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The COVID-19 Symptom to Isolation Cascade in a Latinx
Community: A Call to Action
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Background. Rapid coronavirus disease 2019 (COVID-19) diagnosis and isolation of infectious persons are critical to stopping
forward transmission, and the care cascade framework can identify gaps in the COVID-19 response.

Methods. We described a COVID-19 symptom to isolation cascade and barriers among symptomatic persons who tested poly-
merase chain reaction positive for severe acute respiratory disease coronavirus 2 (SARS-CoV-2) at a low-barrier testing site serving
alow-income Latinx community in San Francisco. Steps in the cascade are defined as days from symptom onset to test, test to result,
and result to counseling on self-isolation. We examined SARS-CoV-2 cycle threshold (Ct) values to assess the likelihood of infec-
tiousness on the day of testing and during missed isolation days.

Results. Among 145 persons, 97% were Latinx and 81% had an income of <$50 000. The median time from symptom onset to
isolation (interquartile range [IQR]) was 7 (5-10) days, leaving a median (IQR) of 3 (0-6) days of isolation. Eighty-three percent
had moderate to high levels of virus (Ct <33), but by disclosure 23% were out of their isolation period. The longest intervals were
symptom onset to test (median [IQR], 4 [2-9] days) and test to results notification (median [IQR], 3 [2-4] days). Access to a test site
was the most common barrier to testing, and food and income loss was the most common barrier to isolation.

Conclusions. Over half of the 10-day isolation period passed by the time of disclosure, and over a fifth of people were likely out-
side the window of infectiousness by the time they received results. Improvements in test access and turnaround time, plus support

for isolation, are needed for epidemic control of SARS-CoV-2 in highly impacted communities.
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Severe acute respitatory syndrome coronavirus 2 (SARS-
Co-V-2) is disproportionately impacting communities of
color in the United States [1-5]; in California the highest
number of cases and deaths are in the Latinx population [6].
A nationwide survey revealed longer testing turnaround times
for Latinx and Black persons compared with White persons,
and this delay can decrease the efficacy of containment strat-
egies in these populations [7]. For the Latinx population and
other communities of color, there are long-standing structural
barriers to care access and systemic inequities and racism that
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can increase the time from symptom onset to effective isola-
tion [3].

Reducing SARS-CoV-2 transmission relies on prompt iso-
lation of people during a period of infectiousness—typically a
short 10-day window from symptom onset for symptomatic im-
munocompetent individuals [8-10]. To effectively reduce trans-
mission, individuals with coronavirus disease 2019 (COVID-19)
must have rapid access to testing, get results quickly, and have
the capacity to isolate effectively. Modeling studies emphasize
the importance of effective isolation for those persons identified
as at risk of or diagnosed with COVID-19 [11].

The care cascade framework is a powerful tool for under-
standing key barriers to effective epidemic control and is used
widely for other infectious diseases such as HIV and tubercu-
losis [12, 13]. For COVID-19, effective isolation starts with ac-
cessible testing, but few studies to date have quantified the gaps
and delays to obtain COVID-19 testing from symptoms to ef-
fective isolation in socio-economically vulnerable populations.
Our overall aims were to expose the challenges of a symptom
to isolation cascade and to identify actionable steps to improve
the overall effectiveness of testing in a predominantly Latinx
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population participating in community testing. A central goal
of testing is to isolate people during their infectious period in
order to reduce forward transmission. As such, a secondary ob-
jective of this study was to use SARS-CoV-2 polymerase chain
reaction (PCR) cycle threshold (Ct) values, a proxy for infec-
tiousness, to assess whether testing and isolation recommenda-
tions reach this population during the time they are infectious.

METHODS

Study Setting and Testing Campaign

From July 29 to August 7, 2020, we offered twice-weekly out-
door walk-up testing at the 24th and Mission Bay Area Rapid
Transit (BART) station in the Mission District of San Francisco,
California. Testing dates coincided with a second wave of
COVID-19 cases in San Francisco [14]. To date, the Mission
District has the highest number of COVID-19 cases within
San Francisco neighborhoods [14], and in 2018 Latinx resi-
dents comprised 58% of the population of the census tract sur-
rounding the transport hub [15]. Before the transit hub pop-up
testing, low-barrier community-based testing was only avail-
able 1 day a week in the Mission District.

Study planning and mobilization was done in partnership
with the Latino Task Force-COVID-19, a collaborative of
local Latinx community-based organizations and leaders. The
community-led team advertised testing to local businesses and
gave fast track tickets to local frontline essential workers, which
allowed ticket holders to bypass the testing line. Walk-up testing
was provided at no cost, regardless of symptoms or insurance.
After providing informed consent, we conducted a brief survey
on testing history, symptoms, employment, and transporta-
tion use before and during the COVID-19 pandemic. After
the survey, medical staff performed anterior nares nasal swab
for quantitative reverse transcription PCR (RT-PCR). All par-
ticipants received post-test guidance on the day of testing on
how to quarantine while awaiting test results if they were ex-
periencing symptoms or had a recent exposure to someone with
COVID-19.

Results Disclosure and Care of Participants With COVID-19

A bilingual team disclosed positive results over the telephone.
During the disclosure calls, they performed a clinical assess-
ment, confirmed the date of symptom onset, and provided
guidance on self-isolation and quarantine per guidelines [16,
17]. Symptomatic patients with a positive PCR were advised
to end their period of isolation 10 days after symptom onset if
their fever had resolved for at least 24 hours and if their symp-
toms had improved. If the date of symptom onset was >14 days
before the time of assessment, then participants were advised to
isolate from the date of the test. Using our previously described
“Test to Community Care Model,” a community health worker—
led team provided regular check-in calls, delivered food and

cleaning supplies, and assisted participants in linking to pri-
mary care [18].

Laboratory Assays

Swabs were collected in DNA/RNA Shield (Zymo Research)
to inactivate the virus and preserve RNA stability. RT-PCR of
viral N and E genes and human RNAse P gene was performed
on extracted RNA at a Clinical Laboratory Improvement
Amendments (CLIA)-certified laboratory operated by UCSF
and the Chan Zuckerberg Biohub using a laboratory-developed
test with a limit of detection of 100 viral genome copies/mL
[19]. Assay results returned were qualitative, but Ct values were
recorded for both genes for research purposes.

Study Definitions, Outcomes, and Statistical Analyses

COVID-19 Symptom to Isolation Cascade Among a Predominantly
Low-Income Latinx Community

This analysis included people with a PCR positive for SARS-
CoV-2 who were symptomatic. Symptomatic persons were de-
fined as (a) reporting COVID-19 symptoms [20] at the time of
testing or (b) reporting symptoms within 30 days before testing
or (c) reporting symptoms between testing and result disclosure
(presymptomatic at the time of testing). We excluded asympto-
matic persons and all persons with a known prior positive PCR,
as the onset of infection course could not be accurately defined
by testing alone. We calculated descriptive statistics for each
step across the symptom to isolation cascade.

We defined steps in the cascade as number of days from
symptom onset to obtaining a test for COVID-19 (Gap: Testing
Access), test to receiving the result (Gap: Test turnaround time),
and positive results to verbal disclosure of results and coun-
seling on self-isolation (Gap: Notification Time). We calculated
the number of days of isolation missed, which we defined as
the days of the infectious period minus the number of isolation
days recommended at the time of the disclosure. At the time of
disclosure, we asked a random sample of persons with a pos-
itive PCR and an interval of >3 days between symptom onset
and testing about barriers they experienced to obtaining testing

earlier.

Assessment of Adherence to Isolation and Quarantine

There are no validated surveys to assess adherence to isolation
and quarantine, so we explored 2 different methods. The first
was 3-day self-reported adherence to isolation: “Over the last
3 days, how many times did you leave the house to go to buy
food, to run errands, to go to work, to go to school, to go to a
doctor’s visit, or other?” Nonadherence was defined as leaving
the house for any reason aside from seeing a health care provider.
We administered this questionnaire to all people who were still
in their period of self-isolation during 3 predefined interview
days. Our second method was through a direct assessment by
random home visit and calls by the community health worker
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(CHW) team. A person met our definition of nonadherence to
self-isolation if they failed to answer the phone or door while
the CHW was outside (after 3 attempts) for a home delivery or
if work, transport, or street noise was noted while talking on the
phone. Random home visits and calls were made to a randomly
selected subsample of 13 households.

Cycle Thresholds at Testing and Relationship With Days Since
Symptom Onset and Recommended Isolation Times

We used RT-PCR as a proxy for infectiousness and conserva-
tively defined Ct <24 as a high viral load (infectious), Ct be-
tween 24-33 as a moderate viral load, and Ct >33 as a low viral
load (low probability of being infectious). These strata are based
on data from the CDC’s finding of 33 as a cutoff for replication-
competent virus [21], as well as studies correlating Ct and
probability of culturing the SARS-CoV-2 virus [10, 22]. In our
RT-PCR assay, a Ct of 33 corresponds to 2.6 X10° viral RNA
copies. We calculated the mean and median days of isolation
by Ct strata.

RESULTS

Overall, 2622 persons were tested by SARS-CoV-2 RT-PCR. Of
those who were tested, 1937 (74%) were Latinx, 1677 (64%) were
between the ages of 18 and 50, and 1491 (69%) were testing for
the first time. Among testers, 243 (9%) tested PCR positive and
212 people (8%) were newly positive. Of the 243 people with a
positive PCR, 240 (99%) retrieved their results via text message
or email and 191 (79%) were reached by phone. Demographics
for people with a positive PCR are in Table 1. A total of 145 par-
ticipants met our definitions of symptomatic and were included
in the cascade analysis (Figure 1).

COVID-19 Symptom to Isolation Care Cascade

Symptom to Test

Days from symptom onset to test date ranged from -4 days
(negative value used for symptoms that developed after testing)
to 33 days, with a median time (IQR) of 4 (2-9) days (Table
2). Among the 36 people who completed the questionnaire
on testing delays, reasons for not testing earlier included not
feeling sick enough to get a test (31%), being unable to get an
appointment (25%) or not knowing where or how to make an
appointment (14%), not having insurance or a doctor (14%),
results not returning fast enough to be useful (8%), and testing
sites being too far (3%).

Test to Results Notification

The median time from sample collection to verbal results no-
tification (IQR) was 3 (2-4) days, with times ranging from 1
to 9 days. The median time from the time the results were fi-
nalized by the lab to reaching the participant on the phone was
0.8 days, with times ranging from 0 to 9 days.

Table 1. Demographics of 145 Participants With Symptoms Compatible
With COVID-19 and PCR Positive for SARS-CoV-2

No. (%)
Gender/sex at birth
Male 84 (58)
Female 59 (41)
Nonbinary 2(1)
Race/ethnicity
Latinx 141 (97)
Black/African American 2 (1.3)
Asian 3(2.1)
White 2 (1.3)
Pacific Islander 0(0)
American Indian 1(0.7)
Underlying medical condition
Diabetes mellitus 16 (11)
Hypertension 15 (10)
Lung disease 3(2)
Malignancy 2(1)
Symptoms of COVID-19
Fever 87 (60)
Cough 74 (51)
Myalgias 73 (50)
Severe fatigue 56 (38)
Trouble breathing 21(14)
Diarrhea 27 (18)
Loss of smell 61(42)
Loss of taste 58 (40)
Headaches 35 (24)
Sore throat 15 (10)

Congestion 10 (7)
Prior exposure to someone with COVID-19 before testing 73 (50)

Abbreviations: COVID-19, coronavirus disease 2019; PCR, polymerase chain reaction;
SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

Overall Time From Symptom Onset to Isolation

The median time from symptom onset to verbal results noti-
fication and isolation (IQR) was 7 (5-13) days, and 38 of 145
(26%) people had 0 of 10 days left of isolation by the time they
were notified (Figure 2).

Adherence to Isolation and Quarantine

One hundred seven people were eligible for the survey on bar-
riers to isolation, and of these, 63 (59%) participants reported
at least 1 barrier to successfully self-isolating. Barriers included
loss of income (92%), insufficient food access (88%), insuffi-
cient space to isolate (35%), caregiving needs (27%), and mental
health (8%). Among the 32 persons called for the 3-day self-
reported adherence to isolation survey, 29 (91%) met the defi-
nition of self-reported adherence to self-isolation. One person
left his or her house to move their car, another left to attend an
appointment with their lawyer, and the last left isolation to get
food. We also conducted “random checks” for 7 participants,
and 4 (57%) met the criteria for adhering to self-isolation. Three
did not meet the criteria due to environmental cues—transport,
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243 positive
results
31 prior positives
excluded
212 new
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21 not reached by phone
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Figure 1.  Study participant diagram and inclusion to COVID-19 symptom to iso-
lation cascade. “Unable to provide an end date for isolation given ongoing fever.
Abbreviation: COVID-19, coronavirus disease 2019.

street, or work noises noted during the time of the call, or the
individual was noted by the community health worker to not
be at home.

SARS-CoV-2 PCR Cycle Thresholds and Recommended Isolation

After disclosures were completed, we compared Ct values with
days of symptom onset and the number of days of isolation re-
commended at disclosure (Figure 3). The geometric mean + SD
of cycle threshold was 24 + 10 among presymptomatic patients,
23 + 7 for patients who were tested within 14 days of symptoms,
and 33 + 4 for people tested >14 days from symptoms. Overall,
74 (52%) people had a Ct <24, 47 (32%) had a Ct of 24-33, and
24 (17%) had a Ct >33, and the median number of days of iso-
lation did not differ across strata (P = .48): 4 (2-5), 3 (0-6), and

Table 2. Duration in Days for Each Step of the Symptom to Isolation
Cascade

Metric Average (SD)  Median (IQR) Range

Days from symptom onset 6.3 (6.4) 4 (2-9) -4 to 33
to test

Days from test performed 2.5(1.4) 2 (2-3) 11010
to result

Days from test result 0.8 (1.1) 1(0-1) 0to9
finalized to verbal
disclosure

Days of isolation days 3.7 (2.8) 4 (0-6) 0to 10
recommended

Days of missed isolation 74 (2.6) 7 (5-10) 0to 10

Abbreviation: IQR, interquartile range.

4 (0-8) days, respectively. Among those with high to moderate
viral loads (Ct <33), 81% received <3 days of isolation and 23%
received 0 days of isolation. Forty-five percent (14/31) of people
presenting >10 days after symptom onset had a cycle threshold
of >33, but 6 of these participants received 7-10 days of isola-
tion. Among people reporting symptom onset >14 days before
their test, 6 of 7 had a Ct >33, but 1 had a Ct of 21.6.

DISCUSSION

The effectiveness of a COVID-19 testing program in
decreasing forward transmission depends on the speed with
which it can both identify infectious individuals and provide
counseling and support for adherence to self-isolation. Yet,
in this cross-sectional analysis of low-income Latinx persons
testing at a low-barrier COVID-19 pop-up testing site, we found
long delays across the symptom to isolation cascade. By the
time participants received counseling on isolation and quaran-
tine, a median of only 3 days of isolation remained and a quarter
of people were already outside the 10-day window of isolation.
Likewise, of the people with Ct values <33 (moderate to high
levels of virus), over one-fifth had already completed their
10-day period of isolation. Interventions to improve testing
access, reduce test turnaround time, and provide language-
concordant education about when to seek testing are urgently
needed to improve this cascade, especially among Latinx com-
munities and communities of color in the United States.

Our data highlight a long lag between symptom onset
and testing—a median time of 4 days and up to 33 days.
Participants cited lack of access to testing (testing site too
far, unable to get an appointment, or perception that insur-
ance was needed) as a common reason for not testing earlier.
Regular access to low-barrier testing sites that are open 7 days
a week, have a walk-up option, and are conveniently located
within the communities most affected may shrink the time
between symptom onset and testing among socio-economic-
ally vulnerable populations, and we have previously shown the
effectiveness of low-barrier testing in reaching low-income
Latinx communities [1]. Additionally, language and culturally
concordant messaging on how and when to access COVID-
19 testing, spearheaded by trusted community health workers,
can help vulnerable populations navigate complex care sys-
tems and address testing barriers related to medical mistrust,
immigration, and language that Latinx and other communi-
ties of color face [23-25].

Reducing testing turnaround around time to effective isola-
tion can have a large impact on reducing forward transmission
[11, 26]. Even with perfect contact tracing, a modeling study by
Kretzchmar et al. [27] suggested that a test turnaround time of
more than 3 days will be insufficient to reduce the reproductive
number to <1 without other control measures. In the present
study, the average time from test to result was 2 days. While this
is faster than the 4-day turnaround time reported in a national
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Symptoms to test
median 4 days (IQR 2-9)

Symptoms to positive result
median 7 days (IQR 4-12)

Symptoms to result disclosure-isolation
median 7 days (IQR 5-1

Q)

J)

Median potential days of isolation missed: median 7 (IQR 5-10) Days effectively isolated

Symptom End of
onset isolation
(days) I I l I ' I I I I I I period

0 1 2 3 4 5 6 7 8 9 10

Target isolation period: 10 days After developing symptoms (or positive test if presymptomatic)

Figure 2.  This schematic of the COVID-19 symptom to isolation cascade describes the steps and time between symptom onset and effective isolation among 145 persons
testing positive for SARS-CoV-2 at a low-barrier testing campaign at a transport hub. The longest delays were noted in participants presenting for testing (median [IQR], 4
[2-9] days) and test turnaround time (median [IQR], 3 [2—4] days), resulting in a total duration of time from symptom onset to effective isolation (IQR) of 7 (5-13) days. The

target recommended time for self-isolation is 10 days from symptom onset. Abbreviations: COVID-19, coronavirus disease 2019; IQR, interquartile range; SARS-CoV-2, severe
acute respiratory syndrome coronavirus 2.

survey in July [7], there is room to improve, and ideally results capacity to ensure PCR test turnaround. We previously dem-
would return immediately with the patient still on site, orata  onstrated accuracy of rapid antigen tests in a small low-barrier
maximum of 24 hours. Improvements in test turnaround can testing campaign [28], but larger studies are needed to measure
be achieved with rapid antigen testing or increasing laboratory ~ the accuracy and impact on symptom to isolation cascade for

Ciycle thresholds of symptomatic participants
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Figure 3. Relationship between SARS-CoV-2 cycle thresholds, days from symptom onset (negative days indicate that symptoms began after testing), and number of days of
isolation recommended among 145 persons diagnosed with COVID-19 at a low-barrier testing campaign. Days since symptom onset were assessed at the time of disclosure

and the days of isolation were based on day of symptom onset and the day of disclosure. Abbreviations: COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute
respiratory syndrome coronavirus 2.
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symptomatic and asymptomatic people being tested in low-
barrier community-based testing sites.
The financial

adhering to self-isolation are high [30, 31], and among

and psychological ramifications of
socio-economically vulnerable populations these costs are
further amplified by insufficient social protections. In this
study, >85% of persons with a positive SARS-CoV-2 PCR
test with SARS-CoV-2 had a household income <$50 000 per
year, and only one-fifth of people working reported having
sick leave. Three-quarters of respondents reported not being
able to isolate safely without additional support, and access
to food and income were among the most common chal-
lenges to maintaining isolation. To our knowledge, there
are no studies that measure adherence to self-isolation for
COVID-19, but existing data from the SARS and HIN1 out-
breaks highlight the importance of having a clear rationale
for isolation, such as a positive test, backstopped by sufficient
food support and access to financial assistance if needed [31].
In a study of household members of persons with HIN1, the
most common reason for not adhering to quarantine was
needing to go to work [32]. Consistent with these findings,
our data support the importance of timely access to social
and financial support as a key determinant of isolation and
quarantine adherence. Examples of such support structures
include our community-led Test to Community Care model
[18] or wage replacement programs such as San Francisco’s
Right to Recover program [33]. Inability to safely social
distance at home was common, and having access to hotel
rooms provided by the City of San Francisco [34] was fun-
damental to supporting adherence to isolation among people
living in crowded or multigenerational households.
Measuring adherence to isolation and quarantine was chal-
lenging given the potential for social desirability bias during
self-reported surveys and privacy concerns with tracking via
mobile applications. Here, we piloted 2 metrics for adherence
to self-isolation. As expected, adherence by self-report was
higher than random home visits. We acknowledge limitations
in our random home visits, as people may not have answered
their doors or phones if they were asleep or did not recognize
the phone number, and it may be challenging to differentiate
whether one is hearing street noise because the person is out-
side or if they are inside but live on a busy street. Validation of
these metrics and qualitative studies on isolation are needed,
as mobility tracking devices that objectively measure isolation
may be met with mistrust, especially in communities of color.
The prescribed period of isolation depends on self-reported
symptom onset. Our examination of cycle thresholds of symp-
tomatic participants highlights missed opportunities for isola-
tion and identifies scenarios where consideration of the cycle
threshold, as a proxy for viral load, may aid in guidance on iso-
lation and quarantine. In this study, 53% of people presenting
after 14 days of symptoms yielded high cycle thresholds >33

(<1e4 viral genomes), suggesting a lower probability of being
infectious [10, 22]. However, despite measuring high cycle
thresholds, 57% of these individuals were required to isolate
7-10days, as their symptoms were outside of the 14-day window.
Aside from in vitro cell culture viral recovery experiments,
which themselves are imperfect proxies for human infection, it
is difficult to measure the relationship between viral load and
probability of infectiousness in a given individual. Nevertheless,
isolating people with very low probabilities of being infectious
can have negative financial and psychological ramifications—
especially for vulnerable populations who cannot work from
home and who have job insecurity. Conversely, 3 people in this
study with a symptom onset of >14 days after the disclosure call
had a cycle threshold of <22 but were not advised to isolate,
based on symptoms and the fact that they were beyond of the
10-day isolation window. Though these cases were rare, these
findings suggest potential underisolation. It may be the case that
lower cycle threshold values could be used to advise longer iso-
lation times as part of the disclosure. In this way, cycle thresh-
olds may be helpful in determining the amount of isolation days
for people who receive results >10 days after symptom onset,
thus reducing the possibility of both over- and underisolation.

These findings must be interpreted in the context of the
study design. The data are from a cross-sectional convenience
sample of persons testing at 1 “pop-up” low-barrier testing
site. Though this design limits generalizability, the characteris-
tics of the sample are also a strength, as the sample was drawn
from a testing site that tested a majority Latinx population of
>2600 people, and to our knowledge, there are no other cas-
cades focusing specifically on a socio-economically vulnerable
Latinx population. Other limitations include the following: (1)
the sample size of our exploratory assessment of adherence
to self-isolation is small and was meant as a proof-of-concept
study to pilot the use of 2 different metrics, and validation with
larger studies is needed; and (2) we assessed symptoms at the
time of testing and results disclosure, so we may have missed
presymptomatic persons who developed symptoms after dis-
closure. Lastly, it is important to note that we make the as-
sumption that people did not quarantine until they received a
positive result. It is possible that some people were quarantining
while awaiting their results, but we think this is unlikely as prior
studies highlight the importance of a test result for adherence
to isolation [30, 31]. There are significant financial costs of
self-isolation among this population, and a large proportion of
people diagnosed with COVID-19 in this study could not iso-
late safely at home due to household crowding.

Our symptom to isolation cascade analysis among low-
income Latinx persons highlights testing access and test turn-
around time as high-impact areas to reduce the time from
symptoms to effective isolation. Improving testing access and
turnaround time will be futile without adherence to isolation.
The majority of people in this study needed additional support
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to isolate from provision of food to referrals to the city’s isola-
tion and quarantine hotels, and addressing these needs is par-
amount. COVID-19 is disproportionately affecting the Latinx
and Black persons in the United States, and a focus on short-
ening the symptom to effective isolation cascade is crucial to
ensuring equity and effectiveness of public health interventions
to reduce SARS-CoV-2 transmission.
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