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Background: Given the known disparities in COVID-19 within the
Hispanic/Latinx community, we sought to examine the interaction
between individual-level and neighborhood-level social determinants
of health using linked electronic health record data.

Methods: We examined electronic health record data linked to
neighborhood data among Hispanic/Latinx patients tested for COV-
ID-19 between March 1, 2020, and February 28, 2021, from 2 large
health care systems in San Francisco. Hispanic/Latinx ethnic enclave
is measured using an index of census-tract level indicators of eth-
nicity, nativity, and language. Multilevel logistic regression models
examined associations between ethnic enclave and COVID-19
positivity (COVID-19+), adjusting for patient-level sociodemo-
graphic and clinical characteristics and health system. Cross-level
interactions were used to test whether associations between ethnic
enclave and COVID-19+ differed by patient language preference.

Results: Among 26,871 patients, mean age was 37 years, 56% had
Spanish-language preference, and 21% were COVID-19+. In un-
adjusted models, patients living in the highest versus lowest His-
panic/Latinx enclave had 3.2 higher odds of COVID-19+ (95% CI,
2.45–4.24). Adjusted, the relationship between ethnic enclave and
COVID-19+ was attenuated, but not eliminated (odds ratio: 1.4; 95%
CI, 1.13–1.17). Our results demonstrated a significant cross-level
interaction, such that the influence of ethnic enclave was modified by
patient language preference. For individuals with Spanish-language

preference, risk of COVID-19+ was high regardless of neighborhood
context, whereas for those with English preference, neighborhood
ethnic enclave more than doubled the odds of infection.

Conclusions: Findings suggest that a multilevel and intersectional
approach to the study of COVID-19 inequities may illuminate
dimensions of health inequity that affect marginalized commun-
ities and offer insights for targeted clinical and community-based
interventions.
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I t is well established that COVID-19 disproportionately im-
pacted racial and ethnic communities in the United States,

particularly among Hispanic/Latinx populations. Hispanic/
Latinx individuals comprised a third of cumulative COVID-19
cases in the early stages of the pandemic despite representing
only 18% of the total US population;1 moreover, they were
1.3–7.7 times more likely to be hospitalized and 2 times
more likely to die from COVID-19 compared with their
non-Hispanic/Latinx White counterparts.1,2

The COVID-19 pandemic highlighted the underlying
structural inequities that have disadvantaged racial and ethnic
communities across the United States long before the
pandemic.2–4 Investigations of racial and ethnic inequities
suggest a variety of individual-level factors associated with
increased susceptibility to the virus including comorbidities,
fewer socioeconomic resources, poorer health care access,
and immigration status (linked to public benefit access),
which are more prevalent in Hispanic/Latinx communities.3,5

At the same time, higher rates of limited English proficiency
among the Hispanic/Latinx population may contribute to
COVID-19 inequities by way of reduced access to timely and
high-quality public health information about disease trans-
mission, symptoms, and testing, as well as lower receipt of
adequate COVID-19–related care and treatment.6–8 In addi-
tion to differing susceptibility to COVID-19 across in-
dividual-level factors, unequal distribution of COVID-19
cases in predominantly Hispanic/Latinx geographic areas has
been documented.9,10
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Many Hispanic/Latinx individuals live in ethnic
enclaves, or ethnically and culturally distinct geographic
areas that have a large share of recent immigrants and ethnic
entrepreneurship. Hispanic/Latinx neighborhoods may con-
tribute to racial inequities in COVID-19 because they often
have more essential workers, household crowding, and con-
centrated poverty, which may influence residents’ exposure to
COVID-19.11–13 On the other hand, living in an ethnic en-
clave may provide immigrants economic resources and social
connections not easily found outside of the immigrant
network14 and may contribute to better health outcomes.15

Previous studies have analyzed ethnic composition (percent-
age of Hispanic residents) and residential segregation (degree
to which Hispanic residents are geographically separate from
White residents) and are conducted at either the zip or county-
level, larger aggregate units that may not reflect neighborhood
contexts as accurately as census tracts. Ethnic enclave is a
composite representation of ethnic neighborhoods, and to our
knowledge, no study thus far has studied its impact on
COVID-19 inequities.

Although prior studies have explored the contribution
of either individual-level or neighborhood-level factors in
racial and ethnic COVID-19 inequities, multilevel studies
remain scarce.16,17 There is growing consensus in health in-
equities research that an intersectional approach is needed to
better understand the synergistic interaction between multiple
and multilevel social determinants.18 Given the predominant
role of place in both the spread of COVID-19 and public
health mitigation strategies, understanding COVID-19 risk
among vulnerable communities requires attention to the
interaction between people and the places they live.

This study therefore investigated the role of place,
specifically Hispanic/Latinx ethnic enclave, in association
with COVID-19 positivity (COVID-19+) among Hispanic/
Latinx patients living in San Francisco (SF). We hypothesized
that among Hispanic/Latinx individuals who are at high risk of
COVID-19 infection, neighborhood context matters, and the
degree may vary depending on individual characteristics,
specifically patient language. We used multilevel analyses to
evaluate the association between Hispanic/Latinx enclave
status and COVID-19 infection and investigate cross-level
interactions between patient language preference and neigh-
borhood ethnic enclave to identify subgroups that may benefit
from targeted interventions. Our study used data derived from
electronic health records (EHR), which routinely capture
comprehensive patient data including health outcomes and
residential address, which, when geocoded and linked to small
area-level neighborhood data, can be useful in identifying and
quantifying place-based inequities.

METHODS

Data Source and Study Population
We conducted an EHR-based cross-sectional study with

patients from 2 large integrated health care systems, each
serving different subgroups of the SF population. UCSF
Health is a university-affiliated health system serving a mix of
privately and publicly insured patients, and San Francisco
Heath Network (SFHN) is a county-administered health

system serving primarily publicly insured (Medicaid) and
uninsured patients.19 The health care and public health in-
frastructure in SF is likely more advanced with respect to
language accessible services than in other municipalities na-
tionwide, but still face common challenges for non–English-
speaking residents. These include the need for bilingual staff
and robust communication/marketing in multiple languages,
as well as specific barriers in reaching communities that may
have distrust or hesitancy of seeking services (such as un-
documented residents).20–22 Throughout the pandemic,
COVID-19 testing was offered to patients of each health
system at multiple locations throughout the city.

Both UCSF and SFHN have EHR systems that include
administrative and clinical data from all patient encounters,
including laboratory test results. We obtained patient data
including demographics, lab test results, International Clas-
sification of Diseases (ICD) diagnostic codes, and residential
addresses. Patient EHR data including geocoded addresses
from both the health care systems were combined into a
single analytic database and linked to data on Hispanic ethnic
enclave from the California Neighborhoods Data System.23

The University of California, San Francisco Institutional
Review Board approved the study (#17–22277).

Patients were included if they had documented His-
panic/Latinx ethnicity based on self-identification in the EHR,
had a COVID-19 polymerase chain reaction (PCR) diagnostic
test at 1 of the 2 health care systems between March 1, 2020,
and February 28, 2021, and had a residential address in SF
documented in the EHR at the time of the test. The time
period was selected to ensure capture of cases before wide-
spread vaccination access, which influenced both COVID-19
prevalence and inequities24; therefore, vaccine data were not
available for analysis at the time of this study. We excluded
patients who had missing information on sex (5.4%) and
language (0.9%); however, we retained patients with missing
insurance status and included a category for “unknown”
because they constituted a large portion of insurance type
(33%) and may tend to represent uninsured patients.

Patient-level Outcome and Covariates
The study outcome was COVID-19+, defined as having

a positive PCR test result for COVID-19 at either site. ICD
diagnoses of COVID-19 without a positive test were not in-
cluded as such codes were often used to order a laboratory
test for COVID-19 and did not indicate a confirmed diag-
nosis.

Patient characteristics obtained from the EHR included
preferred language, age, sex, marital status, Charlson co-
morbidity index (CCI)25 and insurance at the time of testing.
Preferred language is based on patient self-report, frequently
used in previous studies at each health system.26,27 CCI was
constructed based on ICD-10-CM codes documented in out-
patient clinic visits, inpatient encounters, or the problem list
within the past year.

Neighborhood Exposure Variable
Census-tract level Hispanic ethnic enclave is an

established index developed through principal components
analysis of 7 indicator variables: percentage of residents who
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are linguistically isolated (overall and of those who speak
Spanish), recent immigrants, Hispanic/Latinx composition,
foreign-born composition, and limited English proficiency
(overall and of those who speak Spanish).23 Data were from
2013 to 2017 American Community Survey 5-year estimates
with respect to Census 2010 tract boundaries and categorized
into quintiles based on the distribution of index values across
SF census tracts. Quintile 1 represents neighborhoods with a
low level of Hispanic/Latinx enclave (least ethnically distinct)
and quintile 5 represents neighborhoods with the highest level
of Hispanic/Latinx enclave (most ethnically distinct). Finally,
we also examined neighborhood socioeconomic status
(nSES), a previously validated composite measure at the
census-tract level also derived from ACS data.23

Geocoding and Mapping
Individual patient addresses (most recent documented

address on or before their COVID-19 test) from the EHR
were geocoded to longitude and latitude coordinates. We
merged the geocoded EHR dataset with neighborhood data on
ethnic enclave using 2010 census-tract identifiers. Census
tracts are geographic areas that average 4000 inhabitants and
represent relatively homogenous population characteristics
and are often used as a proxy for neighborhood. Census-tract
level prevalence of COVID-19+ among our study population
was calculated and categorized into quintiles. Choropleth
maps of COVID-19+ prevalence and Hispanic ethnic enclave
levels across census tracts were created and visual and
quantitative comparisons were used to identify geographic
areas where COVID-19+ prevalence and enclave quintiles
were significantly different. We used the Python program-
ming language (Python Software Foundation, https://www.
python.org/), and python package GeoPanda v 0.11.0 for data
analysis and map visualization.

Statistical Analysis
Descriptive analyses were performed to show dis-

tributions of COVID-19+ and patient characteristics across
levels of ethnic enclave; statistically significant differences
were assessed using χ2 and t tests. Multilevel modeling was
used to estimate the impact of both neighborhood and patient-
level factors simultaneously on COVID-19+. Multilevel
logistic regression models were fit with binomial distribution
and logit link function and included a random intercept for
census tract to account for correlated data within census
tracts. Extrabinomial variation was explored systematically in
all models, and we found no evidence of underdispersion or
overdispersion.

Initially, a null (intercept-only) model was fitted to test
whether COVID-19+ varied by census tract.28 The interclass
correlation was 0.10 at the census-tract level suggesting suf-
ficient between-neighborhood variability for further multi-
level analyses. Then, to estimate the association between
neighborhood Hispanic/Latinx enclave and COVID-19+, we
added neighborhood-level variable Hispanic/Latinx ethnic
enclave (using the lowest level as reference category). In the
final model, we added patient-level variables (language
preference, sex, age group, marital status, insurance status,
CCI, and health system) as fixed effects to estimate the effect

of ethnic enclave on COVID-19+ after adjusting for
individual clinical and sociodemographic characteristics. We
report odds ratios, 95% CIs, and P-values for variables of
interest. In a separate sensitivity analysis, we ran the same
adjusted model additionally controlling for nSES at the
census-tract level—to provide context for the ethnic enclave
findings alongside other neighborhood characteristics.

To test whether the strength of associations between
neighborhood ethnic enclave and COVID-19+ varied as a
function of patient language, a cross-level interaction term
was added to the final adjusted model.29 We calculated
stratified odds ratios and CIs by both language and ethnic
enclave from the adjusted multilevel model with interaction.
To better understand the cross-level associations, we plotted
the effect of ethnic enclave on COVID-19+ for English and
Spanish-language preference using predicted probability es-
timates and their confidence limits, with the other covariates
set to their reference values from the adjusted interaction
model.30,31 We used SAS version 9.3 macro GLIMMIX to fit
all descriptive analyses and regression models (SAS
Institute Inc., Cary, NC).32

RESULTS
Table 1 describes characteristics of the 26,871 Hispanic/

Latinx patients who met study inclusion criteria by Hispanic/
Latinx ethnic enclave status. The majority (85%) of patients
were from SFHN and over half (56%) indicated Spanish as
their preferred language. Most patients living in the highest
Hispanic/Latinx enclave (Q5) were SFHN versus UCSF
patients (91% vs. 9%). The proportion of patients with
Spanish-language preference increased from 24% to 65%
across increasing quintiles of Hispanic/Latinx enclave status,
and the proportion of patients with public insurance increased
from 37% to 58% across enclaves. About 21% (n= 5604) of
patients tested positive for COVID-19, and the proportion of
patients with COVID-19+ increased with increasing quintiles
of Hispanic/Latinx ethnic enclave (10%–24%).

Maps of Hispanic/Latinx Enclave and COVID-19+
Prevalence

Figure 1 displays 2 maps of SF, depicting (1) Hispanic
ethnic enclave quintiles and (2) prevalence of COVID-19+
for 193 census tracts. Tracts with higher Hispanic/Latinx
ethnic enclave status also tend to have higher COVID-19+
prevalence. The overlap between COVID-19+ prevalence and
ethnic enclave was primarily concentrated within the
southeast quadrant of SF.

Multilevel Logistic Regression Results
In the unadjusted multilevel regression model, we

found that compared with individuals living in the lowest
level ethnic enclave (Q1), those living in the highest ethnic
enclave quintile (Q5) had 3.22 (CI, 2.45–4.24) times higher
odds of COVID-19+ (Table 2).

The association between Hispanic/Latinx enclave and
COVID-19+ remained statistically significant after adjusting for
language preference and other patient sociodemographic and
clinical variables (Table 2; F4,188 = 9.09, P<0.0001). We found
a similar pattern of increasing odds across higher levels of ethnic
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enclave, though the odds ratios were attenuated at all levels.
Individuals in the highest level of ethnic enclaves had 1.81
(CI,1.43–2.29) times higher odds of COVID-19+ compared
with individuals in the lowest ethnic enclave quintile. In this
adjusted model, individuals with Spanish-language preference
had 2.17 (CI, 2.01–2.33) times higher odds of COVID-19+
compared with individuals with English-language preference. In
our sensitivity analysis examining the impact of nSES on our
findings (Appendix Table 1, Supplemental Digital Content 1,
http://links.lww.com/MLR/C571), we found that the inclusion
of nSES did not alter our study findings and instead potentially
strengthened the associations between ethnic enclave and
COVID-19+.

In the adjusted model examining the cross-level inter-
action between neighborhood-level ethnic enclave and patient-
level language on COVID-19+ (not shown), the interaction was
statistically significant (F4,183=8.70, P<0.0001), suggesting
that the relationship between ethnic enclave and COVID-19+

differed by the language preference of the patient. Table 3
displays stratified odds ratios from the multilevel interaction
model adjusting for patient-level variables. Stratified estimates
by language preference showed statistically significant
increasing odds of COVID-19+ across higher neighborhood
ethnic enclave quintiles for English-language but not Spanish-
language patients. Estimates of the association between
language preference and COVID-19+ stratified by ethnic
enclave level showed a more complex pattern. Although
individuals with Spanish-language preference had greater odds
of COVID-19+ than those with English preference at all levels
of ethnic enclave, the association was strongest for patients in
the lowest ethnic enclave quintile (4.38; CI, 3.00–6.38) and most
attenuated for patients in the highest ethnic enclave quintiles
[2.00 (CI, 1.73–2.31) for Q4; 1.98 (CI, 1.81–2.17) for Q5].

The cross-level interaction plot (Fig. 2) depicts the
pattern of predicted probability of COVID-19+ across ethnic
enclave quintiles (neighborhood level) by language preference

TABLE 1. Characteristics of Patients Tested for COVID-19 From March 1, 2020, to February 28, 2021, by Hispanic Ethnic Enclave
Quintile

Hispanic Ethnic Enclave Quintiles

Characteristics,
No. (%)

Total
(N= 26,871)

Quintile 1
(N= 1424)

Quintile 2
(N= 2469)

Quintile 3
(N= 2049)

Quintile 4
(N= 5697)

Quintile 5
(N= 15,232) P*

COVID-19 positive 5604 (21) 143 (10) 346 (14) 313 (15) 1132 (20) 3670 (24) —

Health system — — — — — — < 0.001
SFHN 22,757 (85) 900 (63) 1707 (69) 1510 (74) 4755 (83) 13,885 (91) —

UCSF 4114 (15) 524 (37) 762 (31) 539 (26) 942 (17) 1347 (9) —

Preferred language — — — — — — < 0.001
English 11,918 (44) 1077 (76) 1643 (67) 1255 (61) 2652 (47) 5291 (35) —

Spanish 14,953 (56) 347 (24) 826 (33) 794 (39) 3045 (53) 9941 (65) —

Age group — — — — — — < 0.001
< 18 4340 (16) 170 (12) 317 (13) 341 (17) 892 (16) 2620 (17) —

18–34 8092 (30) 422 (30) 847 (34) 604 (29) 1675 (29) 4544 (30) —

35–64 12,079 (45) 681 (48) 1069 (43) 886 (43) 2562 (45) 6881 (45) —

65+ 2360 (9) 151 (11) 236 (10) 218 (11) 568 (10) 1187 (8) —

Sex — — — — — — —

Male 13,851 (52) 745 (52) 1277 (52) 965 (47) 2918 (51) 7946 (52) —

Female 13,020 (48) 679 (48) 1192 (48) 1084 (53) 2779 (49) 7286 (48) —

Marital status — — — — — — 0.02
Married/partnered 6461 (24) 377 (26) 585 (24) 493 (24) 1337 (23) 3669 (24) —

Divorced/separated 983 (4) 60 (4) 89 (4) 78 (4) 239 (4) 517 (3) —

Single/widowed 17,173 (64) 890 (63) 1614 (65) 1305 (64) 3647 (64) 9717 (64) —

Other/unknown 2254 (8) 97 (7) 181 (7) 173 (8) 474 (8) 1329 (9) —

Insurance type — — — — — — < 0.001
Private 2656 (10) 398 (28) 521 (21) 328 (16) 549 (10) 860 (6) —

Public 14,652 (55) 521 (37) 1085 (44) 1027 (50) 3218 (56) 8801 (58) —

Other/unknown 702 (3) 51 (4) 85 (3) 66 (3) 151 (3) 349 (2) —

Missing 8861 (33) 454 (32) 778 (32) 628 (31) 1779 (31) 5222 (34) —

Charlson Comorbidity
Index

— — — — — — < 0.001

0 22,390 (83) 1166 (82) 2025 (82) 1707 (83) 4658 (82) 12,834 (84) —

1 2200 (8) 114 (8) 195 (8) 175 (9) 531 (9) 1185 (8) —

2+ 2281 (8) 144 (10) 249 (10) 167 (8) 508 (9) 1213 (8) —

Neighborhood SES
quintile

— — — — — — < 0.001

Q1 (lowest) 9357 (35) 0 287 (12) 226 (11) 1020 (18) 7824 (51) —

Q2 7963 (30) 0 0 160 (8) 2189 (38) 5614 (37) —

Q3 3927 (15) 16 (1) 228 (9) 558 (27) 1331 (23) 1794 (12) —

Q4 3243 (12) 437 (31) 1061 (43) 937 (46) 808 (14) 0 —

Q5 (highest) 2381 (9) 971 (68) 893 (36) 168 (8) 349 (6) 0 —

*P-values compare patient characteristics by COVID-19 status based on χ2 test.
SES indicates socioeconomic status; SFHN, San Francisco Health Network; UCSF, University of California, San Francisco.
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(individual level). The predicted probability is much higher for
patients with Spanish-language preference compared with
English preference across all Hispanic/Latinx ethnic enclave
quintiles. In addition, there are relatively stable probabilities
across enclave levels for those with Spanish-language
preference (0.16–0.19) but increasing probabilities across en-
clave levels for those with English preference (0.04–0.11).

DISCUSSION
Our study took a multilevel, intersectional approach in

the study of place on COVID-19 inequities. We leveraged
EHR data linked to neighborhood data and used multilevel
modeling to estimate neighborhood effects on COVID-19+
independent of individual-level characteristics and evaluated
the relative contribution of neighborhood effects versus in-
dividual factors on COVID-19+. We found that Hispanic/
Latinx ethnic enclave was a statistically significant neigh-
borhood influence on COVID-19+. Patients with Spanish-
language preference had 2- to over 4-fold greater odds of
COVID-19+ compared with those with English-language
preference across ethnic enclave status, and with a significant
cross-level interaction between language preference and
ethnic enclave neighborhood context.

Much of the COVID-19 inequities research thus far has
focused on racial residential segregation for African American
communities, with overall findings consistent with ours
showing a higher risk for adverse COVID-19–related outcomes

with increased racial residential segregation.5,13,33 The social
historical processes that underlie development of Hispanic/
Latinx ethnic enclaves and the mechanisms that link ethnic
enclave with COVID-19 inequities may differ for Hispanic/
Latinx and Black communities, and this needs attention in
future research and practice when considering ethnic enclave
and racial residential segregation.34,35

Although this study aimed to determine the independent
association of neighborhood ethnic enclaves on COVID-19 risk
across SF, previous community-based work has also demon-
strated a need for more attention and explicit evaluation of
effective language-relevant and place-based interventions
moving forward. For example, future research should inves-
tigate further into the role ethnic enclaves may play in structural
determinants of health (such as housing, transportation, and
service access),11,12,33,36 as well as social and individual de-
terminants (such as living arrangements and occupation).37,38

Another key finding of our study was that ethnic
enclaves not only influence overall COVID-19+, but also may
have differential effects on certain residents based on in-
dividual characteristics—specifically language preference.
We observed higher COVID-19+ among patients with
Spanish-language versus English-language preference across
all ethnic enclave quintiles. In contrast, we observed higher
COVID-19+ for patients with English-language preference
across increasing ethnic enclave quintiles. It is plausible that
Spanish-language preference compared with English-language
preference plays a predominant role in COVID-19 risk (eg,

A B

FIGURE 1. Maps of San Francisco depicting Hispanic ethnic enclave quintile (A) and COVID-19 prevalence (B), by
neighborhood.
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inequitable access to Spanish-language COVID-19–related
public health information and health services38), minimizing the
influence of ethnic enclave. Language preference may also
reflect other socioeconomic and acculturation factors linked to
individual disadvantage which, in turn, play a role in COVID-19
risk.39 Future studies could decompose dimensions of inequity
specific to Hispanic/Latinx populations by language, as well as
immigration status or other factors to further elucidate the
contribution of neighborhood factors to the widening of these
inequities.

Moving forward, it is clear that the relationships be-
tween language, ethnic enclave, and COVID-19 are complex,
and disentangling multilevel effects is essential to delivering
optimal community-based interventions, linking public health
and clinical settings.39,40 Targeted approaches that address
underlying structural barriers and social determinants of
health (ie, expanded COVID-19 testing in Latinx neighbor-
hoods, linkages across health and social services sectors) and
engage community partners are needed.4,41

In addition to addressing critical contextual issues of a
community, multilevel interventions would also target
members with the fewest resources and highest levels of
disadvantage who face the greatest COVID-19 risk. For ex-
ample, health systems and public health departments targeting
high ethnic enclave neighborhoods should use public health
messaging and communication strategies including written
materials, outreach workers, and social media that are cul-
turally and linguistically relevant to and meet the informa-
tional requirements of individuals with Spanish-language
preference.21,22,42,43 Our results suggest that a multilevel
approach to identify key populations for targeted inter-
ventions (such as vaccine outreach or future pandemic
response) may increase success to such efforts.22,44,45

Strengths and Limitations
Approaches that use multilevel modeling, as well as

adding interactions can reveal dimensions of health inequity
that may otherwise be obscured using conventional

TABLE 2. Adjusted Associations Between Patient and/or
Neighborhood Factors and COVID-19 Positivity (Odds Ratios),
March 2020 to February 2021†

OR (95% CI)

Variable Unadjusted Model Adjusted Model

Neighborhood factors
Ethnic enclave quintiles (ref: Q1)
Q2 1.42** (1.05, 1.91) 1.28* (0.99, 1.67)
Q3 1.49** (1.08, 2.06) 1.27* (0.97, 1.68)
Q4 2.39*** (1.80, 3.16) 1.61*** (1.26, 2.05)
Q5 (highest) 3.22*** (2.45, 4.24) 1.81*** (1.43, 2.29)

Patient characteristics
Age (ref: 35–64)

< 18 — 1.19*** (1.09, 1.31)
18–34 — 1.02 (0.95, 1.11)
65+ — 0.67*** (0.59, 0.76)

Sex (ref: male)
Female — 0.98 (0.92, 1.04)

Marital Status (ref: single)
Married/partnered — 1.31*** (1.21, 1.42)
Divorced/separated — 0.90 (0.75, 1.09)
Other/unknown — 0.96 (0.86, 1.08)

Preferred language (ref: English)
Spanish — 2.17*** (2.01, 2.33)

Insurance type (ref: Private)
Public — 1.08 (0.92, 1.25)
Other/unknown — 1.22 (0.95, 1.56)
Missing — 0.98 (0.83, 1.14)

Charlson Comorbidity Index (ref: 0)
1 — 0.96 (0.85, 1.08)
2+ — 0.92 (0.81, 1.04)

Health system (ref: UCSF)
SFHN — 2.31*** (2.00, 2.67)

*P< 0.05.
**P< 0.01.
***P< 0.001.
†Results reported in odds ratios obtained from multilevel logistic regression models

clustered on census tract.
OR indicates odds ratio; Q, quintile; SFHN, San Francisco Health Network; UCSF,

University of California, San Francisco.

TABLE 3. Stratified Analyses Showing Odds Ratios and 95% CIs for the Associations Between Patient Language, Neighborhood
Ethnic Enclave, and COVID-19 Positivity, Adjusted for Patient-level Factors and Health System†

OR (95% CI)

Variable English Spanish

Model 1: stratified by language
(ref: Ethnic enclave Q1)
Q2 1.60* (0.97, 2.65) 0.97 (0.59, 1.59) — — —

Q3 1.32 (0.77, 2.28) 1.08 (0.65, 1.79) — — —

Q4 2.34*** (1.47, 3.73) 1.07 (0.68, 1.67) — — —

Q5 (highest) 2.68*** (1.71, 4.20) 1.21 (0.79, 1.87) — — —

Model 2: stratified by ethnic enclave quintiles
Q1 Q2 Q3 Q4 Q5

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Language (ref: English)
Spanish 4.38*** (3.00, 6.38) 2.65*** (2.07, 3.39) 3.57*** (2.73, 4.68) 2.00*** (1.73, 2.32) 1.98*** (1.81, 2.17)

*P< 0.10.
**P< 0.05.
***P< 0.001.
†Models adjust for all patient-level characteristics.
OR indicates odds ratio; Q, quintile.
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methods.18 Our multilevel modeling approach advances the
current ecological literature by evaluating important social
risk information of individuals, such as self-identified race/
ethnicity, language, or comorbidities, and allowing for greater
isolation of neighborhood-level influences from individual-
level ones.46 Our approach can help more accurately identify
and inform multilevel interventions that address underlying
structural and social factors driving pandemic inequities.

Our analyses controlled for health insurance status,
which is a valid proxy for individual SES commonly used in
EHR-based population health studies, given the lack of in-
dividual-level SES data (such as income) collected within
EHRs.47 We also completed sensitivity analyses adjusted for
nSES which confirmed our primary findings. Although it is
plausible that omitting different indicators of individual SES
such as education and occupation could result in incomplete
model bias;48 our findings for the independent influence of
ethnic enclave seem robust.

Whereas the majority of previous studies were conducted
at the metropolitan statistical area and county levels, our study
reports the impact of residential segregation on COVID-19+ at
the census-tract level, which are more granular geographic
areas that facilitate precise identification of the most vulnerable
areas of the city.49 To the best of our knowledge, this study is
also one of the first attempts to examine social determinants of
health associated with increased odds of COVID-19 using
EHR data. The use of EHR data in examining relationships
between equity-focused predictors, such as race, ethnicity, and
language and place-based determinants of health such as ethnic
enclave, will help identify priority populations and link clinical
decision-making and community-based interventions to
accelerate health equity work across fields.50

Our study faced several limitations. First, we studied 2
health care systems in SF, which may not be representative of
the general SF population, or of Hispanic/Latinx populations
in other cities, potentially limiting generalizability. Moreover,
ethnic enclave residence was assessed at the index date of
COVID-19+ outcome, and we were unable to assess whether

patients moved during the study, which would provide in-
formation about neighborhood selection. Finally, we did not
control for other neighborhood factors beyond nSES given
our specific hypothesis on Hispanic/Latinx ethnic enclaves.
Future studies could investigate the joint and interactive
effects of ethnic enclave and neighborhood SES.

CONCLUSIONS
The substantial toll exacted by COVID-19 on US mi-

noritized racial and ethnic populations has led health care and
public health leaders to call for a refocus on racial and ethnic
inequities in health, as well as increased investments in com-
munity initiatives and programs to address the social determi-
nants underlying these inequities.4,6 Barriers to collecting and
obtaining sufficient data on individual-level sociodemographic
factors may impede public health and health care response to
emerging inequities during the pandemic, highlighting the need
to strengthen the public health data infrastructure. In addition,
the prominent role of geography and place in COVID-19 racial
and ethnic inequities compels better understanding of the local
environments where minoritized groups live to direct resources
and inform community-engaged interventions in these neigh-
borhoods. Our findings demonstrate how important it is for
health professionals and policymakers to both understand
people within the context of their neighborhoods and consider
the intersection of individual and group-level social determi-
nants of health.
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