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Abstract

Background

The first US case of SARS-CoV-2 infection was detected on January 20, 2020. However,
some serology studies suggest SARS-CoV-2 may have been present in the United States
prior to that, as early as December 2019. The extent of domestic COVID-19 detection prior
to 2020 has not been well-characterized.

Objectives

To estimate the prevalence of SARS-CoV-2 antibody among healthcare users in the greater
Seattle, Washington area from October 2019 through early April 2020.

Study design

We tested residual samples from 766 Seattle-area adults for SARS-CoV-2 antibodies utiliz-
ing an ELISA against prefusion-stabilized Spike (S) protein.

Results

No antibody-positive samples were found between October 2, 2019 and March 13, 2020.
Prevalence rose to 1.2% in late March and early April 2020.

Conclusions

The absence of SARS-CoV-2 antibody-positive samples in October 2019 through mid-
March, 2020, provides evidence against widespread circulation of COVID-19 among health-
care users in the Seattle area during that time. A small proportion of this metropolitan-area
cohort had been infected with SARS-CoV-2 by spring of 2020.
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Introduction

The greater Seattle area of western Washington State was the site of the first detected COVID-
19 case in the United States on 20 January, 2020. However, serological surveys suggest that
SARS-CoV-2 may have been circulating in the United States, including in Washington, as
early as mid-December 2019, and that the seroprevalence of SARS-CoV-2 infection in the
Western US in January 2020 was approximately 2% [1].

We aimed to estimate the prevalence of SARS-CoV-2 infection in healthcare users in the
greater Seattle area from October 2019 through early April 2020 in order to further character-
ize the temporality of SARS-CoV-2 introductions early in the global pandemic.

Materials and methods

Residual sera were obtained from the University of Washington Clinical Virology Laboratory.
These sera were collected from inpatients and outpatients >18 years who underwent routine
screening for hepatitis viruses. Sera were collected once per month, during the first week of the
month, from October 2019 through January 2020, were not collected in February 2020 due to
lockdowns imposed by the pandemic, and then were collected weekly beginning in March
2020. Samples were not collected from the lab on a set day of the week, but rather, were picked
up when staffing needs allowed time for sample retrieval. Samples were aliquoted and frozen
at -20°C until testing.

Serum samples were shipped to the Centers for Disease Control and Prevention (CDC) in
Atlanta, Georgia. Sera were diluted at 1:100 and pan-IgG secondary antibody, which can detect
IgM, IgG, and/or IgA was used. Samples were tested with a SARS-CoV-2-specific-enzyme
linked immunosorbent assay (ELISA) using the prefusion-stabilized form of the spike (S) pro-
tein [2]. Samples were considered seropositive if the anti-SARS-CoV-2 optical density (OD)
spike was equal to or greater than a cutoff of 0.4. This cutoff produced a sensitivity of 96% and
a specificity of 99.3% [2]. After initial testing, sera were stored at four degrees for less than 2
days, and all positive samples underwent repeat testing with the same assay (to reduce the pos-
sibility of false positive results), and specimens were not considered positive unless they tested
positive both times.

Data were analyzed in SAS 9.4 (Cary, NC). This study was approved by the Institutional
Review Board of the University of Washington (STUDY #00006181). De-identified specimens
and basic demographic information were obtained under a waiver of informed consent for a
minimal-risk, retrospective study.

Results

Samples from 770 participants were sent for testing; 766 were of sufficient volume for testing.
Demographic data were available for 572 samples (74%). The median age of participants was
45 years (interquartile range, 32.5-60), and 50.8% were female.

All 261 samples from 2019 had OD values below the cutoff for SARS-CoV-2 antibodies
(Table 1). Among 87 samples from January 8, 2020, (n = 3) 3.4% had OD values just above the
cutoff on initial testing but below the cutoff upon repeat testing. Similarly, of 413 samples col-
lected after March 1%, two sera samples collected on March 13, one collected on March 25, and
one collected on April 1, 2020 had OD values just above the cutoff on initial testing but below
the cutoff on repeat testing. These 4 samples from 2020 were also considered to be negative.

The first confirmed positive serum was identified from one of the 107 samples collected
on March 25, 2020. Four additional positive samples were identified in March and April
(Table 1). The mean OD for the 5 confirmed positive samples was 1.41 (standard deviation,
0.58). The estimated prevalence of SARS-CoV-2 antibodies in our study population during
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Table 1. Proportion of specimens testing positive for SARS-CoV-2 antibodies via ELISA assay by week of specimen collection.

Week of sample collection

October 2, 2019
November 5, 2019
December 6, 2019
January 8, 2020
March 5, 2020
March 13, 2020
March 18, 2020
March 25, 2020
April 1, 2020
Total for March-April samples
Total

https://doi.org/10.1371/journal.pone.0252235.t001

Positive Negative Total Estimated point prevalence (95% CI)

n=>5 n =761 n =766

0 (0%) 87 (100%) 87

0 (0%) 89 (100%) 89

0 (0%) 87 (100%) 87

0 (0%) 90 (100%) 90

0 (0%) 5 (100%) 5

0 (0%) 114 (100%) 114
1(0.92%) 108 (99.1%) 109 0.92% (0.02-5.0%)
3(3.33%) 87 (96.7%) 90 3.33% (0.7-9.4%)
1(1.05%) 94 (98.95%) 95 1.05% (0.03-5.7%)
5(1.21%) 408 (98.79%) 413 1.21% (0.4-2.8%)
5 (0.7%) 761 (99.3%) 766

December-January was 0 (95% CI, 0-2.1%) and from March 5-April 1, 2020 was 1.2% (95%
CI, 0.4-2.8%).

Discussion

Using samples collected from adults presenting for routine laboratory testing in the early days
of the pandemic, we did not find evidence of antibodies to SARS-CoV-2 in samples collected
from October 2, 2019 through March 13, 2020. Subsequently, in late March and early April,
the prevalence of antibodies to SARS-CoV-2 in healthcare users in the greater Seattle area rose
to 1.2%, comparable to the seroprevalence reported in Seattle-area children around the same
time period [3].

In contrast to our recent study examining earlier detection of SARS-CoV-2 spike-reactive
antibodies in blood donors using the same assay, which found 2% of specimens tested in
December 2019 in the Pacific Northwest had spike reactivity [1], our findings did not detect
antibodies in individuals accessing healthcare in the Seattle area prior to the detection of the
first case on January 20. If present, it likely only infected a very small proportion of the local
population, below the threshold for detection in this study. This discrepancy could be due to
chance, consistent with our finding of a December-January seroprevalence of 0 with a 95%
confidence interval of 0-2.1%. Neither this study or the blood donor study were designed to be
cross sectional and percentages are not representative of the population. While the blood
donor study suggested there could have been rare, sporadic cases of COVID-19 a few weeks
earlier than expected, both studies indicate that the virus was not widely circulating before
spring 2020.

The absence of earlier circulation of SARS-CoV-2 in our study is consistent with findings
from two studies in Canada examining residual nasopharyngeal samples from December 2019
onward, which did not find evidence of positive SARS-CoV-2 samples prior to late February
2020 [4, 5]. By contrast, however, evidence from Europe suggests that early SARS-CoV-2 may
have been circulating in France and Italy since December 2019 [6, 7].

Furthermore, our finding of a SARS-CoV-2 seroprevalence around 1% in early April is con-
sistent with larger serosurveys in the Pacific Northwest of the United States around this time
[8, 9], possibly due to rapid and widespread lockdowns imposed early in the pandemic [10].
Similar seropositivity was observed at that time in other locations with early success in control-
ling the spread of SARS-CoV-2, including Germany (0.97%) [11], Canada (0.7%) [12], Den-
mark (1.4%) [13] and Korea (0.4%) [14]. This contrasts with significantly higher SARS-CoV-2
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antibody positivity in parts of the world that had more cases early on in the pandemic, includ-
ing other parts of the United States (3.2-6.9%) [9], Wuhan, China (4.4%) [15], Spain (4.6%)
[16], Geneva (4.8%) [17], Ariano Irpino, Italy (5.6%) [18], and northern Iran (22.2%) [19].

Our approach has some advantages over serosurveys conducted in other regions. First,
ELISA has been shown to have greater specificity for the detection of SARS-CoV-2 antibodies
compared to lateral flow antibody assays [20], thereby reducing the likelihood of false positives
in our study. Second, all borderline or positive antibody results in our study underwent repeat
testing to confirm positive results, further reducing the likelihood of our obtaining a false posi-
tive result. Third, our study included samples from October-November, 2019, a time when
COVID-19 was not known to be circulating. The absence of positive test results from samples
during this time period reinforces that the positive results obtained from later samples in this
study were unlikely to be false positives. Finally, the collection of samples over several months
allowed us to assess changes in population seroprevalence over time.

This study has several limitations. First, the relatively small sample size, involving hundreds
rather than thousands of samples, limits the precision of our estimates. Second, the use of
residual samples from patients tested for hepatitis selected for a group of patients who had con-
tact with the healthcare system and may not be representative of the Seattle population as a
whole. The generalizability of our findings might therefore be limited. Third, due to the use of
de-identified samples, we are not able to describe the study population in detail in order to
understand the representativeness of the sample. Fourth, we were unable to collect specimens
in February, and SARS-CoV-2 may have been circulating in that month. Finally, with stay-at-
home orders in March and April, the sample population may have varied over time. Individu-
als who were seeking care in March and April may have had more serious conditions than
those seeking care October-January.

Despite these limitations, this study contributes important data to the limited information
we have thus far on the seroprevalence of antibodies to SARS-CoV-2 early in the pandemic.
First, we did not detect SARS-CoV-2 spike antibodies before March 18, suggesting that infec-
tions prior to that date were not widespread. Subsequently, it increased to 1.2% in late March/
early April, consistent with the time frame of increasing confirmed COVID-19 cases in the
Seattle-area at that time, corroborating the known time-frame of community spread of the
virus [21]. Furthermore, the low percentage of Seattle-area adults with serologic evidence of
prior SARS-CoV-2 infection indicates that, as of last spring the local population may remained
susceptible to COVID-19.

Large studies of population prevalence using specimens collected from a statistically repre-
sentative cross-sectional cohort were initiated last spring, and will continue to examine sero-
prevalence over time and across diverse geographic locations. These studies will enable more
accurate estimations of infections, and mortality rates and in conjunction with vaccine rollout
will allow public health officials monitor potential population immunity as we approach levels
to provide herd protection.

Supporting information

S1 Appendix. De-identified dataset.
(XLSX)
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