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Abstract

IMPORTANCE Some individuals who were infected by the SARS-CoV-2 Omicron variant may have
been completely unaware of their infectious status while the virus was actively transmissible.
OBJECTIVE To examine awareness of infectious status among individuals during the recent Omicron
variant surge in a diverse and populous urban region of Los Angeles County.

DESIGN, SETTING, AND PARTICIPANTS This cohort study analyzed the records of adult employees
and patients of an academic medical center who were enrolled in a longitudinal COVID-19 serological
study in Los Angeles County, California. These participants had 2 or more serial anti-nucleocapsid
1gG (IgG-N) antibody measurements at least 1 month apart, with the first occurring after the end of a
regional Delta variant surge (September 15, 2021) and a subsequent one occurring after the start of

a regional Omicron variant surge (December 15, 2021). Adults with evidence of new SARS-CoV-2
infection occurring during the Omicron variant surge period through May 4, 2022, were included in
the present study sample.

EXPOSURES Recent Omicron variant infection as evidenced by SARS-CoV-2 seroconversion.

Key Points

Question What proportion of
individuals who recently contracted the
SARS-CoV-2 Omicron variant were

aware of their infectious status?

Findings In this cohort study of 210
adults with evidence of seroconversion
during a regional Omicron variant surge,
56% reported being unaware of any

recent Omicron variant infection.

Meaning Findings of this study suggest
that low rates of Omicron variant
infection awareness may be a key
contributor to rapid transmission of the

virus within communities.

I + Supplemental content

MAIN OUTCOMES AND MEASURES Awareness of recent SARS-CoV-2 infection was ascertained
from review of self-reported health updates, medical records, and COVID-19 testing data.

Author affiliations and article information are
listed at the end of this article.

RESULTS Of the 210 participants (median [range] age, 51(23-84) years; 136 women [65%]) with
serological evidence of recent Omicron variant infection, 44% (92) demonstrated awareness of any
recent Omicron variant infection and 56% (118) reported being unaware of their infectious status.
Among those who were unaware, 10% (12 of 118) reported having had any symptoms, which they
attributed to a common cold or other non-SARS-CoV-2 infection. In multivariable analyses that
accounted for demographic and clinical characteristics, participants who were health care employees
of the medical center were more likely than nonemployees to be aware of their recent Omicron
variant infection (adjusted odds ratio, 2.46; 95% Cl, 1.30-4.65).

CONCLUSIONS AND RELEVANCE Results of this study suggest that more than half of adults with
recent Omicron variant infection were unaware of their infectious status and that awareness was
higher among health care employees than nonemployees, yet still low overall. Unawareness may be
a highly prevalent factor associated with rapid person-to-person transmission within communities.
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Introduction

The rapid spread of the SARS-CoV-2 Omicron variant across communities worldwide has been
attributed to several factors, including transmissibility features of the viral variant, limited coverage
by available vaccines, and changes in face mask use and socializing behaviors."? In particular,
alterations of the Omicron variant have been implicated because of its greater transmissibility
compared with previous SARS-CoV-2 variants, as demonstrated by higher infection rates within
households.>* Furthermore, available vaccines have had variable efficacy against the Omicron
variant, and waning levels of immunity provided by vaccinations administered up to 1year earlier
likely also compounded the magnitude of the Omicron variant surge.> Beyond the specific factors
associated with the variant and vaccines, public health guidance on masking and social distancing has
been changing along with adherence to public health policies in general.®

Despite all of the known factors in the Omicron variant surge, there remain unknown variables.
Prominent among these unknown variables is the extent to which infected individuals may be
unaware of their infectious status. Multiple previous studies have indicated that asymptomatic or
minimally symptomatic SARS-CoV-2 infections are likely triggers of outbreaks as well as ongoing
rapid person-to-person transmission across communities.”*® Although rapid antigen testing kits,
which were distributed to facilitate self-diagnosis, are now widely available throughout the US, the
extent to which some individuals with Omicron variant infection are unaware of their infection while
it is actively transmissible is unknown.

We aimed to examine awareness of infectious status among individuals during the recent
Omicron variant surge in a diverse and populous urban region of Los Angeles County in California. To
this end, we assessed participants in a large observational cohort for whom serial SARS-CoV-2
serological assays had been performed before or after the onset of the Omicron variant surge in
this region.

Methods

All participants in the source study provided written informed consent for all protocols, which were
approved by the Cedars-Sinai Medical Center Institutional Review Board. The approval and informed
consent also applied to the present cohort study. We followed the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting guideline.

Study Cohort

Individuals who were registered as adult employees or patients at Cedars-Sinai Medical Center, an
academic medical center in Southern California, were enrolled in the longitudinal serological study of
COVID-19 risks and outcomes. Participants completed surveys on exposures and symptoms at
baseline and at serial time points over the course of the study according to protocols described in
previous publications.'® All participants were invited to complete monthly health update surveys
(eAppendix in the Supplement) and to contact study coordinators by telephone or email at any time
regarding health status updates, including interval SARS-CoV-2 infections contracted or doses of
COVID-19 vaccines received. All participants were also invited to contribute to monthly blood draws
for COVID-19 serological assays."

The sampling strategy for the current study is outlined in the eFigure in the Supplement. Of the
6385 participants enrolled in the source study, 2479 provided plasma samples for serological assays;
these samples were collected from at least 2 serial time points, including at least 1time point after
the end of the Delta variant surge (September 15, 2021) and at least 1 subsequent time point after the
start of the Omicron variant surge (December 15, 2021) in the region.'? Of this subset, 264
participants met the criterion for seroconversion during the Omicron variant surge period (from
December 15, 2021, through May 4, 2022).
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We excluded 52 participants who had not completed at least 1 health update survey within 5
weeks before or any time after collection of the second time point blood draw."™ We also excluded 2
participants who received pre-exposure monoclonal antibody treatment (given its potential to
markedly increase antibody levels in the absence of infection). We verified that all 210 participants
who made up the final sample for the present analysis had completed an in-person brief health
history update during the intake registration for the second time point (ie, postseroconversion) blood
draw visit.

Clinical and Serological Assessment

Participants completed surveys on medical history, exposures, and symptoms at baseline and at
serial time points over the course of the source study. To verify self-reported absence or presence of
comorbidities for participants, we reviewed medical records using the electronic health record (EHR)
system at Cedars-Sinai Medical Center.'* Serological measures were performed using the Abbott
Architect immunoassay' (Abbott Laboratories) to quantify circulating levels of SARS-CoV-2 anti-
nucleocapsid IgG antibody (IgG-N), with an index value of 1.4 or higher considered to be the
threshold indicating previous SARS-CoV-2 infection.’® All primary data were extracted from the EHR
using algorithm-based scripts and from the REDCap electronic survey database (Vanderbilt
University). For SARS-CoV-2 infection or COVID-19 vaccine events that were not captured in the EHR
because they occurred outside of Cedars-Sinai Medical Center, manual verification was performed
by study staff with training in medical record review and data abstraction procedures relevant to
COVID-19 research study protocols. Self-reported SARS-CoV-2 infection events were verified from
external records of polymerase chain reaction (PCR) or other testing. Self-reported type, dose, and
date of vaccinations were ascertained from vaccination cards or external documents. All staff
involved in manual verification protocols used standardized data capture instruments with explicitly
defined variable fields, and all verification procedures were performed in batch fashion for the source
study as a whole; thus, all staff were blinded to the study hypothesis for the present cohort study.

Classification of Recent Omicron Variant Infection

We classified participants as having had recent Omicron variant infection if their IgG-N index level
changed from lower than 1.2 to 1.4 or higher after the surge onset (n = 210) in accordance with the
high sensitivity and specificity reported for the 1.4 or higher index threshold for the Abbott Architect
assay used.'® In sensitivity analyses, given the possibility that values close to (albeit lower than) the
1.4 index threshold could represent diminishing IgG-N levels from previous SARS-CoV-2 infection or
(less likely) recent-onset SARS-CoV-2 infection and could be an indicator of newly increasing levels,
we used more conservative criteria to define seroconversion events on the basis of a lower
preseroconversion IgG-N level. Accordingly, for sensitivity analyses, we classified 195 participants as
having had recent Omicron variant infection if their pre- to post-IgG-N value change was from lower
than 1.0 to 1.4 or higher (ie, a lower threshold for defining previous negative status). We also classified
159 participants as having had recent Omicron variant infection if their IgG-N value change was from
lower than 0.4 to 1.4 or higher (ie, the lowest threshold for defining previous negative status).

Assessment of Infection Awareness

Participants were invited to complete an electronic health update survey using a standardized
REDCap instrument.”® The survey included questions regarding recent vaccinations, infections, and
symptoms as well as other changes in health status. Participants were specifically asked whether
they had developed any known new infections since completing the previous health update survey
or study visit (eAppendix in the Supplement). In the source study of 2479 participants with 2 or more
serological assays, which were appropriately timed to detect possible seroconversion during the
Omicron variant surge, 1937 participants completed a correspondingly timed health update survey
and 542 did not. The frequency of seroconversion was 16% (316 of 1937) in the former group and
18% (96 of 542) in the latter group.
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Participants who met the criteria for seroconversion and inclusion in the final sample of the
present study (eFigure in the Supplement) were categorized as aware or unaware of recent Omicron
variant infection on the basis of their responses to the health update survey, which was completed
after the preconversion blood draw. For participants who completed more than 1 monthly health
update survey (eTable 1in the Supplement), we selected the survey closest in timing to the
postseroconversion blood draw. Given that the timing and up to monthly frequency of electronic
surveys might not completely capture the information on Omicron variant infection awareness, for
participants who initially appeared unaware according to their survey responses alone, we also
reviewed other records that could have captured such data, including study-related telephone and
email logs and the EHR for any diagnostic testing or codes relevant to possible recent Omicron
variant infection. In addition, we reviewed the in-person health history update (which included
screening for interval COVID-19 vaccination or SARS-CoV-2 infection) that was conducted as part of
the intake registration for each blood draw visit, including the postseroconversion blood draw visit
attended by all participants in the current study sample.

Statistical Analysis
To compare preexisting demographic and clinical characteristics between participants who were
aware vs unaware of recent Omicron variant infection, we used the unpaired, 2-tailed t test to
analyze continuous variables and ¥ tests for categorical variables. We then used logistic regression
analyses to examine the association of demographic and clinical characteristics with infection
awareness. After initially examining the associations in unadjusted models, we used a multivariable
regression model with stepwise selection to identify demographic and clinical variables associated
with awareness while accounting for the effects of other covariates. Race and ethnicity were self-
reported by participants and were included as covariates in analyses given their potential to
represent factors associated with variation in access to COVID-19 testing resources, including at
home testing kits. The race categories were identified as Asian, Black or African American, Native
Hawaiian or Other Pacific Islander, White, multiple, other, or unknown. The ethnicity categories were
identified as Hispanic, non-Hispanic, or other.

Given the small sample size, we used P = .10 as the threshold for model entry or exit for all of the
variables considered in the stepwise selection. We conducted all statistical analyses using Stata,
version 15.1 (StataCorp LLC), and we considered a 2-tailed P < .05 to be statistically significant.

Results

Among the 210 adult participants in the sample with serological evidence of recent Omicron variant
infection, the median (range) age was 51(23-84) years and there were 136 women (65%) and 74 men
(35%). Compared with participants in the source cohort, the individuals included in the present study
were similar in demographic and most clinical characteristics but were less likely to have autoimmune
disease (eTable 2 in the Supplement). Before seroconversion, 94% of participants (197 of 210) in this
sample had received any COVID-19 vaccine, and 93% of previously vaccinated individuals (183 of
197) received a vaccination series that included at least 1 mRNA vaccine (eTable 3 in the Supplement).
Compared with individuals with Omicron variant infection that was identified using standard
seroconversion criteria, those whose infection was identified with more stringent criteria (using the
lowest preseroconversion IgG-N levels) were similar in demographic and clinical characteristics
(eTable 4 in the Supplement).

Overall, of all participants with seroconversion during the Omicron variant surge, only 44% (92
of 210) demonstrated awareness of any recent Omicron variant infection, whereas 56% (118 of 210)
were unaware (Table; Figure 1). Of participants who were aware of such an infection, 73% (67 of 92)
had an interval positive PCR result that was recorded in the EHR, self-reported, or both.

In sensitivity analyses, rates of unawareness of Omicron variant infection were similar at 54%
(105 of 195) for individuals whose seroconversion was identified using the more conservative lower
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1gG-N index values and 51% (81 of 159) for individuals whose seroconversion was identified with the
lowest preinfection IgG-N thresholds. Among the 92 individuals who were aware of recent Omicron
variant infection, 67% (62) reported awareness on their health update survey; of these 62
respondents, 90% (56) reported attributable symptoms and 10% (6) reported being asymptomatic.
Among the 118 participants with seroconversion and who were unaware of recent Omicron variant
infection, 10% (12) reported experiencing interval symptoms during the seroconversion period that
they attributed to a common cold or other non-SARS-CoV-2 infection.

In unadjusted analyses, individuals aware of recent Omicron variant infection compared with
those who were unaware were more likely to be younger (median [range] age, 47 [23-77] years vs 53
[24-84] years; P = .02) and more likely to be health care employees of Cedars-Sinai Medical Center
(45 [49%] vs 33 [28%]; P = .002) (Table; Figure 2). Both groups of individuals were otherwise similar
in demographic and clinical characteristics (Table) as well as the number of vaccination doses or types
of vaccines received (eTable 3 in the Supplement). In stepwise multivariable-adjusted analyses,

Table. Characteristics of the Study Sample

Participants, No. (%)

Unaware of Aware of
Omicron Omicron
variant variant
Characteristic Overall infection infection P value
No. of participants 210 118 (56) 92 (44)
Age, median (range), y 51 (23-84) 53 (24-84) 47 (23-77) .02
Sex
Female 136 (65) 81 (69) 55 (60)
Male 74 (35) 37 (31) 37(40) 20
Ethnicity?
Hispanic 19 (9) 8(7) 11(12)
Non-Hispanic 189 (90) 109 (92) 80 (87) 42
Unknown 2(1) 1(1) 1(1)
Race®
Asian 24 (11) 14 (12) 10 (11)
Black or African American 6(3) 4(3) 2(2)
Native Hawaiian or Other Pacific Islander 1(1) 1(1) 0
White 164 (78) 95 (81) 69 (75) .18
Multiple 8(4) 303) 5(5)
Other® 5(@3) 0 5(5)
Unknown 2(1) 1(1) 1(1)
Health care employee 78 (37) 33(28) 45 (49) .002
Medical history
Obesity 31(15) 17 (14) 14 (15) .87
Hypertension 49 (23) 28 (24) 21 (23) .88
Diabetes 11 (5) 5(4) 6(7) 46
Coronary disease or heart failure 28 (13) 14 (12) 14 (15) A48
Asthma or COPD 37(18) 21(18) 16 (17) .94
Cancer 31(15) 19 (16) 12 (13) .54
Autoimmune disease 13 (6) 9(8) 4(4) .33
Organ transplant recipient 4(2) 3(3) 1(1) 44
No. of vaccination doses
0 13(6) 8(7) 5(5)
1 6(3) 5(4) 1(1)
) 18 (9) 10(9) 8(9) 16 Abbreviation‘: COPD, chronic obstructive
3 14167) 7260 69075) pulmonary disease.
@ Race and ethnicity were self-reported by
4 32(15) 23(20) 9 (10) participants.
Received =3 vaccination doses 173 (82) 95 (81) 78 (85) 42 b No subcategories were specified in Other.
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health care employee status (odds ratio [OR], 2.46; 95% Cl, 1.30-4.65; P = .006) and male sex (OR,
1.87; 95% Cl, 1.01-3.45; P = .05) were associated with greater awareness, whereas older age was
associated with less awareness (OR, 0.78; 95% Cl, 0.64-1.00; P = .05) (Figure 3). These overall
results were similar in sensitivity analyses conducted for individuals whose seroconversion was
defined using more conservative IgG-N thresholds (eTables 5 and 6 in the Supplement). Across all
analyses in this study, comorbidities were not consistently significantly associated with infection
awareness.

Figure 1. Awareness of SARS-CoV-2 Omicron Variant Infection

[ Awareness [l Unawareness

Overall awareness

Male sex

Female sex

Hispanic race and ethnicity
Non-Hispanic race and ethnicity
White race and ethnicity
Other race and ethnicity
Obesity

Hypertension

Diabetes

Heart disease

Lung disease

Cancer

Health care employee

0 20 40 60 80 100
Rate of awareness to Omicron variant, %

Of the 210 adults with contemporaneously available self-reported, medical, and
testing data on SARS-CoV-2 infection, only 92 (44%) demonstrated awareness
of any recent Omicron variant infection (Table) and 118 (56%) were unaware of
their infectious status. Rates of awareness were generally similar across
demographic and clinical characteristics.

Figure 2. Unadjusted Logistic Regression Analysis of Association Between Preexisting Characteristics
and Awareness of SARS-CoV-2 Omicron Variant Infection

Unadjusted Favors less | Favors greater
Patient characteristic OR (95% CI) awareness | awareness
Age, per decade 0.80(0.66-0.97) E
Male sex 1.47 (0.83-2.60) ———
Hispanic race and ethnicity 1.87 (0.72-4.85) —
Other race and ethnicity 1.38(0.71-2.65) —
Health care employee 2.47 (1.39-4.38) —
Obesity 1.07 (0.50-2.30) m
Hypertension 0.95(0.50-1.81) —a
Diabetes 1.58(0.47-5.34) —
Coronary disease or heart failure 1.33(0.60-2.96) ——
Asthma or COPD 0.97 (0.48-1.99) —
Cancer 0.78(0.36-1.71) —=
Autoimmune disease 0.55(0.16-1.85) ——
Organ transplant recipient 0.42 (0.04-4.12) »
Total No. of vaccination doses 1.00(0.75-1.34) ——
Received 23 vaccination doses 1.35(0.65-2.80) —

T T T T

0.1

OR (95% CI)

COPD indicates chronic obstructive pulmonary

disease; OR, odds ratio.

Downloaded From: https://jamanetwor k.com/ on 08/21/2022

ﬁ] JAMA Network Open. 2022;5(8):e2227241. doi:10.1001/jamanetworkopen.2022.27241

August 17,2022

6/1


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.27241&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.27241

JAMA Network Open | Infectious Diseases Awareness of Omicron Variant Infection Among Adults With COVID-19 Seropositivity

Discussion

In analyzing a large, longitudinal cohort study of ambulatory adults for whom SARS-CoV-2 serological
assays were performed, we found that, among individuals with Omicron variant infection indicated
by recent seroconversion, most were unaware of their COVID-19 status. Of those who were unaware,
most were asymptomatic, with only 10% reporting symptoms that were attributed to a common cold
or other non-SARS-CoV-2 infection. Lack of awareness of Omicron variant infection, either owing to
the relative absence of symptoms or lack of timely testing, likely had a role in rapid transmission
within the communities in Los Angeles County.

These findings extend the results from previous investigations of asymptomatic and
undiagnosed SARS-CoV-2 infection and are recognized as critical factors in SARS-CoV-2
transmission.” Studies relying predominantly on COVID-19 testing data have estimated that 25% to
48% of community cases are asymptomatic, with proportions of up to 73% and 81% reported in
highly exposed populations.'-?' Studies of seroprevalence data have estimated even higher
proportions, with undiagnosed infections, with or without symptoms, making up at least 50% and up
to 83% of all SARS-CoV-2 infections occurring in the general population within the first 6 months of
the COVID-19 pandemic.?223

Because most previous studies were conducted earlier in the pandemic, considerably less is
known about the Omicron variant specifically. One study of adults in South Africa found high rates of
asymptomatic carriage of the Omicron variant, with an approximate 23% prevalence; furthermore,
in the first week after a positive PCR result, 60% of participants were asymptomatic.® In a similar
population, only 2% of those infected with pre-Omicron variants were found to be asymptomatic,
suggesting a higher rate of asymptomatic infection for the Omicron variant in this population.®

The current study is a detailed assessment of Omicron variant infection awareness, which, to
our knowledge, has not previously been characterized in a diverse and populous urban region in the
US. By examining timing-based evidence of seroconversion, answers to a comprehensive symptoms
survey, and active surveillance data, we found a relatively high level of unawareness of Omicron
variant infection, which we recognize depends on both symptoms and variations in the use of
diagnostic testing. The overall concordance of the results with reported rates of undiagnosed
COVID-19 from pre-Omicron variants may be attributed to similarly high proportions of
asymptomatic cases; although general access to testing resources have improved over time, the
Omicron variant has also been associated with less severe illness compared with previous
variants.242° |n the present study, a 10th of the individuals who recently contracted Omicron variant
infection but were unaware of this status reported interval symptoms but attributed them to a
non-COVID-19 source. We found that participants who worked for Cedars-Sinai Medical Center were
more likely to be aware of their recent Omicron variant infection than nonemployees. This finding
may be explained not only by the differences in general health awareness and literacy between

Figure 3. Multivariable-Adjusted Logistic Regression Analysis of Association Between Preexisting
Characteristics and Awareness of SARS-CoV-2 Omicron Variant Infection

Multivariable-adjusted Favors less @ Favors greater
Patient characteristic OR (95% CI) awareness : awareness
Age, per decade 0.78 (0.64-1.00) B =
Male sex 1.87(1.01-3.45) —
Health care employee 2.46 (1.30-4.65) —a—
Coronary disease or heart failure 2.39(0.98-5.85) s

i T T T
0.01 0.1 1 10

OR (95% CI)

All variables were considered as candidate variables, and P = .10 was the criterion for model entry or exit in the stepwise
selection. OR indicates odds ratio.
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employees and nonemployees but also by the mandatory daily screening protocols for employees
that are supported by COVID-19 sick pay policies, which were broadened at the institution during the
Omicron variant surge. We also observed that younger and male individuals were more likely to be
more aware of recent Omicron variant infection.

If these results are found to be generalizable, they could be associated with the tendency of
certain individuals to develop a greater symptomatic response or more severe forms of Omicron
variant infection.?”-2® The extent to which self-reported awareness of Omicron variant or symptoms
of infection appeared lower in older participants could be associated with worse recall in survey
assessments.

Limitations

This study has several limitations. The ability to detect seroconversion may have been limited by the
technical sensitivity of the assay used and by the potential delay or attenuation of IgG-N antibody
response in individuals who were immunocompromised or received mRNA vaccination.2%3° Thus,
the established criterion for seroconversion used in this analysis may have underestimated the true
prevalence of seroconversion during the study period. The modest sample size had limited statistical
power to detect multiple factors associated with Omicron variant infection awareness; larger studies
could identify additional potentially important factors. We attributed seroconversion during the
regional Omicron variant surge to the Omicron variant or its subvariants, although we were unable to
confirm the actual strain of the virus through sequencing. In addition, seroconversion events could
not be uniformly verified by concurrent or contemporary PCR testing in every case. Seventy-three
percent of participants with awareness of their Omicron variant infection had positive PCR results
that were contemporaneously captured in the EHR, self-reported, or both. The serology assays we
used have demonstrated overall high specificity,'® and our analyses of awareness of infection,
defined using different IgG-N thresholds, yielded consistent results.

Alimitation encountered in similar previous studies??'is that the specific timing of SARS-CoV-2
infection compared with reported symptoms could not be directly verified. Because the data
collection for repeated serological assays and infection surveillance was more complete than the data
collection for repeated health update surveys (eTable 1in the Supplement), we focused the current
study on awareness of infection rather than on presence or absence of symptoms. Future studies
with more complete serial collection of symptoms data are needed to elucidate the extent to which
seroconversion events are asymptomatic or symptomatic. Given that most participants received
mRNA vaccines, additional studies are needed to examine whether findings would be similar in
populations who received predominantly non-mRNA vaccines. The study was conducted among
employees and patients at a single health system in Los Angeles County; thus, additional studies are
needed to assess the generalizability of the study results.

Conclusions

The study findings demonstrate how serological assessments can complement household* and
wastewater>2 surveillance programs to understand patterns of susceptibility to emerging SARS-
CoV-2 variants. This cohort study revealed that, of the individuals with evidence of seroconversion
during the Omicron variant surge in Los Angeles County, most were unaware of their infectious
status, a factor that has likely played a role in the surge.3 Given that unawareness of active infection
precludes self-initiated interventions, such as testing and self-isolation, even modest levels of
undiagnosed infection can contribute to substantial population-level transmission.>* The greater
availability and use of rapid antigen testing could be associated with augmented awareness and, in
turn, reduced rates of person-to-person transmission of the Omicron variant. Further studies are
needed to more completely understand the factors associated with unawareness of infectious status,
particularly factors that could be mitigated by available interventions.
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