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Background: Assessing the evolution of SARS-CoV-2 immune
response among patients receiving dialysis can define its dura-
bility in a highly clinically relevant context because patients
receiving dialysis share the characteristics of persons most sus-
ceptible to SARS-CoV-2 infection.

Objective: To evaluate the persistence of SARS-CoV-2
receptor-binding domain (RBD) IgG in seroprevalent patients
receiving dialysis.

Design: Prospective.
Setting: Nationwide sample from dialysis facilities.

Patients: 2215 patients receiving dialysis who had evidence
of SARS-CoV-2 infection as of July 2020.

Measurements: Remainder plasma from routine monthly
laboratories was used to measure semiquantitative RBD 1gG
index value over 6 months.

Results: A total of 2063 (93%) seroprevalent patients
reached an assay detectable response (IgG index value =1).
Most (n = 1323, 60%) had responses in July with index val-
ues classified as high (IgG =10); 1003 (76%) remained within
this stratum. Adjusted median index values declined slowly

but continuously (July vs. December values were 21 vs. 13;
P < 0.001). The trajectory of the response did not vary by
age group, sex, race/ethnicity, or diabetes status. Patients
without an assay detectable response (n = 137) were more
likely to be White and in the younger (18 to 44 years) or
older (=80 years) age groups and less likely to have diabetes
and hypoalbuminemia.

Limitation: Lack of data on symptoms or reverse transcrip-
tase polymerase chain reaction diagnosis, cohort of persons
who survived infection, and use of a semiquantitative assay.

Conclusion: Despite impaired immunity, most seropositive
patients receiving dialysis maintained RBD antibody levels
over 6 months. A slow and continual decline in median anti-
body levels over time was seen, but no indication that sub-
groups with impaired immunity had a shorter-lived humoral
response was found.

Primary Funding Source: Ascend Clinical Laboratories.

Ann Intern Med. doi:10.7326/M21-0256
For author, article, and disclosure information, see end of text.
This article was published at Annals.org on 18 May 2021.

Annals.org

ecent studies have begun to delineate breadth and

duration of the adaptive immune response to SARS-
CoV-2 infection (1-6). Among the antibodies to a set of
SARS-CoV-2 antigens—nucleocapsid, receptor-binding
domain (RBD) of the spike protein, and S2 domain of the
spike protein—IgG responses to the spike protein anti-
gens are among the most durable (3, 5, 6). Studies have
also correlated titers of RBD IgG with the ability to neu-
tralize SARS-CoV-2 (5, 7, 8).

Longitudinal studies tracking response to SARS-CoV-2
infection to date have been limited by modest sample sizes
(<200) (9, 10), with 1 exception from a homogeneous popu-
lation from Iceland (6). Early reports emphasized relatively
rapid decline or complete disappearance of detectable anti-
body levels among patients with known infection (1, 4). On
the other hand, Wajnberg and colleagues (5) reported high-
level and persistent responses for up to 5 months after infec-
tion. Although this study included a cross-sectional assess-
ment of 30082 persons, longitudinal responses were
followed among 121 volunteers. In the larger study from
Iceland, 1263 persons with SARS-CoV-2 infection were fol-
lowed for more than 4 months; the authors concluded that
antiviral antibodies plateaued after an initial peak near
month 2 (6). These studies, and others (2, 3), have been con-
fined to healthy populations or have not separately exam-
ined response among subgroups known to have blunted or
shortened adaptive immune responses.
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In July 2020, we did a survey of a large nationwide
sample of patients receiving dialysis in the United States.
We showed that patients receiving dialysis can serve as a
sentinel population for SARS-CoV-2 seroepidemiology
because they are broadly representative of susceptible
groups, including older persons, persons of color, and
persons with substantial comorbidity (11). Moreover,
they have blood drawn monthly, facilitating follow-up
testing for antibody responses.

Here, we present 6 months of longitudinal data on
the evolution of RBD antibodies in the patients receiving
dialysis who were seropositive (n = 2215) in July. Using a
semiquantitative commercially available assay, we exam-
ine the persistence of antibodies stratified by antibody
response level, age group, sex, race/ethnicity, and diabe-
tes status. We also report the characteristics of persons
whose antibody response persistently remains below the
detectable assay range.

See also:

Web-Only
Supplement
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METHODS

In July 2020, we tested remainder plasma from
28503 patients receiving hemodialysis for the presence
of total RBD antibody. The patients tested were from 1200
dialysis facilities throughout the United States. Our sam-
pling strategy and testing methods are described in detail
elsewhere (11). The mean age, sex, geographic region,
and race/ethnicity distribution of our sampled patients
matched that of the overall U.S. dialysis population.

Assay Characteristics

The initial antibody test done in July, the Siemens total
RBD immunoglobulin assay, measures IgG and IgM anti-
bodies and has a manufacturer-reported sensitivity of
100% and specificity of 99.8% (12). To assess serologic
response, we retested all positive samples with sufficient
remainder plasma (n = 2215) using a semiquantitative
Siemens RBD IgG assay in July 2020 and monthly there-
after (Appendix Figure, available at Annals.org). The
Siemens RBD IgG assay is a semiquantitative, 2-step sand-
wich, indirect, chemiluminescent assay with a manufac-
turer-reported sensitivity of 96% (95% Cl, 93% to 99%) and
specificity of 99.9% (Cl, 99.6% to 99.9%) for tests done 21
days or more after positive results on reverse transcriptase
polymerase chain reaction (RT-PCR). A set of calibration
samples processed with each run is used to calculate the
numerical index value reported by the instrument. A lot-
specific master curve establishes the relationship between
relative light units measured in the sample and the index
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value of the standards to generate an index value for the
sample. An index value of 1.0 or greater is considered re-
active; as formulated at the time by the manufacturer, an
index value of 44.43 was the upper limit of quantification.

Stratification of Antibody Responses

We stratified the results as high if the index value was
10 or greater, moderate if between 5 and 10, low if
between 1 and 5, and below assay range when less than
1. We chose 10 as the high-value cut point on the basis of
data showing that index values of 10 or greater corre-
sponded with pseudovirus neutralization titers (13)
greater than 1:500 in a study of 26 patients tested by
Siemens. Transfer of convalescent purified IgG with pseu-
dovirus neutralization titers well below this threshold was
protective against SARS-CoV-2 challenge in an animal
model (14). An additional study (n = 74) evaluating corre-
lation with plaque reduction neutralization test reported
thatindex values of 10 or greater had a positive predictive
value of 100% for plaque reduction neutralization testsg
greater than 1:80 (Supplement Table, available at Annals.
org) (15, 16).

Correlates

We extracted electronic health record data on age,
sex, self-reported race/ethnicity, patient residence (ZIP
code), and SARS-CoV-2 RT-PCR result where available. We
used ZIP code data to ascertain neighborhood (ZIP code
tabulation area level) race/ethnicity composition and the

Table 1. Characteristics of Study Participants With SARS-CoV-2 RBD Total Antibodies in July 2020, by U.S. Region of Residence

Characteristic Northeast (n = 1183)

South (n = 457)

Midwest (n = 258) West(n=317) Overall (n =2215)

Patient age, n (%)

18-44y 110(9.3)
45-64y 489 (41.3)
65-79y 450 (38.0)
>80y 134(11.3)
Women, n (%) 474 (40.1)
Race/ethnicity, n (%)
Hispanic 36(3.0)
Non-Hispanic White 84 (7.1)
Non-Hispanic Black 227 (19.2)
Non-Hispanic other 61(5.2)
Unknown 775 (65.5)
ZCTA majority race/ethnicity, n (%)*
Non-Hispanic White 162 (13.7)
Non-Hispanic Black 180(15.2)
Hispanic 195(16.5)
Hispanic and Black 273(23.1)
Integrated 373 (31.5)
Proportion in ZCTA with incomes below poverty threshold, n (%)t
<10 175 (14.8)
10-19.9 450 (38.0)
20-29.9 353(29.8)
>30 204 (17.2)

Median total cases (25th-75th percentile), nt
Median total deaths (25th-75th percentile), nf
Diabetes, n (%)

Mean albumin level§ (SD), g/L

212 (160-254)
733 62.0)

(

(

(
2735(2233-2778)

(

(

7(48)

0(17.5) 29(11.2) 59 (18.6) 278 (12.6)
207 (45.3) 104 (40.3) 130 (41.0) 930 (42.0)
131 (28.7) 94 (36.4) 102 (32.2) 777 (35.1)
9(8.5) 31(12.0) 26(8.2) 230 (10.4)
208 (45.5) 123 (47.7) 132 (41.6) 937 (42.3)
74(16.2) 7(2.7) 78 (24.6) 195 (8.8)
55 (12.0) 29 (11.2) 52 (16.4) 220 (9.9)
157 (34.4) 33(12.8) 24.(7.6) 441 (19.9)
5(1.9) 5(1.9) 30(9.5) 101 (4.6)
166 (36.3) 184 (71.3) 133 (42.0) 1258 (56.8)
77 (16.9) 91 (35.3) 28(8.8) 358 (16.2)
97 (21.2) 79 (30.6) 6(1.9) 362 (16.3)
93 (20.4) 19 (7.4) 89 (28.1) 396 (17.9)
89 (19.5) 20(7.8) 28(8.8) 410 (18.5)
101 (22.1) 49 (19.0) 166 (52.4) 689 (31.1)
6(18.8) 56(21.7) 66(20.8) 383(17.3)
149( ) 98 (38.0) 133 (42.0) 830 (37.5)
147 (32.2) 73(28.3) 66(20.8) 639 (28.9)
2(15.8) 31(12.0) 52 (16.4) 359 (16.2)
541 (363-817) 1631(693-1631) 666 (289-731) 1631 (694-2778)
7 (8-37) 87 (49-87) 28 (10-33) 130(33-212)
203 (44.4) 65 (25.2) 170 (53.6) 1171(52.9)
6 (50) 35(50) 37 (50) 36 (50)

RBD = receptor-binding domain; ZCTA = ZIP code tabulation area.

* Majority race/ethnicity are defined as =260% of ZCTA residents self-reporting the assigned race/ethnicity.

T Four persons were missing data on ZCTA income distribution.
T Expressed as per 100 000 population.
§ Nine persons were missing serum albumin.
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proportion of residents with incomes below the federal
poverty threshold. We computed regional COVID-19 case
and death rates using data from the American Community
Survey (17) and the Center for Systems Science and
Engineering at Johns Hopkins University (18), respectively.
In laboratory protocols within multiple dialysis networks,
routine hemoglobin A;. tests are ordered on a quarterly
cycle for patients with diabetes (19). Thus, we used the
presence of a hemoglobin A;. test in the preceding 3
months as a proxy for diabetes status.

Statistical Analysis

We provided demographic data and laboratory val-
ues using proportions, mean (SD) or median, and 25th to
75th percentile, as applicable.

Among patients with a July index value indicating a re-
active test (index =1), we estimated unadjusted and
adjusted monthly median index values, when appropriate,
for age, sex, and neighborhood composition (majority-
minority vs. other). We used quantile regression with robust
SEs to account for the multiple observations per patient
(20), as implemented in Statagreg and margins commands.
In this longitudinal data analysis, model parameters have a
population-average interpretation (21). We used quantile
regression, and in particular, the median, to describe the
data because it is invariant to the data truncation and esti-
mable in all of the analyses presented. Because plasma is
collected monthly as part of routine care for patients receiv-
ing dialysis, for most of the patients, testing was done
within a 28- to 35-day interval (25th to 75th percentile of
interval between laboratory tests), allowing us to assume
equal spacing between observations and to analyze time
as a categorical variable indicating the month of the test.
We presented results with or without stratifying patients by
their initial antibody index value in July. We also further
stratified by age group, sex, diabetes status, and race/eth-
nicity. The race/ethnicity variable had substantial missing-
ness (about 50%) on self-report. We used neighborhood
racial and ethnic composition (Hispanic and/or Black, non-
Hispanic White, and integrated) as the primary exposure
and presented data stratified by self-reported race/ethnic-
ity as a companion analysis in the Supplement (available at
Annals.org). To present the entire range of index values
seen in our antibody quantitation data, we included box
plots in the Supplement.

Finally, we described the demographic, community,
and health status characteristics of patients from the
cohort who did not have assay detectable IgG responses
throughout follow-up despite testing positive on the total
immunoglobulin test.

Missing Data

For semiquantitative index value results, 80% of the
patients with a reactive test in July had complete data for
all of the follow-up months. Among the 400 patients miss-
ing at least 1 month, 104 had a single (July only) index
value. A few patients with missing data returned in subse-
quent months, whereas others were lost to follow-up (35
vs. 365, respectively). In the main text, we reported results
from a complete case analysis where all patients are
included but missing records are dropped. Sensitivity
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Figure 1. The RBD IgG response in a seroprevalent cohort of
patients receiving dialysis.
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The figure displays adjusted median RBD index values, stratified by
response level in July. Most patients (60%) mounted and maintained a
high-level semiquantitative index value during the 6 mo of follow-up,
with a slow decline over time across all categories of response. Median
values account for age, sex, and residence in a majority-minority neigh-
borhood, defined as a majority Hispanic, Black, or Hispanic and Black
neighborhood. A total of 210 persons (9%) who had an index value <1
(below assay) in July are not depicted. RBD = receptor-binding domain.
* Plotted on log scale.

analyses restricted to patients with complete data and
under missing-at-random assumptions using multiple im-
putation yielded similar results (Missing Data section of
Supplement and Supplement Figure 1, available at
Annals.org).

We assumed statistical significance at an a level of
0.05. All statistical analyses were done with Stata/MP,
version 16.1 (StataCorp).

Role of Funding Source

Ascend Clinical Laboratory funded the assays done
for this study. Coauthors employed by Ascend Clinical
Laboratory (L.C., P.H., RK.,, and P.B.) selected the assay,
undertook sample processing, and prepared anony-
mized results for independent analysis and interpretation
by Stanford University researchers.

REsuLTS

Most (53%) of our patients with total RBD antibodies
in July were residents of the U.S. Northeast region, which
also had the highest antecedent cumulative case and
death rates (Table 1). Fifty-three percent lived in majority-
minority neighborhoods; 44% lived in neighborhoods
where 20% or more residents had incomes below the fed-
eral poverty threshold. About half of the cohort had dia-
betes, and 30% had a low serum albumin level (<35 g/L).

In these seropositive patients with SARS-CoV-2 RBD
total antibodies in July, the percentage with RBD IgG
index values that were below assay range (<1), low (1 to
<5), moderate (5 to <10), and high (=10) were 9%, 18%,
13%, and 60%, respectively. Among the small subset of
patients with a RT-PCR test result available before the
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Figure 2. The RBD IgG response by region.
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The figure displays overall adjusted median RBD index values, stratified
by region. Adjusted medians were similar by region in July. Regions
with higher antecedent burden of COVID-19 cases and death
(Northeast and Midwest) had a slow, steady decline in index values. In
the South and West, the peak occurred in August, indicating proportion-
ally more recent infections in these regions. Median values account for
age, sex, and residence in a majority-minority neighborhood, defined as
a majority Hispanic, Black, or Hispanic and Black neighborhood. RBD =
receptor-binding domain.

* Plotted on log scale.

July antibody test (n = 46), most (78%) had high IgG
index values; 2 (4%) were below assay range.

Longitudinal follow-up showed a small and continuous
decline in the median values (Figure 1 and Supplement
Figure 1). Among persons with a reactive IgG index value,
adjusted median values declined from 21 to 13 from July to
December (linear trend test P < 0.001). Overall, 2063 (93%)
patients in the cohort had a RBD IgG index value of 1 or
greater during follow-up. Of the 210 (9%) patients who had
values below assay range in July, 142 (68%) remained below
assay range. Of the patients with low index values in July, 84
(22%) reverted to below assay range, compared with 12
(0.7%) patients with moderate to high index values.

In examining the response by demographic, clinical, and
geographic characteristics, older patients (aged =80 years)
had slightly higher median RBD IgG index values in July (me-
dian, 16 [25th to 75th percentile, 4 to 44]) than those aged
18 to 44 years (median, 12 [25th to 75th percentile, 2 to 41]).
There was no difference in median index values in July
between men (median, 16 [25th to 75th percentile, 4 to 44])
and women (median, 17 [25th to 75th percentile, 4 to 44]).
Patients with diabetes had higher median values in July (me-
dian, 20 [25th to 75th percentile, 5 to 44]) than those without
diabetes (median, 13 [25th to 75th percentile, 3 to 44]).

Adjusted median values were similar by region in
July (range, 19 to 22 [P = 0.94]) (Figure 2). Over subse-
quent follow-up, adjusted median values of patients liv-
ing in the Northeast and Midwest consistently declined
from July to December (linear trend test P < 0.001 and
P =0.002, respectively), whereas adjusted median values
of patients living in the West and South peaked in
August 2020 (Supplement Figure 2 and Figure 3, avail-
able at Annals.org) and declined thereafter.
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After stratification by initial July response level, there were
no major differences in antibody trajectory by age, neighbor-
hood race/ethnicity composition, or diabetes status (Figure 3).
A slow decline in adjusted median values was seen for nearly
all subgroups. For example, among elderly patients (aged
>80 years) with moderate index values in July, the adjusted
median declined slightly from 7 to 6 between July and
December; the index value change in persons aged 18 to 44
years was the same (interaction test P = 0.71). Similarly, among
persons living in majority-minority neighborhoods with high
index values in July, adjusted median values declined from 41
to 28 between July and December (linear trend test P =
0.006); the corresponding change in index value among per-
sons living in majority-White neighborhoods was 44 to 28 (lin-
ear trend test P < 0.001; interaction test P = 0.72). Women
with high index values in July did not have substantial decline
in adjusted median values between July and December (44 to
42; linear trend test P = 1.0), whereas adjusted median values
for men declined from 44 to 26 (linear trend test P < 0.001)
(Figure 3,B). However the adjusted 25th percentiles were very
similar by sex over the follow-up time (decline from 22 to 13
[linear trend test P < 0.001] for women and 21 to 11 [linear
trend test P < 0.001] for men; interaction test P = 0.59), indicat-
ing that most women and men stayed within the high index
value category during the follow-up period.

In evaluating unadjusted responses by box plots, we
saw a widening of the response range over time without
clinically significant differences by subgroups (Supplement
Figure 4-Figure 8, available at Annals.org).

Patients with IgG index values persistently below assay
range throughout follow-up were more likely to be in the
youngest (18 to 44 years) or oldest (=80 years) age groups
than those with detectable values (Table 2). They were also
more likely to be White or living in majority-White neighbor-
hoods, to reside in the U.S. West region, and to live in neigh-
borhoods with lower proportions of residents living in
poverty. In terms of health status, patients with IgG index val-
ues below assay range were more likely to have an albumin
level of 40 g/L or more and less likely to have diabetes.

DiscussioN

In this cohort of patients receiving maintenance dial-
ysis who were seropositive for total SARS-CoV-2 antibod-
ies in July 2020, most demonstrated an RBD IgG
response that persisted for at least 6 months after infec-
tion. Our cohort provides data on persons with high like-
lihood of impaired immune responses because more
than 40% of persons included are older than 65 years,
more than half have diabetes, and all are receiving dialy-
sis. Although we saw a widening in the distribution of
these responses, the trajectory of the response did not
vary by demograpbhic (for example, older age) or clinical
(for example, diabetes) strata that may have been
expected to attenuate the adaptive immune response.

Longitudinal data on persistence of antibody response
after SARS-CoV-2 infection are conflicting (9), with some
studies reporting “rapid” decline (1, 4, 22) and others
reporting stability or plateauing of antibody levels (3, 5, 6).
In one of the largest analyses of nearly 1300 persons with
confirmed SARS-CoV-2 infection and with 4 months of
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Figure 3. The RBD IgG response by age, sex, neighborhood composition, and diabetes status.
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All subgroups had a slow decline in RBD IgG over 6 mo of follow-up, with most remaining within their July response level category. Median values
account for age, sex, and residence in a majority-minority neighborhood, defined as a majority Hispanic, Black, or Hispanic and Black neighborhood (as
appropriate). RBD = receptor-binding domain. A. The lower bound of the 95% Cl was truncated at 0.4 for plotting reasons. C. The lower bound of the

95% Cl was truncated at 0.7 for plotting reasons.
* Plotted on log scale.

follow-up data, the authors used a commercial RBD IgG
assay as well and concluded that there was stability in anti-
body titers after a peak at 2 months after infection (6). Our
analyses confirm persistence of antibodies among a large
majority (>90%) of persons over 6 months, but we do not
have strong evidence for a plateau in RBD IgG response.
Rather, the response seems to show an overall slow and
continual decline of the median. In the Northeast, for
example, where most patients were likely infected in April
(18), we saw a 47% decline in median values between July
and December.

Our study also addresses identified gaps in data on dif-
ferences in humoral immune response among elderly and
comorbid populations (10). Data indicating high prevalence
of anergy to tuberculin skin tests (23) and impaired response
to influenza and hepatitis B vaccination suggest that patients
receiving dialysis have impaired humoral immunity (24). In
influenza vaccination studies, one (25) focused on H1N1
strain alone and one (26) focused on trivalent vaccine,

Annals.org

including HIN1 strain, and reported that fewer than 60% of
patients receiving dialysis mounted sufficient titers to be
considered immune to HIN1 at 4 weeks, compared with
90% or more of healthy volunteers. In prospective studies of
hepatitis B vaccine, only 60% to 70% of patients receiving di-
alysis mounted a sufficient response and, of these, 40% lost
immunity within 1 to 3 years (27, 28). In our characterization
of their response to natural SARS-CoV-2 infection, however,
we did not find evidence of a shorter-lived humoral immune
response compared with the general population. Antibody
titers may decline more rapidly among men (29), and our
data also suggest a slightly faster decline among men.
However, we found no differences in the durability of the
response between men and women, and by other clinically
significant strata. Comparably, postvaccination data show
relative equivalence in efficacy by age and sex (30), although
older persons mounted a lower quantitative RBD IgG
response in phase 1 data from 1 (31) but not the other (32)
mRNA platform vaccine.
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Table 2. Comparisons of Participants With and Without Assay Detectable RBD IgG Response

Characteristic RBD IgG Index Values <1

Throughout Follow-up (n = 137),

RBD IgG Index Values >1 at 1 Point 2 Test P Value

During Follow-up (n = 2054), n (%)

n (%)
Patient age 0.024
18-44y 22 (16.1) 252 (12.3)
45-64y 47 (34.3) 873 (42.5)
65-79y 45 (32.9) 725 (35.3)
>80y 23(16.8) 204 (9.9)
Race/ethnicity 0.044
Hispanic 12(8.8) 181(8.8)
Non-Hispanic White 25(18.3) 194 (9.4)
Non-Hispanic Black 24 (17.5) 411 (20.0)
Non-Hispanic other 5(3.7) 96 (4.7)
Unknown 71(51.8) 1172 (57.1)
ZCTA majority race/ethnicity* 0.183
Hispanic 25(18.3) 368(17.9)
Non-Hispanic White 31(22.6) 321 (15.6)
Non-Hispanic Black 16(11.7) 343(16.7)
Hispanic and Black 21(15.3) 385(18.7)
Integrated 44 (32.1) 637 (31.0)
Region 0.003
Northeast 58 (42.3) 1113 (54.2)
South 28(20.4) 427 (20.8)
Midwest 21(15.3) 233 (11.3)
West 30(21.9) 281(13.7)
Proportion in ZCTA with incomes below poverty thresholdt 0.099
<10 19(138) 358 (17.4)
10-19.9 6(48.2) 754 (36.7)
20-29.9 33 (24.1) 602 (29.3)
>30 19(13.9) 336(16.4)
Diabetes 0.003
Yes 57 (41.6) 1106 (53.9)
No 80 (58.4 948 (46.1)
Albumin levelt 0.033
<30 g/L 7(5.2) 194 (9.4)
30-35g/L 20(14.7) 431(21.0)
35-40 g/L 61 (44.8) 911 (44.4)
>40 g/L 48 (35.3) 511(24.9)

RBD = receptor-binding domain; ZCTA = ZIP code tabulation area.

* Majority races/ethnicities are defined as 260% of ZCTA residents self-reporting the assigned race/ethnicity.

T Four persons were missing data on ZCTA income distribution.
F Nine persons were missing serum albumin.

Severe SARS-CoV-2 infection elicits higher-level anti-
body responses than mild infection (4, 7, 9, 33). We have
no symptom data on our study sample and, because
patients receiving dialysis who are hospitalized with
COVID-19 have a high mortality rate (34, 35), a sizeable
fraction of patients with the most severe illness may not
have survived long enough to be discharged and to have
resumed maintenance dialysis. Nevertheless, we found
that persons with persistently low or negative IgG
responses in our study fell into the groups that are believed
to have milder disease—that is, younger persons or persons
without diabetes. We also found, however, that persons
aged 80 years or older were also somewhat more likely to
be in the persistently low or negative category. It is unclear
whether this implies a blunted response in a specific subset
of the older age group or if it reflects survivor bias (36).

6 Annals of Internal Medicine

Overall, most—-204 of 227 persons aged 80 years or older
included in our study—did mount a detectable response.
How the level and duration of antibody response informs
protection from SARS-CoV-2 reinfection remains unclear.
Antibody titers are only 1 marker of immunity, and even per-
sons with low-level or undetectable antibody response can
mount a subsequent protective response on reinfection that
abrogates symptomatic disease (9, 37, 38). Studies on coro-
naviruses report a waning of immunity and vulnerability to
reinfection at 1 year after infection (39, 40), with modest evi-
dence to suggest susceptibility to infection in persons with
lower antibody titers. Among 15 healthy volunteers infected
with coronavirus 229E, Callow and colleagues (39) noted that
persons with lower preinoculation IgG concentrations were
more likely to manifest an infection. On rechallenge 1 year
later, 11 of 14 volunteers had reinfection, although only 1
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had symptoms. On the basis of these and other data on influ-
enza-like illnesses, experts predict that SARS-CoV-2 may con-
tinue to reemerge seasonally (40, 41). Longer follow-up of
this cohort of patients receiving dialysis with natural SARS-
CoV-2 infection and additional data on status of their vaccina-
tion and reinfection will critically advance knowledge about
SARS-CoV-2 immunity.

Our analysis is limited by lack of data on several key
comorbid conditions and therapeutics (for example, heart fail-
ure, chronic obstructive pulmonary disease, chronic liver dis-
ease, use of immunosuppressant medications, or use of in-
center vs. home dialysis), which could modify the humoral
response to infection and modify the competing risk for non-
COVID-19-related death. We also did not know the patient's
vital status in case of dropout. Moreover, we lack data on
SARS-CoV-2 infection by RT-PCR testing or on COVID-19
symptoms. Thus, it is possible that a portion of persons in our
study with RBD IgG index below assay had false-positive
results on the screening total RBD antibody assay. However,
the first assay has been well validated in external studies,
including one of 994 prepandemic samples done by Public
Health England (42) where its specificity was 99.9% (yielding
an expected false-positive rate of 29 samples in our study).
Conversely, Irsara and colleagues (43) suggest that lower
index value cutoffs could be applied to the Siemens semi-
quantitative assay to improve its sensitivity. This implies that
the patients with “negative” results may have mounted a low-
level response and that rather than false-positive total immu-
noglobulin, we are witnessing false-negative IgG index values.
We note also that the index values used with the Siemens
RBD IgG assay are considered semiquantitative and do not
necessarily have a linear relation to antibody concentrations
over the range of values measured. We lack data on dates of
infection; thus, our results reflect a lower bound estimate for
persistence of antibodies because it is likely that persons
residing in the Northeast may have been infected in April dur-
ing the peak of the regional epidemic. Finally, we measured
serial responses to a single antigen; thus, we cannot charac-
terize the breadth of the adaptive immune response.

Our study is the largest to describe longitudinal humoral
response in a population that reflects groups most affected
by SARS-CoV-2 infection. Furthermore, we are able to assess
differences in response among subgroups with highest likeli-
hood of impaired immunity (for example, older persons and
persons with diabetes) (10, 44). Measurement of RBD IgG, as
opposed to the nucleocapsid immunoglobulins, ensures that
our study captures response to natural infection within the
context of oncoming vaccines, the early effectiveness of
which is being evaluated in part by spike protein RBD IgG
response (32). Because we used a commercially available
assay, our study can provide reference ranges for clinicians
who may assess infection or vaccine response.

In conclusion, nearly all seroprevalent patients in our
study had evidence of an assay detectable RBD IgG response
through the 6-month follow-up. Most met our assay criteria
for a high-level response. We saw a slow and continual
decline in median antibody levels over time but found no in-
dication that subgroups with impaired immunity had a
shorter-lived humoral response. Our study describes the evo-
lution of SARS-CoV-2 immune response in a large sample of
patients receiving dialysis and provides a benchmark for
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clinicians and researchers assessing humoral response after
infection or vaccination in susceptible populations.
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Appendix Figure. CONSORT diagram.

Persons receiving dialysis tested for RBD total
immunoglobulin in July 2020 (n =28 503)

Not sufficient plasma to test for semiquantitative
titers using the RBD 1gG assay (n =78)

A

Persons with positive result for RBD
immunoglobulin (n =2293)

y
Seroprevalent cohort (n =2215)

CONSORT = Consolidated Standards of Reporting Trials; RBD = receptor-binding domain.
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