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Background. Unbiased assessment of the risks associated with acquisition of severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) is critical to informing mitigation efforts during pandemics. The objective of our study was to understand the risk 
factors for acquiring coronavirus disease 2019 (COVID-19) in a large prospective cohort of adult residents in a large US 
metropolitan area.

Methods. We designed a fully remote longitudinal cohort study involving monthly at-home SARS-CoV-2 polymerase chain 
reaction (PCR) and serology self-testing and monthly surveys.

Results. Between October 2020 and January 2021, we enrolled 10 289 adults reflective of the Boston metropolitan area census 
data. At study entry, 567 (5.5%) participants had evidence of current or prior SARS-CoV-2 infection. This increased to 13.4% by 
June 15, 2021. Compared with Whites, Black non-Hispanic participants had a 2.2-fold greater risk of acquiring COVID-19 
(hazard ratio [HR], 2.19; 95% CI, 1.91–2.50; P < .001), and Hispanics had a 1.5-fold greater risk (HR, 1.52; 95% CI, 1.32–1.71; P < 
.016). Individuals aged 18–29, those who worked outside the home, and those living with other adults and children were at an 
increased risk. Individuals in the second and third lowest disadvantaged neighborhood communities were associated with an 
increased risk of acquiring COVID-19. Individuals with medical risk factors for severe disease were at a decreased risk of SARS- 
CoV-2 acquisition.

Conclusions. These results demonstrate that race/ethnicity and socioeconomic status are the biggest determinants of acquisition 
of infection. This disparity is significantly underestimated if based on PCR data alone, as noted by the discrepancy in serology vs PCR 
detection for non-White participants, and points to persistent disparity in access to testing. Medical conditions and advanced age, 
which increase the risk for severity of SARS-CoV-2 disease, were associated with a lower risk of COVID-19 acquisition, suggesting the 
importance of behavior modifications. These findings highlight the need for mitigation programs that overcome challenges of 
structural racism in current and future pandemics.
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The severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) pandemic has necessitated frequent decisions 
regarding prioritization of access to mitigation measures such 
as testing, contact tracing, housing support, and vaccination 
among population groups. Considerable disparity in the appli
cation of these measures has been observed in the United 
States, with decreased uptake among younger adults, racial 
and ethnic minorities, rural populations, individuals with lower 

socioeconomic statuses, and certain occupational groups. 
While several studies have focused on the risk factors for se
verity of coronavirus disease 2019 (COVID-19) infection, unbi
ased data are lacking to assess relative population risks 
regarding the acquisition of COVID-19, which are critical to 
know to better guide ongoing mitigation efforts by public 
health authorities, institutions, and health care providers.

While the successful aggregation of SARS-CoV-2 viral poly
merase chain reaction (PCR) test results by regional, state, and 
national public health agencies has permitted comparison of 
confirmed COVID-19 incidence by geography, age, and ra
cial/ethnic groups, variable access to SARS-CoV-2 testing 
throughout the pandemic by these same factors, as well as poor
er access to testing in many disadvantaged communities, poten
tially confounds inference related to the risk of different 
populations acquiring SARS-CoV-2 infection [1, 2]. In addi
tion, given that close to half of all COVID-19 infections may 
be asymptomatic or only mildly symptomatic, thus not prompt
ing PCR testing, public health agency data based on captured 
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viral testing data alone rather than viral and antibody testing 
may not accurately capture the true incidence. Additionally, 
the lack of further granularity of testing details, such as employ
ment status, household composition, and medical comorbidi
ties, limits the interpretations of local and national testing 
trends. These confounding factors have likely led to an under- 
reporting of SARS-CoV-2 infections. Consequently, unbiased 
seroprevalence monitoring is very important for obtaining 
more accurate estimates of infection and transmission as well 
as determining the risk factors for acquiring COVID-19. 
Seroprevalence monitoring also contributes to a more refined 
estimate of the proportion of individuals who have not yet 
been exposed to SARS-CoV-2 and are not yet vaccinated, and 
thus constitute the greatest at-risk group of individuals. 
Cross-sectional seroprevalence studies have documented that 
60%–70% of SARS-CoV-2 infections were not clinically detect
ed, but the lack of understanding of the relative timing of infec
tion and potential risks associated with transmission also limits 
the conclusions of these cross-sectional studies [3, 4].

To inform implementation of risk reduction interventions, 
we sought to prospectively examine the risks associated with 
the incidence of SARS-CoV-2 infection in a large cohort of 
adult residents recruited to be representative of the Boston met
ropolitan area.

METHODS

By enrolling a large, generalizable cohort of individuals, repre
sentative of the metropolitan Boston area, the aim of this study 
was to understand the risk factors for acquiring COVID-19 and 
how confirmed cases of COVID-19 and seroprevalence varied 
across different socioeconomic statuses, racial/ethnic groups, 
sexes, age groups, medical comorbidities, and occupations 
between October 2020 and June 2021. In this monthly cross- 
sectional study, we tested individuals in the greater metropoli
tan Boston area for both SARS-CoV-2 PCR and SARS-CoV-2 
antibodies. In this article, we present the results, including se
roprevalence estimates and cumulative incidence over time 
based on serologic testing before vaccination and viral testing 
from adult participants enrolled between October 2020 and 
January 2021 with longitudinal 6-month follow-up.

Study Design

A randomly generated cohort of 150 000 adults age 18 years or 
older who lived within a 45-mile radius of Boston were eligible 
to enroll in the TestBoston Study. The study was approved by 
the Mass General Brigham Institutional Review Board. 
Participants provided informed consent either electronically 
or via a telephone consent that a qualified study staff member 
conducted. Consent forms were available in English, Spanish, 
and Haitian Creole. Participants were offered the opportunity 
to continue to participate in the longitudinal study with up to 

6 months of surveillance testing. The enrolled cohort consisted 
of individuals normalized to the general population of 
Massachusetts based on age, gender, and race/ethnicity per 
state census data [5].

Baseline surveys were completed by enrolled participants fol
lowed by monthly questionnaires to collect information on any 
new COVID-like symptoms, SARS-CoV-2 testing performed 
outside of the study, and, beginning in January 2021, history 
of COVID vaccination in the prior 30 days. Self-collection 
test kits were shipped directly to the participant’s home and in
cluded an anterior nasal swab for SARS-CoV-2 PCR and a 
dried blood spot card and lancet for SARS-CoV-2 immuno
globulin G serology. Participants shipped the kit back to the 
Broad Institute in a pre-addressed, prepaid envelope for pro
cessing (instructions in the Supplementary Data). In addition 
to monthly surveillance testing irrespective of symptoms, if a 
study participant developed new symptoms concerning for 
COVID-19 between scheduled monthly tests or had a known 
exposure to another individual with COVID-19, the study par
ticipant was able to request an additional ad hoc test kit (re
cruitment methods and laboratory details available in the 
Supplementary Data).

Statistical Analysis

Power analyses set a target enrollment of 10 000 individuals at 
baseline, followed by 80% of individuals who chose to enroll in 
the longitudinal portion of the study, assuming a 10% monthly 
attrition rate during months 3–6. Assuming a baseline seropre
valence of 5%, this sample size was determined to allow us to 
estimate an overall seroprevalence of COVID-19 infection of 
5% or higher (95% CI, 4.5%–5.5%) and to estimate the seropre
valence of COVID-19 infection by age groups, gender, and eth
nicity with good precision.

Descriptive statistics (proportions and 95% CIs, means and 
standard deviations) were performed for all studied variables: 
demographics, occupation, socioeconomic status as estimated 
by Area Deprivation Index [6], and comorbidities. Additional 
analyses including multivariate Cox regression analyses were 
used to explore factors associated with seroprevalence and viral 
positivity.

RESULTS

Participants, Testing, and Retention

Between October 2020 and January 2021, 102 576 adult resi
dents of metropolitan Boston (estimated population 3 987 800 
adults) were invited to join the study, and 10 289 (10%) en
rolled and completed at least 1 test kit. The median date of en
rollment (interquartile range) was November 23, 2020 
(October 20 to December 23, 2020). A total of 7181 (70%) par
ticipants were White non-Hispanic, 952 (9.3%) were Hispanic, 
925 (9.0%) were Black non-Hispanic, and 889 (8.6%) were 
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Asian non-Hispanic. A total of 5855 (57%) participants were fe
male. A total of 1765 (17%) were 18–29 years old, and 1746 

(17%) were age 65 years or older (Table 1). The TestBoston par
ticipants had demographic characteristics similar to the metro
politan Boston population, with some observed differences. 
The TestBoston cohort included more non-White participants 
(Black [9% in TestBoston vs 6.7% in metropolitan Boston cen
sus data]; Hispanic or Latinx [9.3% vs 8.1%]; Asian [8.6% vs 
6.3%]; and multiple and other race/ethnicities [3.3% vs 
2.5%]), more females (57% vs 52%), more participants in pro
fessional occupations (health care [15% vs 7.2%]; education and 
sciences [12% vs 7%]), and fewer participants in retail, trans
portation, and other frontline occupations (7.2% vs 26%) 
than the catchment population. Participants in TestBoston 
lived in neighborhoods with lower levels of disadvantage and 
reported being previously diagnosed with COVID-19 at enroll
ment less frequently than the rate of confirmed COVID-19 in 
the metropolitan Boston population (2.4% vs 3.5%).

Through the analysis date of June 15, 2021, TestBoston par
ticipants were followed for 5174 person-years (median, 
6.2 months). Retention for 4 months or more was 56%. 
During this period, a total of 44 886 viral PCR and 43 628 serol
ogy tests were performed by TestBoston, and 15 090 viral PCR 
tests performed outside of TestBoston were reported by partic
ipants. Of the TestBoston tests performed between October 
2020 and June 2021, 252 (0.6%) were positive PCR tests and 
12 633 (29%) were positive serology tests.

SARS-CoV-2 Infection and Vaccination

At the time of study entry, 459 (4.9%) participants had sero
logic evidence of prior SARS-CoV-2 infection, 2.7 times higher 
than the 173 who reported having known prior infection. An 
additional 66 participants were diagnosed by positive PCR at 
entry. During longitudinal follow-up, an additional 719 
(6.9%) infections were detected, with 126 by PCR testing out
side of TestBoston, 157 by TestBoston PCR testing, and 613 
by serologic testing. The detection of SARS-CoV-2 among 
TestBoston participants closely followed the epidemic curve 
for COVID-19 in metropolitan Boston (Supplementary 
Figure 1), with peak incidence in January 2021.

The cumulative incidence of SARS-CoV-2 infection among 
TestBoston participants based on serologic testing increased 
from 5.1% on December 1, 2020, to 12.7% on June 15, 2021. 
Standardized by age, race/ethnicity, and neighborhood disadvan
tage, the estimated cumulative incidence among adults in metro
politan Boston increased from 5.1% (95% CI, 4.3%–5.9%) in 
December 2020 to 12.8% (95% CI, 11.9%–13.7%) in June 2021. 
In comparison, the cumulative incidence of confirmed 
COVID-19 in metropolitan Boston, as reported by the 
Massachusetts Department of Public Health, was 3.1% in 
December 2020 and 8.4% in June 2021. Non-White TestBoston 
participants were more likely to have SARS-CoV-2 infection 
only identified via serology (ie, not clinically recognized or 
recorded).

Table 1. Baseline Characteristics of TestBoston Participants 
and Metropolitan Boston Population

Characteristic

TestBoston 
(n = 10 289), 

No. (%)

Metro Boston 
(n = 3 987 

800), No. (%)

Sex … …

Female 5855 (57) 2 090 300 (52)

Male 4434 (43) 1 897 500 (48)

Age … …

18–29 y 1765 (17) 890 600 (22)

30–44 y 3244 (32) 1 036 200 (26)

45–64 y 3534 (34) 1 394 400 (35)

≥65 y 1746 (17) 666 600 (17)

Race and ethnicity … …

White 7181 (70) 3 045 800 (76)

Black 925 (9.0) 267 900 (6.7)

Hispanic or Latinx 952 (9.3) 324 100 (8.1)

Asian 889 (8.6) 250 400 (6.3)

Multiple and other races/ethnicities 342 (3.3) 99 600 (2.5)

Neighborhood disadvantage (ADI quintiles) … …

0–20th percentile (lowest disadvantage) 4320 (42) 965 400 (24)

20–40th percentile 3052 (30) 983 000 (25)

40–60th percentile 1896 (18) 888 900 (22)

60–80th percentile 799 (7.8) 729 600 (18)

80–100th percentile (highest disadvantage) 222 (2.2) 420 900 (11)

Occupation … …

Business, legal, managerial 3252 (32) 1 112 700 (28)

Health care 1526 (15) 285 900 (7.2)

Retail, transportation, and other frontline 745 (7.2) 1 037 500 (26)

Education and sciences 1199 (12) 277 300 (7.0)

Arts, sports, and other 742 (7.2) 170 400 (4.3)

Retired, unemployed, or student 2825 (27) 1 103 800 (28)

Household members … …

Living alone 1314 (13) —

Living with other adults 5645 (55) —

Living with children 3330 (32) —

Location of work … …

Home or remote 7185 (70) —

In-person 3104 (30) —

Medical conditions … …

No major comorbidities 5387 (52) —

Immunocompromise 862 (8.4) —

Cardiovascular, pulmonary disease, or 
diabetes

3434 (33) —

Psychiatric disorder 606 (5.9) —

Prior COVID-19 … …

No prior COVID-19 9717 (94) 5 274 300 (97)

PCR-confirmed COVID-19 245 (2.4) 189 800 (3.5)

Serology-detected COVID-19 327 (3.2) —

Characteristics of TestBoston participants were obtained via self-report and SARS-CoV-2 
testing at the time of study entry, with the exception of neighborhood disadvantage, 
which was determined through geolocation of address to census block group (2010 US 
Census definitions) and Area Deprivation Index (2018 version). Characteristics for 
metropolitan Boston were drawn from resident responses to the 2010 US Census (last 
available at block group level) in the TestBoston study area (45-mile radius around Boston). 
Cumulative incidence of COVID-19 for towns and cities within the TestBoston study area 
was obtained from public reporting by the Massachusetts Department of Public Health.  

Abbreviations: ADI, Area Deprivation Index; COVID-19, coronavirus disease 2019; PCR, 
polymerase chain reaction.
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SARS-CoV-2 vaccination became available to some partici
pants beginning in December 2020, with increasing eligibility 
through early 2021. A total of 8879 (86.3%) participants re
ceived at least 1 vaccine dose during the study period. By 
June 2021, 9257 (90.0%) of TestBoston participants acquired 
evidence of immunity to SARS-CoV-2 through vaccination, in
fection, or both (Figure 1). Standardized to the population, an 
estimated 89% (95% CI, 88%–91%) of adult residents acquired 
evidence of immunity to SARS-CoV-2.

Risk of Incident SARS-CoV-2 Infection

Among 8532 TestBoston participants without evidence of prior 
SARS-CoV-2 infection at study entry, 717 (8.4%) acquired 
COVID-19 during the study period. A multivariate Cox regres
sion analysis (Table 2) showed that individuals aged 30–44 (HR, 
0.76; 95% CI, 0.66–0.86; P < .001), 45–64 (HR, 0.72; 95% CI, 
0.63–0.81; P < .001), and 65 years and older (HR, 0.72; 95% 
CI, 0.61–0.85; P < .001) had a significantly lower incidence of 
SARS-CoV-2 infection compared with 18–29-year-olds. 

Conversely, Black non-Hispanic, Asian non-Hispanic, and 
Hispanic participants had significantly higher incidence 
(Figure 2). Black non-Hispanics had a 2.2-fold greater risk com
pared with White non-Hispanics (HR, 2.19; 95% CI, 1.91–2.50; 
P < .001). Hispanics had a 1.5-fold greater risk (HR, 1.52; 95% 
CI, 1.32–1.71; P < .016), and Asian non-Hispanics had a 
1.22-fold greater risk (HR, 1.22; 95% CI, 1.04–1.43; P < .001) 
compared with White non-Hispanics. Men had a 16% risk re
duction for developing COVID-19 relative to women (HR, 
0.84; 95% CI, 0.77–0.92; P < .001).

Individuals in the second and third lowest disadvantaged 
neighborhood communities, as measured by the Area 
Deprivation Index (ADI) as a marker for socioeconomic status 
by census block group, were associated with an increased risk of 
developing COVID-19 (HR, 1.17; 95% CI, 1.04–1.31; P = .007; 
and HR, 1.38; 95% CI, 1.19–1.60; P < .001). Living alone was as
sociated with a lower risk of getting COVID-19 as households 
with adults and children had an increased risk of developing 
COVID-19 compared with individuals who lived alone 

Figure 1. Cumulative infection and vaccination among TestBoston participants. Date of first positive COVID-19 test (PCR or serology) and first dose of a SARS-CoV-2 vac
cine. Participant-reported race and ethnicity at study entry. Abbreviations: COVID-19, coronavirus disease 2019; PCR, polymerase chain reaction; SARS-CoV-2, severe acute 
respiratory syndrome coronavirus 2.
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(HR, 1.19; 95% CI, 1.04–1.37; P = .013). Individuals who 
worked outside of the home had an increased risk of acquiring 
COVID-19 compared with those who worked remotely (HR, 
1.32; 95% CI, 1.19–1.47; P < .001). Those who worked in edu
cation had a lower adjusted risk of developing COVID-19 
(HR, 0.69; 95% CI, 0.59–0.80; P < .001). Frontline workers 

did not have an adjusted increased risk (HR, 1.02; 95% CI, 
0.86–1.20; P = .83). Vaccination showed a 97.2% rate of effec
tiveness during this study period (HR, 0.01; 95% CI, 0.00– 
0.02; P < .001).

In contrast to medical risk factors for increased severity of 
infection, individuals with major medical comorbidities did 
not have an increased risk of acquiring SARS-CoV-2. In fact, 
individuals with cardiovascular disease, pulmonary disease, 
obesity, or diabetes had a lower adjusted risk of acquiring 
COVID-19 (HR, 0.91; 95% CI, 0.83–1.00; P = .049), as did indi
viduals with underlying psychiatric disorders such as depres
sion and anxiety (HR, 0.71; 95% CI, 0.58–0.88; P = .002).

DISCUSSION

TestBoston is one of the largest longitudinal, remote, at-home 
direct-to-patient COVID-19 testing studies in the United 
States, established to follow a cohort of >10 000 individuals 
who were representative of the residents of Boston, a US met
ropolitan city with a diverse population, in order to assess the 
risk factors associated with development of SARS-CoV-2 infec
tion. There are significant impediments to participating in re
search studies that disproportionately impact the most 
vulnerable individuals, particularly those of Black race and 
Hispanic/Latinx ethnicity, due to language barriers, mistrust 
in medical research, and time and travel commitments that 
cannot be accommodated by shift workers, in particular, and 
those of lowest socioeconomic status. Therefore, this study 
was designed as a fully remote study that was equitable, scal
able, and allowed for a wide geographic catchment area that en
abled recruitment and retention of those individuals who are 
often not represented in these research studies.

As of June 15, 2021, 90% of individuals living in the greater 
Boston area had previously been infected by SARS-CoV-2 and/ 
or were vaccinated. While reinfection can occur despite prior 
infection and vaccine breakthrough infections occur, those 
90% of individuals are much less likely to be at risk of severe 
COVID-19 if they subsequently acquire SARS-CoV-2 infection 
[7–11]. Among the remaining individuals who are therefore at 
higher risk for severe COVID-19 infection, Black and/or 
Hispanic individuals are disproportionately represented. This 
disparity is due to considerably lower vaccination rates in 
Black and Hispanic individuals, as their rates of prior 
COVID-19 infection were higher than those of other racial 
and ethnic groups.

Black race, Asian race, and Hispanic ethnicity were strongly 
associated with seropositivity and COVID-19 cases, echoing 
broader racial inequities in testing and consistent with previous 
reports on the disproportionate burden of disease among some 
racial and ethnic subgroups seen in the United States during the 
COVID-19 pandemic [12–14]. Here, we now confirm that this 
disparity is significantly underestimated if based on 

Table 2. Multivariable Stratified Cox Proportional Hazards Regression 
Analysis for Incidence of SARS-CoV-2 Infection

Characteristic HR 95% CI P Value

Sex … …

Female Ref Ref

Male 0.84 0.77–0.92 <.001

Age … …

18–29 y Ref Ref

30–44 y 0.76 0.66–0.86 <.001

45–64 y 0.72 0.63–0.81 <.001

≥65 y 0.72 0.61–0.85 <.001

Race and ethnicity … …

White Ref Ref

Black 2.19 1.91–2.50 <.001

Hispanic or Latinx 1.52 1.32–1.75 <.001

Asian 1.22 1.04–1.43 .016

Multiple and other races/ethnicities 1.06 0.82–1.37 .66

Neighborhood disadvantage (ADI quintiles) … …

0–20th percentile (lowest disadvantage) Ref Ref

20–40th percentile 1.01 0.91–1.12 .86

40–60th percentile 1.17 1.04–1.31 .007

60–80th percentile 1.38 1.19–1.60 <.001

80–100th percentile (highest disadvantage) 0.89 0.66–1.20 .44

Medical conditions … …

No major comorbidities Ref Ref

Immunocompromise 0.97 0.83–1.13 .70

Cardiovascular, pulmonary disease, or diabetes 0.91 0.83–1.00 .049

Psychiatric disorder 0.71 0.58–0.88 .002

Location of work … …

Home or remote Ref Ref

In-person 1.32 1.19–1.47 <.001

Occupation … …

Business, legal, managerial Ref Ref

Health care 1.04 0.90–1.21 .58

Retail, transportation, and other frontline 1.02 0.86–1.20 .83

Education and sciences 0.69 0.59–0.80 <.001

Arts, sports, and other 1.08 0.93–1.27 .30

Unemployed 1.06 0.94–1.19 .35

Household members … …

Living alone Ref Ref

Living with other adults 0.92 0.81–1.04 .19

Living with children 1.19 1.04–1.37 .013

Vaccination … …

Unvaccinated Ref Ref

Vaccinated (0–30 d) 0.08 0.05–0.11 <.001

Vaccinated (≥31 d) 0.01 0.00–0.02 <.001

Model was stratified by month of study entry to limit temporal confounding in the context of 
varying epidemic intensity during the enrollment period. Vaccination status was time-updated, 
and other characteristics were modeled as fixed as measured at time of study entry.  

Abbreviations: ADI, Area Deprivation Index; HR, hazard ratio; SARS-CoV-2, severe acute 
respiratory syndrome coronavirus 2.
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SARS-CoV-2 PCR testing data alone, likely due to unequal ac
cess to testing. While there was a 2-fold greater positivity rate 
based on serology compared with PCR testing for White 
non-Hispanic and Hispanic individuals, there was a 3.5-fold 
and 4-fold difference for Black and Asian non-Hispanic 
individuals.

Twenty-six percent of Black non-Hispanics were seroposi
tive for SARS-CoV-2 before vaccination, but only 7% had test
ed positive at any time via viral PCR testing either during the 
study or before study enrollment. Conversely, only 9% of 
White non-Hispanic individuals were SARS-CoV-2 seroposi
tive before vaccination, and nearly half of those cases had 
been detected via viral PCR testing, suggesting greater access 
to testing for White non-Hispanic individuals in the greater 
Boston area. This disparity in testing is consistent with what 
has been seen throughout other metropolitan cities throughout 
the United States, showing the marginalization of majority 
Black areas due to economic disenfranchisement and limited 
health-promoting attributes [1, 15–17]. Notably, in New York 

City, efforts to increase testing availability in order to decrease 
the disparity in the placement of testing sites has begun to make 
an impact [17]. It is imperative that access to testing be im
proved for vulnerable groups and that racial and ethnic dispar
ities in access to testing be decreased. This is critical for 
identifying cases and preventing the spread of COVID-19 
among these groups. TestBoston has demonstrated that 
at-home testing is one way to decrease barriers and expand test
ing [18].

Disparities in testing result in disparities in recognizing cases 
of COVID-19. The early identification of cases when an indi
vidual is asymptomatic or only mildly symptomatic is critical 
in preventing severe COVID-19 infection and associated mor
bidities and mortality now that treatment options such as 
monoclonal antibodies are available to decrease an individual’s 
risk of severe COVID-19 and hospitalization. These study re
sults highlight the importance of understanding the risk factors 
associated with the acquisition of SARS-CoV-2 infection and 
the associated negative impact that testing inequities has on 

Figure 2. Comparison of cumulative incidence of SARS-CoV-2 infection among TestBoston participants without prior infection at study entry. Characteristics as reported by 
participants at study entry. Abbreviation: SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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individuals and certain communities receiving the needed 
medical interventions to prevent ongoing and more severe 
disease.

We know in theory that an individual’s medical comorbidi
ties and behaviors can affect the risk of acquisition of 
COVID-19, but the data to date have focused more on the 
risk factors for severity of disease rather than on the risk factors 
for acquisition. Risk factors of acquisition are critical to eluci
dating who we should target for mitigation efforts as well as 
on whom we should focus the emerging outpatient treatment 
interventions, including monoclonal antibodies and oral anti
virals, as they become available, to attenuate the severity of dis
ease, limit ongoing transmission to those individuals who are at 
higher risk for hospitalization, and minimize long COVID [19].

Younger individuals (18–29 years old) had a higher adjusted 
risk of acquiring COVID-19 compared with individuals who 
were age 30 years or older, which may have reflected social be
haviors during this period of the pandemic. However, the older 
age groups had a lower proportion of COVID-19 cases detected 
by PCR testing and a greater proportion of cases detected only 
by antibody testing before vaccination. This highlights the 
greater access to viral testing programs at colleges and univer
sities and certain companies or places of work. This has direct 
negative clinical impacts as those who are older and have a 
higher risk of severity of disease were less likely to have had vi
ral COVID-19 testing, which significantly disadvantages them 
in terms of potential outpatient treatment options to prevent 
hospitalizations.

Surprisingly, while cardiovascular and pulmonary comor
bidities including obesity, diabetes, asthma, and chronic ob
structive pulmonary disease, as well as immunosuppressive 
conditions such as hematologic malignancy, solid organ trans
plant, or being on immunosuppressive medications, increase 
an individual’s risk for severe illness from SARS-CoV-2 infec
tion, this study found that these medical conditions do not in
crease one’s risk of acquiring COVID-19. Having a psychiatric 
disorder was seen to be associated with lower risk of acquiring 
COVID-19, in contrast to severe disease, suggesting that the 
risk of acquisition can be mitigated by behavior.

The strengths of this study include the frequent, repeat 
paired SARS-CoV-2 viral and antibody testing of a wide range 
of individuals from differing racial and ethnic groups, ages, so
cioeconomic statuses, occupations, and household composi
tions that are representative of a greater metropolitan city, 
Boston. This granularity of detail on such a large representative 
cohort sets this study apart and expounds upon the more lim
ited data that are monitored at the city, state, and national lev
els. Our study design avoided the biases that have been seen in 
many of the other large COVID-19 studies because it was not 
limited to participants who were only testing due to being 
symptomatic, having risk factors for developing severe 
COVID, or presenting with severe disease. We were mindful 

that data quality matters as much as, if not more than, data 
quantity and ensured that our findings were not a victim of 
the “big data paradox,” a mathematical tendency of big data 
sets to minimize errors due to small sample size while magni
fying errors linked to systematic biases that make the sample 
a poor representation of the larger population [20, 21]. As a re
sult of our study design capturing the demographics and com
position of a metropolitan US city, we were able to learn key 
findings about the risks of acquisition of SARS-CoV-2 infection 
at an individual level as well as a community level. The limita
tions of this study include the fact that the results analyzed for 
this study stop in mid-June 2021, before the Delta and now 
Omicron variants became the predominant circulating strains 
in this geographic area. Other limitations include that asymp
tomatic viral PCR testing was only offered once monthly and 
the inability to detect new cases via serology testing 
postvaccination.

The COVID-19 pandemic has further highlighted the social 
and racial inequities that exist in health care and has brought 
these discussions to the forefront of public health. It has high
lighted that health equity is still not a reality as COVID-19 has 
unequally affected many racial and ethnic minority groups. 
Testing only captured a fraction of the cases, which resulted 
in an immense inequity of counting of cases in certain popula
tions. As we face SARS-CoV-2 becoming an endemic viral in
fection, it is paramount to continue understanding the risk 
factors for acquisition rather than just severity of illness and 
which of those factors can be mitigated, as preventing acquisi
tion of infection is the best intervention to prevent severe ill
ness. These data also demonstrate that a major determinant 
of risk of acquisition is behavior and that a major risk-reducing 
intervention is behavior modification. For example, in younger 
individuals, behavior dominates their risk for acquisition, while 
in individuals with significant medical comorbidities, any pos
sibility of increased acquisition may be offset by active behav
ioral modifications to minimize exposure. Thus, the 
importance of behavioral modification during a pandemic can
not be overemphasized, in contrast to medical comorbidities 
and older age, which cannot be modified.

Taken together, these results suggest both that the conse
quences of structural racism on risk must be considered during 
the development of mitigation programs for current and future 
pandemics and that an important component of these mitiga
tion programs must be to educate and encourage risk- 
modifying behaviors. Given that Black and Hispanic frontline 
workers are overrepresented in positions associated with higher 
risk for COVID-19, proposed behavior modifications, while 
critical, should also consider such barriers to risk mitigation 
in the workplace [22]. While the actual risk factors may change 
as the status of the pandemic continues to evolve, including 
waning immunity from vaccination, the rise of variants, the 
availability of testing, and the changing behavioral norms of 
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local communities and nations, these principles will likely re
main firm for the foreseeable future.
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ing author.
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