographic,
geographic, and socioeconomic factors, the relative risk
was 1.6 for samples from both Black and Hispanic patients
and 1.3 for samples from Asian patients.

Table 2 shows seroprevalence among patient samples
and reported COVID-19 case rates for US states with 50 or
more tested patient serum samples. Seroprevalence ranged
from 1.0% to 23.6%. Seroprevalence was highest in New
York, with 82 (23.6%) seropositive samples, and lowest in
Kidney Med Vol 3 | Iss 2 | March/April 2021



Table 2. Comparison of Seroprevalence and Reported COVID-19 Case Rates Overall and by State

State
No. of Serum
Samples

No. of Seropositive
Samples

Seroprevalence
(95% CI)

Reported
Case Rate

Infection Discovery
Ratio

Overall 12,932 747 5.8% (5.4%-6.2%) 3.3% 1.7
Alabama 179 4 2.2% (0.1%-4.4%) 3.0% 0.8
Arizona 291 16 5.5% (2.9%-8.1%) 4.4% 1.3
Arkansas 141 2 1.4% (0.0%-3.4%) 1.7% 0.8
California 2,255 115 5.1% (4.2%-6.0%) 2.4% 2.1
Colorado 127 7 5.5% (1.5%-9.5%) 2.7% 2.0
Connecticut 112 17 15.2% (8.5%-21.8%) 9.0% 1.7
Florida 2,170 75 3.4% (2.6%-4.1%) 1.8% 1.9
Georgia 487 38 7.8% (5.4%-10.2%) 3.2% 2.4
Illinois 439 38 8.7% (6.0%-11.3%) 4.7% 1.8
Indiana 152 8 5.3% (1.7%-8.8%) 3.0% 1.8
Iowa 80 2 2.5% (0.0%-5.9%) 2.7% 0.9
Kansas 84 2 2.4% (0.0%-5.6%) 1.5% 1.6
Kentucky 97 1 1.0% (0.0%-3.0%) 1.9% 0.5
Louisiana 91 15 16.5% (8.9%-24.1%) 5.5% 3.0
Maryland 360 26 7.2% (4.6%-9.9%) 3.9% 1.9
Massachusetts 112 13 11.6% (5.7%-17.5%) 8.4% 1.4
Michigan 371 31 8.4% (5.5%-11.2%) 4.3% 1.9
Minnesota 167 7 4.2% (1.2%-7.2%) 3.4% 1.2
Mississippi 59 1 1.7% (0.0%-5.0%) 3.4% 0.5
Missouri 141 7 5.0% (1.4%-8.6%) 2.6% 1.9
Nevada 145 6 4.1% (0.9%-7.4%) 2.2% 1.9
New Jersey 389 55 14.1% (10.7%-17.6%) 9.3% 1.5
New York 348 82 23.6% (19.1%-28.0%) 9.4% 2.5
North Carolina 443 16 3.6% (1.9%-5.4%) 1.5% 2.3
Ohio 337 10 3.0% (1.2%-4.8%) 1.7% 1.8
Oklahoma 125 2 1.6% (0.0%-3.8%) 1.0% 1.5
Oregon 153 6 3.9% (0.9%-7.0%) 0.9% 4.5
Pennsylvania 440 27 6.1% (3.9%-8.4%) 3.9% 1.6
South Carolina 140 8 5.7% (1.9%-9.6%) 2.4% 2.4
Tennessee 263 8 3.0% (1.0%-5.1%) 1.7% 1.8
Texas 1,300 38 2.9% (2.0%-3.8%) 2.6% 1.1
Virginia 354 26 7.3% (4.6%-10.1%) 3.2% 2.3
Washington 195 10 5.1% (2.0%-8.2%) 2.3% 2.2
Wisconsin 140 7 5.0% (1.4%-8.6%) 2.4% 2.1
Abbreviation: COVID-19, coronavirus disease 2019.
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Kentucky, for which 1 (1.0%) sample was seropositive.
Overall, the reported COVID-19 case rate was 3.3% of all
patients. The reported COVID-19 case rate ranged from
1.9% to 9.4% of patients by state. The highest reported
COVID-19 case rates were in New York (9.4%) and the
lowest were in Oregon (1.9%). Overall, the infection
discovery ratio was 1.7 but ranged from 0.5 to 4.5 for
individual states.
DISCUSSION

In this study, we found that seroprevalence of antibodies
to SARS-COV-2 among maintenance dialysis patients in the
United States varied by geography, age, race, and ethnicity.
Moreover, our data indicate that there were more in-
fections than known COVID-19 cases among the mainte-
nance dialysis patient population as of July 1, 2020.
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Globally, there is evidence that reported COVID-19 case
rates underestimate the true burden of SARS-CoV-2
infection. Maintenance dialysis patients have many char-
acteristics that put them at high risk for COVID-19, and it
has been reported that case rates are higher than in the
general population. We measured antibodies to SARS-CoV-
2 using remnant serum samples in a large national sample
of US dialysis patients. We sought to understand the
prevalence of SARS-CoV-2 infection nationally and within
individual states, the variability of seropositivity among
patient subgroups, and the magnitude of the gap between
SARS-CoV-2 seropositivity and known COVID-19 case
rates among maintenance dialysis patients.

We estimated the national seroprevalence of SARS-CoV-
2 among US maintenance dialysis patients to be 5.8% as of
July 1, 2020. Unfortunately, there have been no published
national seroprevalence studies among the US general
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population to compare with our estimates in dialysis pa-
tients. Moreover, there are salient differences between the
US general population and the dialysis patient population
in terms of characteristics, health status, and the ability to
shelter in place; therefore, we did not attempt to stan-
dardize our estimates to extrapolate seroprevalence to the
US general population.

At the state level, seropositivity rates in our sample were
directionally similar to reported case rates. For example,
New York and New Jersey, states with high reported case
burdens, had among the highest seropositivity rates in our
sample, and Kentucky and Arkansas, states with low re-
ported case burdens, had among the lowest seropositivity
rates in our sample. Direct comparison of seropositivity
rates in our sample to the general population of states must
be interpreted cautiously for 2 important reasons: (1) our
seroprevalence data were from a later period and are
subject to be higher as the epidemic progressed and (2)
the high-risk nature of maintenance dialysis patients.
However, for states for which general population data have
been reported, seroprevalence in the dialysis population
was approximately 2 to 3 times that in the general pop-
ulation: Louisiana (16.5% vs 5.8%), Connecticut (15.2%
vs 4.9%), Missouri (5.0% vs 2.7%), and New York (23.6%
vs 12.5%).4,5 Notwithstanding these limitations (which
would tend to bias in a direction that exaggerates risk in
the dialysis population), this difference in seroprevalence
is substantively lower than the 5-fold difference in re-
ported case rates between maintenance dialysis patients
and the general population.8

Next, we sought to understand how seropositivity dif-
fers by patient demographics. Similar to other seropreva-
lence studies, we did not observe a difference between
samples from men and women.4,10-12 Samples from pa-
tients older than 70 years were less likely to be seroposi-
tive. Mortality is higher among older patients with COVID-
19 diagnosed2; therefore, it is possible that there were
fewer samples available from older patients who were
infected by SARS-CoV-2. The relative risk for infection was
greater among samples from non-White patients compared
with samples from White patients, a fact that should be
neither underestimated nor overlooked. There is evidence
of racial and ethnic disparities in COVID-19 incidence and
outcomes within the general population, reflecting well-
known health inequities within the United States.7,13-17

Some of the factors associated with health inequities are
greater poverty and a higher probability of residing in
densely populated urban areas among minorities.18 DaVita
has many clinics in urban areas and has a large presence in
specific geographies that were severely affected early in the
pandemic, such as the Bronx.

After adjustment for demographic, geographic, and
socioeconomic factors, the relative risk for infection was
comparatively lower; however, the residual inequities in
infections are troubling. Our observations are supported
by an ecological analysis examining the correlation be-
tween COVID-19 positivity per capita with
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sociodemographic characteristics and the number of dial-
ysis stations for zip codes in Cook County, Illinois. The
authors observed that positive tests per capita were posi-
tively correlated with the number of dialysis stations,
percentage of households living in poverty, and percentage
of residents of Black race and Hispanic ethnicity.19

Finally, we compared seroprevalence estimates to
known COVID-19 cases to quantify the gap between
recognized and unrecognized infections in the mainte-
nance dialysis patient population. Comparison of the
known COVID-19 cases (3.3%) to SARS-CoV-2 seropre-
valence (5.8%) indicates that there were 1.7 times more
infections than known cases as of July 1, 2020. Similar
estimates were reported for hemodialysis patients in China
and the United Kingdom.20,21 However, our estimate is
lower than that reported for the general population, which
ranged from 6 to 43 times more than the number of
known cases in US states for which data have been re-
ported and 10 to 16 times in European locales.4-6,10,11,22

The lower number of unrecognized infections among
dialysis patients is likely related to higher testing rates
relative to the general population. Most DaVita patients
visit a clinic 3 times per week for hemodialysis treatments,
are screened upon clinic entry, and are referred for testing
if symptoms are present. Therefore, it is highly probable
that infections among dialysis patients are recognized at a
greater rate than in the general population.

Another recently published study measured the sero-
prevalence of SARS-CoV-2 antibodies in serum samples
from 28,503 patients treating at various independent
dialysis providers throughout the United States.12 In gen-
eral, we observed similar patterns of infection among pa-
tient types and geographies as they reported. However,
their overall seroprevalence estimate was higher than in
our study (8.3% vs 5.8%). This difference is most likely
because their samples were collected in July 2020, when
national case rates were quickly increasing, whereas most
of our samples were collected in June, when case rates
were relatively steady. Another key difference is that our
study was performed among patients dialyzing with a
single provider, which treats approximately one-third of
all maintenance dialysis patients in the United States and
therefore our results may be more representative of the
patient population in the United States.

There are limitations to our study. The sensitivity of the
antibody assay is imperfect; therefore, it is likely that the
seroprevalence and number of undetected infections esti-
mated here are low. Samples were collected May 27 to July
1, 2020, when the daily new case rate in the United States
was at a steady state after the initial peak in April. There
was a national resurgence in cases beginning in late June,
which is not reflected in antibodies measured here,
possibly due to insufficient time for seroconversion before
study end. Because dialysis patients have impaired anti-
body responses, it is possible that some infected patients
did not develop or lost IgG to SARS-CoV-2 and therefore
were misclassified as never infected. The remnant samples
Kidney Med Vol 3 | Iss 2 | March/April 2021
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were deidentified and we could not match samples to
previously known COVID-19 cases; therefore, we could
not determine the proportion of cases that were truly
asymptomatic or the relationship between symptom onset
and antibody levels for those who were considered
COVID-19 positive. Finally, this study was limited to pa-
tients at a single dialysis organization in the United States
and may not generalize to maintenance dialysis patients
treating with other providers or in other countries.

In conclusion, we analyzed antibodies to SARS-CoV-2 in
blood samples from more than 12,000 dialysis patients in
the United States and observed a seroprevalence of 5.8% as
of July 1, 2020. We observed similar patterns of infection
among specific demographic groups and US geographies, as
reported for the US general population. Our results indicate
that there are 1.7 times as many SARS-CoV-2 infections as
known COVID-19 cases among dialysis patients. However,
due to tight surveillance, the number of unknown infections
among dialysis patients appears to be substantially lower
than reported among the general population.
ARTICLE INFORMATION

Authors’ Full Names and Academic Degrees: Adam G. Walker,
PhD, Scott Sibbel, PhD, MPH, Curtis Wade, MS, Nick Moulton,
BA, Gilbert Marlowe, BS, Amy Young, BA, Stephen Z. Fadem,
MD, and Steven M. Brunelli, MD, MSCE.

Authors’ Affiliations: DaVita Clinical Research, Minneapolis, MN
(AGW, SS, GM, AY, SMB); DaVita Labs, DeLand, FL (CW, NM);
and Baylor College of Medicine, Houston, TX (SZF).

Address for Correspondence: Steven M. Brunelli, MD, MSCE, 825
S 8th St, Ste 300, Minneapolis, MN 55404. E-mail: steven.brunelli@
davita.com

Authors’ Contributions: Research area and study design: AY, CW,
NM, SMB; data acquisition: CW, NM, GM; statistical analysis: SS,
AGW; data analysis and interpretation: AGW, SS, SZF, SMB;
supervision and mentorship: AY, SZF, SMB. Each author
contributed important intellectual content during manuscript
drafting or revision and accepts accountability for the overall work
by ensuring that questions pertaining to the accuracy or integrity
of any portion of the work are appropriately investigated and
resolved.

Support: None.

Financial Disclosure: Dr Walker, Dr Sibbel, Mr Marlowe, Ms Young,
and Dr Brunelli are employees of DaVita Clinical Research. Mr Wade
and Mr Moulton are employees of DaVita Labs. Dr Brunelli’s spouse
is an employee of AstraZeneca.

Peer Review: Received December 2, 2020. Evaluated by 2 external
peer reviewers, with direct editorial input from the Editor-in-Chief.
Accepted in revised form January 20, 2021.
REFERENCES
1. World Health Organization Director-General’s opening remarks

at the media briefing on COVID-19 - 11 March 2020.
Vol 20202020, https://www.who.int/dg/speeches/detail/
who-director-general-s-opening-remarks-at-the-media-briefing-
on-covid-19—11-march-2020. Accessed August 3, 2020.

2. Wiersinga WJ, Rhodes A, Cheng AC, Peacock SJ,
Prescott HC. Pathophysiology, transmission, diagnosis, and
Kidney Med Vol 3 | Iss 2 | March/April 2021
treatment of coronavirus disease 2019 (COVID-19): a review.
JAMA. 2020;324(8):782-793.

3. Lee S, Kim T, Lee E, et al. Clinical course and molecular viral
shedding among asymptomatic and symptomatic patients with
SARS-CoV-2 infection in a community treatment center in the
Republic of Korea. JAMA Intern Med. 2020;180(11):1-6.

4. Havers FP, Reed C, Lim T, et al. Seroprevalence of antibodies
to SARS-CoV-2 in 10 sites in the United States, March 23-May
12, 2020 [published online ahead of print July 21, 2020].
JAMA Intern Med. 2020; https://doi.org/10.1001/jamai-
nternmed.2020.4130.

5. Rosenberg ES, Tesoriero JM, Rosenthal EM, et al. Cumulative
incidence and diagnosis of SARS-CoV-2 infection in New York.
Ann Epidemiol. 2020;48:23-29. e24.

6. Sood N, Simon P, Ebner P, et al. Seroprevalence of SARS-
CoV-2-specific antibodies among adults in Los Angeles
County, California, on April 10-11, 2020. JAMA.
2020;323(23):2425-2427.

7. Garg S, Kim L, Whitaker M, et al. Hospitalization rates and
characteristics of patients hospitalized with laboratory-
confirmed coronavirus disease 2019 - COVID-NET, 14
States, March 1-30, 2020. MMWR Morb Mortal Wkly Rep.
2020;69(15):458-464.

8. Centers for Medicare & Medicaid Services. Preliminary Medi-
care COVID-19 data snapshot 2020, https://www.cms.gov/
files/document/medicare-covid-19-data-snapshot-fact-sheet.pdf,
Accessed August 1, 2020.

9. Centers for Disease Control and Prevention. Screening and
triage: screening dialysis patients for COVID-19.
Vol 20202020, https://www.cdc.gov/coronavirus/2019-ncov/
hcp/dialysis/screening.html, Accessed August 3, 2020.

10. ErikstrupC,HotherCE, PedersenOBV, et al. Estimation ofSARS-
CoV-2 infection fatality rate by real-time antibody screening of
blood donors. Clin Infect Dis. 2021;72(2):249-253.

11. Pollan M, Perez-Gomez B, Pastor-Barriuso R, et al. Prevalence
of SARS-CoV-2 in Spain (ENE-COVID): a nationwide,
population-based seroepidemiological study. Lancet.
2020;396(10250):535-544.

12. Anand S, Montez-Rath M, Han J, et al. Prevalence of SARS-
CoV-2 antibodies in a large nationwide sample of patients on
dialysis in the USA: a cross-sectional study. Lancet.
2020;396(10259):1335-1344.

13. Alsan M, Stantcheva S, Yang D, Cutler D. Disparities in
coronavirus 2019 reported incidence, knowledge, and
behavior among US adults. JAMA Netw Open. 2020;3(6):
e2012403.

14. Cowger TL, Davis BA, Etkins OS, et al. Comparison of
weighted and unweighted population data to assess inequities
in coronavirus disease 2019 deaths by race/ethnicity reported
by the US Centers for Disease Control and Prevention. JAMA
Netw Open. 2020;3(7):e2016933.

15. Price-Haywood EG, Burton J, Fort D, Seoane L. Hospitalization
and mortality among black patients and white patients with
Covid-19. N Engl J Med. 2020;382(26):2534-2543.

16. Alcendor DJ. Racial disparities-associated COVID-19 mortality
among minority populations in the US. J Clin Med. 2020;9(8):
2442.

17. Karaca-Mandic P, Georgiou A, Sen S. Assessment of COVID-
19 hospitalizations by race/ethnicity in 12 states. JAMA Intern
Med. 2021;181(1):131-134.

18. Acevedo-Garcia D. Residential segregation and the epidemiology
of infectious diseases. Soc Sci Med. 2000;51(8):1143-1161.

19. Bhayani S, Sengupta R, Markossian T, et al. Dialysis, COVID-
19, poverty, and race in greater Chicago: an ecological anal-
ysis. Kidney Med. 2020;2(5):552-558.e551.
221

mailto:steven.brunelli@davita.com
mailto:steven.brunelli@davita.com
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref2
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref2
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref2
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref2
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref3
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref3
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref3
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref3
https://doi.org/10.1001/jamainternmed.2020.4130
https://doi.org/10.1001/jamainternmed.2020.4130
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref5
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref5
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref5
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref6
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref6
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref6
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref6
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref7
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref7
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref7
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref7
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref7
https://www.cms.gov/files/document/medicare-covid-19-data-snapshot-fact-sheet.pdf
https://www.cms.gov/files/document/medicare-covid-19-data-snapshot-fact-sheet.pdf
https://www.cdc.gov/coronavirus/2019-ncov/hcp/dialysis/screening.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/dialysis/screening.html
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref10
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref10
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref10
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref11
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref11
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref11
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref11
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref23
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref23
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref23
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref23
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref13
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref13
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref13
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref13
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref14
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref14
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref14
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref14
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref14
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref15
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref15
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref15
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref16
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref16
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref16
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref17
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref17
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref17
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref18
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref18
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref19
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref19
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref19


Walker et al
20. Clarke C, Prendecki M, Dhutia A, et al. High prevalence of
asymptomatic COVID-19 infection in hemodialysis patients
detected using serologic screening. J Am Soc Nephrol.
2020;31(9):1969-1975.

21. Tang H, Tian JB, Dong JW, et al. Serologic detection of SARS-
CoV-2 infections in hemodialysis centers: a multicenter
222
retrospective study in Wuhan, China. Am J Kidney Dis.
2020;76(4):490-499.e1.

22. Stringhini S, Wisniak A, Piumatti G, et al. Seroprevalence of
anti-SARS-CoV-2 IgG antibodies in Geneva, Switzerland
(SEROCoV-POP): a population-based study. Lancet.
2020;396(10247):313-319.
Kidney Med Vol 3 | Iss 2 | March/April 2021

http://refhub.elsevier.com/S2590-0595(21)00012-1/sref20
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref20
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref20
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref20
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref21
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref21
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref21
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref21
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref22
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref22
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref22
http://refhub.elsevier.com/S2590-0595(21)00012-1/sref22


Walker et al
Kidney Med Vol 3 | Iss 2 | March/April 2021 222.e1


	SARS-CoV-2 Antibody Seroprevalence Among Maintenance Dialysis Patients in the United States
	Methods
	Antibody Testing in Remnant Serum Samples
	Statistical Analysis

	Results
	Discussion
	References


