Open Forum Infectious Diseases
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In a community-based sample of seropositive adults (n = 1101),
we found that seropositive individuals who lived with a known
coronavirus disease 2019 (COVID-19) case exhibited higher
blood anti-severe acute respiratory syndrome coronavirus 2
spike receptor-binding domain immunoglobulin G concentra-
tions and greater symptom severity compared to seropositive in-
dividuals who did not live with a known COVID-19 case.
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Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infections are highly variable in both disease severity and sub-
sequent immunoglobulin G (IgG) concentrations [1-3]. Greater
disease severity is associated with higher blood antibody concen-
trations in the convalescent phase of infection, as we and others
have reported previously [4-7]. Our earlier work, consistent with
the other studies cited here, found that those who reported more
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symptoms had higher concentrations of IgG antibodies directed
against the SARS-CoV-2 spike receptor-binding domain (RBD)
in a community-based sample of seropositive adults [4-7].

It has been hypothesized that the magnitude of SARS-CoV-2
viral exposure (amount of virus inoculum, closer contact,
more prolonged exposure) may contribute to disease severity
[8-10]. This relation between exposure dose and disease se-
verity has been demonstrated experimentally for other respi-
ratory viruses, including influenza [11]. In addition, higher
SARS-CoV-2 viral load during acute infection in humans has
been linked to greater disease severity [12]. Respiratory virus
exposures within the household may often be more intense
than respiratory virus exposures outside of the household [8,
10]. For example, studies of measles epidemics have reported
that cases acquired from a cohabitant have higher age-specific
case fatality ratios compared to cases acquired outside the
home [13, 14]. Exposure to SARS-CoV-2 within the household
may be more prolonged, physically proximate, and unmiti-
gated by personal protective equipment compared to transient
public exposures [8, 10]. While some may attempt to isolate
from cohabitants when they develop symptoms of coronavirus
disease 2019 (COVID-19), it has been demonstrated that high
levels of SARS-CoV-2 viral shedding occur prior to the onset of
symptoms [15]. Furthermore, isolation within the household
may not be achievable in many living situations.

The aim of this article is to compare symptom severity and
SARS-CoV-2 IgG antibody concentrations in seropositive in-
dividuals who cohabitated with a known COVID-19 case vs
seropositive individuals who did not cohabitate with a known
COVID-19 case.

METHODS

The analytic sample in this report (n = 1101) featured par-
ticipants who screened positive for anti-SARS-CoV-2 an-
tibody in the Screening for Coronavirus Antibodies in
Neighborhoods (SCAN) study [2, 7, 16, 17]. SCAN has
administered online surveys and collected dried blood
spot (DBS) samples from >5000 participants. Recruitment
messages were disseminated through social media, email
blasts, print flyers, newspaper advertisements, and local
press coverage. Participants were recruited from neighbor-
hoods throughout the Chicago area and from personnel of
the Northwestern University Feinberg School of Medicine
(FSM) in Chicago. Eligible participants who consented to
participate completed an online survey and received a kit for
self-collection of a DBS sample. DBS kits were either sent to
participants through the mail or, for FSM participants, made
available for pickup. All study protocols were approved by
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the institutional review board at Northwestern University
(numbers STU00212457 and STU00212472).

IgG antibodies to the RBD of SARS-CoV-2 were quanti-
fied using an enzyme-linked immunosorbent assay that has
received emergency use authorization from the US Food and
Drug Administration (COVID-SeroKlir, Kantaro Biosciences)
[18, 19]. We adapted and validated this assay for use with DBS
samples (methods described in detail in [15], including quan-
tification using dilutions of CR3022, an IgG with defined af-
finity to RBD) [16]. The cutoft for seropositivity was set at the
optical density value for the 0.39 pg/mL calibrator [16].

Participants were presented a checklist of symptoms and
asked to report whether they had experienced each symptom
since 1 March 2020. In a previous study, we identified a
cluster of 8 symptoms that were associated with higher SARS-
CoV-2 IgG concentrations [7]. To provide an empirical basis
for estimating symptom severity, we weighted each of these
symptoms by its regression coefficient in a simple regres-
sion model with the symptom as the independent variable
(1 = present, 0 = absent) and log, IgG concentration as the
dependent variable. Symptoms were assigned the following
weights: loss of taste/smell = 1.05, fever = 0.69, muscle/
body aches = 0.61, shortness of breath = 0.49, fatigue/ex-
cessive sleepiness = 0.46, diarrhea/nausea/vomiting = 0.43,
cough = 0.41, and headache = 0.26. The resulting symptom
severity score ranged from 0 to 4.40 (mean = 1.10, standard
deviation [SD] = 1.22). Similar weighting schemes have been
used in prior research to generate quantitative symptom se-
verity scores [20, 21].

Exposure to cohabitants with COVID-19 was assessed by
asking the following question, “Since 1 March 2020, has an-
yone in your household been told by a healthcare provider
that they have, or likely have, COVID-19? Do not include
yourself when answering this question” We created a 3-cat-
egory variable to represent household exposure (1 = lived
with a known COVID-19 case, 2 = lived with at least 1
other person but did not live with a known COVID-19 case,
3 = lived alone).

The covariates in our statistical models included age, sex
assigned at birth, racial/ethnic identity, chronic preexisting
conditions (having 1 or more of the following: chronic kidney
disease, chronic lung disease, diabetes mellitus, cardiovascular
disease, or body mass index >30 kg/m?*), and number of co-
habitants in the household. We also asked whether they had
used tobacco or worked outside the home in close proximity
to others since 1 March 2020. To document date of inclusion in
the study, we calculated the number of days after 1 March 2020
when the completed DBS kit was received at the laboratory.

We fitted ordinary least squares regression models with expo-
sure to cohabitants with COVID-19 as the independent variable,

with the covariates described above, and with symptom severity
scores and log, IgG concentrations as the dependent variables.
These models were fitted using the “Im” function in base R (ver-
sion 4.0.3).

RESULTS

Out of 1101 seropositive participants, 42.7% identified as
non-Hispanic white, 23.9% as Hispanic/Latinx, 8.5% as non-
Hispanic black, 18.9% as Asian, and 6% selected other re-
sponse categories for race/ethnicity. The mean age was 38.62
(SD = 12.55), and 56.2% were assigned female at birth. Figure 1
depicts symptom severity and SARS-CoV-2 IgG levels by house-
hold exposure status.

In a regression model adjusted for age, sex, race/ethnicity,
chronic preexisting conditions, tobacco use, working in
proximity to others, number of cohabitants, and date of in-
clusion in the study, we found that those who lived with a
known COVID-19 case exhibited greater symptom severity
compared to those who did not live with known COVID-
19 case (B = 1.358, standard error [SE] = 0.107; P < .0001)
and those who lived alone (B = 1.298, SE = 0.144; P < .0001)
(Table 1).

To evaluate whether this pattern was robust to a different
method of operationalizing symptoms, we repeated these ana-
lyses with symptom level operationalized as a simple count var-
iable in a Poisson regression model with the same covariates
depicted in Table 1. Those who lived with a known COVID-19
case had higher symptom counts compared to those who did
not live with a known COVID-19 case (B = 0.740, SE = 0.051;
P <.0001) and those who lived alone ( =0.709, SE = 0.080;
P <.0001).

In a regression model adjusted for age, sex, race/ethnicity,
chronic preexisting conditions, tobacco use, working in prox-
imity to others, number of cohabitants, and date of inclusion in
the study, we found that those who lived with a known COVID-
19 case had higher log, anti-SARS-CoV-2 RBD IgG levels com-
pared to those who did not live with a known COVID-19 case
(B=0.718, SE =0.105; P <.0001) and those who lived alone
(B =0.536, SE = 0.141; P = .0002) (Table 1).

DISCUSSION

In this study, we found that seropositive participants who lived
with a known COVID-19 case had greater symptom severity
and higher anti—-SARS-CoV-2 RBD IgG levels compared to se-
ropositive individuals who did not live with a known COVID-
19 case. These results call for further research on whether the
magnitude or duration of viral exposure explains the relation
between household exposure, symptom severity, and antibody
concentrations.
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Figure 1. Associations between exposure to a cohabitant with coronavirus disease 2019, symptom severity scores, and severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) antibody concentrations. The y-axis for SARS-CoV-2 immunoglobulin G (IgG) concentrations is presented on a log, scale. Data are from a community-based
sample of seropositive adults from the Chicago area (N = 1011). The median date of inclusion in the study was 23 October 2020 (range, 30 June 2020 to 20 January 2021).
None of the study participants reported having been vaccinated for SARS-CoV-2 at the time of survey completion. The distribution for each category is represented by
smoothed kernel density plots overlaid with boxplots depicting interquartile ranges. This figure was created using the R package “ggplot2” (version 3.3.2).

Notably, working in close proximity to others, which has been
reported to increase risk for COVID-19 [22], was not associated
with symptom severity or IgG concentration here. However, we
did not ask whether participants had worked in close proximity
with a known COVID-19 case.

This study design does not allow us to determine whether
the cohabitant diagnosed with COVID-19 was the first SARS-
CoV-2 case in the household. If the study participant was in-
fected prior to the cohabitant, the association observed here
may be due to greater risk of secondary spread to a cohabitant
from a serosurvey participant. However, seropositive partici-
pants who did not live with a known case and seropositive par-
ticipants who lived alone had similarly low levels of symptom
severity and IgG concentrations. Those who lived alone could
nothave transmitted SARS-CoV-2 to a cohabitant. This suggests
that similarly low levels of symptom severity and IgG concen-
trations in these 2 groups may be explained by their shared lack
of exposure to another COVID-19 case within the household.

Future studies should sample all household members and track
timing of cases to confirm, or refute, the hypothesis that cohab-
itation with a COVID-19 case leads to more prolonged expo-
sure or a higher virus inoculum that causes increased antibody
responses, as well as greater symptom severity.

Regardless of which individual in the household was infected
first, our results suggest that addressing transmission within
households should be a critical area of focus for public health ef-
forts to prevent symptomatic COVID-19. Policies and interven-
tions thatapply onlyto public places (eg, mask mandates, business
capacity limits) may be improved in effectively preventing spread
if they are combined with measures that also reduce transmis-
sion within households (eg, intensive testing, contact tracing,
and isolation programs). The results of our study demonstrate
the importance of sampling an adequate range of variation in
exposure context, symptom severity, and antibody level quanti-
tation to better understand transmission dynamics and inform
policy [23].
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Table 1. Unstandardized Coefficients, With Standard Errors in
Parentheses, From Ordinary Least Squares Regression Models With
Symptom Scores and Log2 Severe Acute Respiratory Syndrome
Coronavirus 2 Immunoglobulin G Levels as Outcome Variables

Outcome Variable

Symptom Severity  Log, IgG Concen-
Score, B Coefficient tration, pg/mL, B

Characteristic (SE) Coefficient (SE)
Age -0.002 (0.003) 0.007 (0.003)
Assigned female at birth 0.091 (0.069) 0.129 (0.068)
Race/ethnicity (ref = white)
Hispanic/Latinx 0.270 (0.087) 0.180 (0.086)
Black 0.175 (0.126) 0.234 (0.124)
Asian -0.170 (0.093) -0.166 (0.092)
Other 0.263 (0.145) 0.252 (0.143)
Chronic preexisting condition 0.369 (0.078) 0.036 (0.077)
Tobacco use 0.225 (0.134) 0.039 (0.132)
Working in proximity to others -0.094 (0.069) 0.012 (0.068)
Number of cohabitants in 0.012 (0.029) -0.017 (0.029)

household

Date of inclusion in the study 0.002 (0.001) 0.002 (0.001)

Household exposure status®

Known cohabitant case vs 1.358 (0.107) 0.718 (0.105)

no known cohabitant case

Known cohabitant case vs 1.298 (0.144) 0.536 (0.141)
people who live alone
No known cohabitant case -0.060 (0.104) -0.182 (0.103)
vs people who live alone
Intercept 0.364 (0.216) -1.103 (0.213)
Observations, No. 1101 1101
R 0.208 0.087

Data are from a sample of adults seropositive for severe acute respiratory syndrome co-
ronavirus 2 in the Chicago area (n = 1101). Table created using the R package “Stargazer”
(version 5.2.2). Coefficients statistically significant at P < .05 are shown in bold.

Abbreviations: IgG, immunoglobulin G; SE, standard error.

“Referent group was rotated to depict all pairwise contrasts.
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