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Abstract Geographic inequalities in COVID-19 diagno-
sis are now well documented. However, we do not

sufficiently know whether inequalities are related to social
characteristics of communities, such as collective engage-
ment. We tested whether neighborhood social cohesion is
associated with inequalities in COVID-19 diagnosis rate
and the extent the association varies across neighborhood
racial composition. We calculated COVID-19 diagnosis
rates in Philadelphia, PA, per 10,000 general population
across 46 ZIP codes, as of April 2020. Social cohesion
measures were from the Southeastern Pennsylvania
Household Health Survey, 2018. We estimated Poisson
regressions to quantify associations between social cohe-
sion and COVID-19 diagnosis rate, testing a multiplicative
interaction with Black racial composition in the neighbor-
hood, which we operationalize via a binary indicator of
ZIP codes above vs. below the city-wide average (41%)
Black population. Two social cohesion indicators were
significantly associated with COVID-19 diagnosis. Asso-
ciations varied across Black neighborhood racial compo-
sition (p <0.05 for the interaction test). In ZIP codes with
≥41% of Black people, higher collective engagement was
associated with an 18% higher COVID-19 diagnosis rate
(IRR=1.18, 95%CI=1.11, 1.26). In contrast, areas with
<41% of Black people, higher engagement was associated
with a 26% lower diagnosis rate (IRR=0.74, 95%CI=0.67,
0.82). Neighborhood social cohesion is associated with
both higher and lower COVID-19 diagnosis rates, and
the extent of associations varies across Black neighbor-
hood racial composition. We recommend some strategies
for reducing inequalities based on the segmentation model
within the social cohesion and public health intervention
framework.
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Racial and geographic inequalities in confirmed COVID-
19 cases in the USA are now well established [1, 2]. For
instance, in Pennsylvania (PA), Black people comprise
11% of the population but accounted for 28% of COVID-
19 diagnosed cases as of May 28, 2020. Considering
geography, the extent of Black-White differences in di-
agnosis rates varies widely across counties [1, 2].

Inequalities in COVID-19 infections are heavily in-
fluenced by factors indicative of structural racism [3]
(e.g., area-level socioeconomic deprivation and racial
residential segregation) [4] that disproportionally exac-
erbated exposure risk in predominantly Black areas [5,
6]. Structural racism factors also influence the pathways
and probabilities of people engaging and maintaining
adherence to primary prevention strategies (e.g., wear-
ing masks consistently, washing hands, practicing social
distancing), which may vary by the geographic profile
of the neighborhood [7].

Amajor priority for health inequalities research current-
ly is to identifywhich social characteristics of communities
influence inequalities in COVID-19 diagnosis [8]. Social
capital and cohesion are social characteristics of commu-
nities [9, 10]. Social capital can be defined broadly as
collective resources available through social connections
or networks that individuals or groups can access, as well
as features of organizations (e.g., trust in others and group
norms) that make it possible to achieve coordinated action
[11]. Social cohesion describes the cognitive aspects of
social capital such as perceptions of trust, feelings of
belongingness, and reciprocity which are related to struc-
tural aspects such as working to improve one’s community
and other forms of neighborhood collaboration [12].

Socially and psychologically experienced characteris-
tics of the neighborhood environment (e.g., close contact
with people, degree of trust for one’s neighbor) may
influence COVID-19 transmission dynamics, both posi-
tively and negatively. For example, social participation—
one indicator of the construct—might be positively asso-
ciated with COVID infections if people in those areas
continue high levels of in-person engagements and ignore
social distancing practices. Feelings of belongingness—a
second indicator—might be associated with lower COVID
infections in areas with lower scores. It is plausible that

lower cognitive scores at the neighborhood level are indic-
ative of social isolation rates which are correlated with
lower in-person contact, which may lower exposure rates.
Another pathway throughwhich higher feelings of belong-
ingnessmay be associatedwith lower COVID infections is
through strong neighborhood attachment. In areas where
people have strong attachments to their community, there
might be higher motivation and reason to practice COVID
prevention protocols to protect one’s neighbors.

Empirically, social capital has been linked with pre-
vious SARS-related infectious diseases. In one study,
social capital and cohesion indicators—civic participa-
tion and trust in government—were associated with
higher likelihoods of wearing a face mask and washing
hands more frequently during the influenza pandemic
[13]. In another study, neighborhood social cohesion
moderated the impact of H1N1-related knowledge and
likelihood of a parent getting their children vaccinated
for H1N1 [14]. There still only a handful of studies that
assessed social cohesion and COVID-19-related out-
comes [15–19]. In one study, among adults in the coun-
try of Colombia, the authors found that that low social
capital was associated with higher perceived stress re-
lated to COVID-19 [20]. Wu conducted a multilevel
study among individuals and provinces in China and
found that higher collective efficacy among individuals
was associated with lower odds of knowing someone
infected with COVID-19 [15]. In one US study, the
authors found that counties with higher bonding social
capital scores had lower excess COVID-19 deaths over
three time periods during the pandemic [21]. There is
still a dearth of research on this topic in the US context.
Previous US-based studies have mainly been county-
level ecological studies. To our knowledge, no studies
have examined these associations at the local or smaller
geographic resolutions like ZIP codes within a city. To
address these gaps, we investigated whether neighbor-
hood social cohesion is associated with COVID-19
diagnosis rates in the population. Results may inform
components of COVID-19 prevention strategies at the
local level.

Inequalities in COVID-19 diagnosis are patterned by
the racial composition within an area [22]. It is therefore
plausible that the size and direction of associations
between social cohesion and COVID-19 diagnosis rates
will vary across distributions of Black neighborhood
composition. Briefly, in the US, the Black racial com-
position of neighborhoods is a reliable proxy indicator
of the impact of structural racism’s effects on
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geographic communities through legacies of slavery,
which has been described as a fundamental cause of
racial disparities [23]. Residential segregation (and oth-
er) structural racism factors in predominantly Black
geographic communities thwarted wealth generation
and produced high-income inequality [24] and social
exclusion, which erodes social cohesion [9, 25]. Thus,
how social capital is accumulated and how social cohe-
sion is practiced will vary depending on the level of
neighborhood racial composition [26]. We therefore
investigate whether any association between social co-
hesion and COVID-19 diagnosis rate varies at distribu-
tions above and below the city-wide average Black
racial composition.

Methods

Study Population

We used population-based COVID-19 counts of posi-
tive and negative cases reported by the Philadelphia
Department of Public Health. Data are publicly avail-
able on Open Data Philly [27], which contained de-
identified aggregated data at the ZIP code level only
(N = 46), as of April 24, 2020, 11:21 AM.

Ethical Statement

Informed consent was not required. These data were not
considered human subjects research and exempt from
institutional IRB.

Measures

COVID-19 Diagnosis Rate Is the Primary Outcome
of the Study

COVID-19 diagnosis rates using confirmed positive
cases were calculated per 10,000 general population.

Social Cohesion Is the Primary Exposure Variable
in the Study

The Southeastern Pennsylvania Household Health Sur-
vey (SPHHS) 2018–2019 provided data on five social
cohesion indicators. Briefly, the SPHHS is a random-
digit dialing comprehensive telephone and cellphone
survey that assesses population responses to health,

social, and behavioral items among approximately
7500 adults age 18 years and older in Bucks, Chester,
Delaware, and Philadelphia counties [28]. Data are
weighted to the census population and can be analyzed
at the ZIP code level. Data were restricted to Philadel-
phia County where the average (over the five indicators)
number of respondents who provided to calculate social
cohesion was n = 3447. The five indicators were the
following: (1) feelings of belongingness, derived from
the question “I feel that I belong and am a part of my
neighborhood?”; (2) trust in neighbors, derived from the
question “most people in my neighborhood can be
trusted”; (3) neighbors willing to help, derived from
the question “please rate how likely people in your
neighborhood are willing to help their neighbors with
routine activities such as picking up their trash cans, or
helping to shovel snow”; (4) civic and social participa-
tion is a count variable corresponding to the question
“how many local groups or organizations in your neigh-
borhood do you currently participate in such as social,
political, religion, school-related, or athletic organiza-
tion?”; and (5) collective engagement, from the question
“have people in your neighborhood ever worked togeth-
er to improve the neighborhood?”. Following the Em-
pirical Bayes Estimation technique in prior work [29],
each indicator was estimated using survey-weighted
linear, logistic, or negative binomial regression as ap-
propriate for the distribution and adjusted for the fol-
lowing covariates (race/ethnicity, age, sex, education,
marital status, home ownership). The adjusted predicted
estimates were aggregated to the ZIP code level. This
adjusted approach minimizes any potential confounding
in estimates of social cohesion. However, this covariate-
adjusted score, even with individual race in the model,
does not affect the statistical relationship in this
ecological-level analysis where area-level racial compo-
sition was included.

Black Neighborhood Racial Composition Is the Second-
ary Exposure Variable This measure was operational-
ized as the proportion of the population that are Black or
African American alone in 2019.

Covariates

ZIP code level data for select demographics for year
2019 were retrieved from the SimplyAnalytics database
online. Selected demographics and other covariates for
multivariable analyses were informed by prior research
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on neighborhood social cohesion and other social deter-
minants of COVID-19 and other infectious diseases like
HIV [22, 30, 31]. These included a principal component
index of neighborhood socioeconomic position com-
prised of median household income, proportion of res-
idents with a high school diploma, and proportion of
residents with no car (Cronbach’s α = 0.86). Next was
the proportion of people between ages 18 to 24 and 25 to
34; the proportion of renters that moved in 2010 or later;
and a crime index, which is a weighted composite of
murder, forcible rape, robbery, aggravated assault, bur-
glary, larceny, and motor vehicle theft. A COVID-19
testing site variable was included as a covariate. How-
ever, data on number of tests performed at specific sites
or within ZIP codes are not available. Addresses for the
COVID-19 testing sites in Philadelphia, PA, as of
May 2020 were provided by the Philadelphia Depart-
ment of Public Health. Addresses were geocoded in
ESRI Arc GIS Pro software. Kernel density estimates
were calculated via spatial statistics, and density scores
were assigned to each ZIP code using the zonal statistics
to table tool. Residuals of COVID-19 rates were includ-
ed as a covariate in multivariable regression to adjust for
potential spatial autocorrelation of COVID infection
patterns. The variable was created via spatial clustering
techniques using Queen Contiguity Neighborhood Ma-
trix with 2nd Order structure in GeoDA software.

Statistical Analysis

Predictor variables were standardized to have a mean of
zero and standard deviation of one (i.e., z-scored).
Spearman correlation among all the variables was con-
ducted to inform model specification. Exploratory var-
iance inflation tests (VIF) indicated that removing trust
and neighbors willing to help would result in the best
and parsimonious statistical model. Subsequently, those
two variables were removed from the bivariate models
and multivariable interaction model.

Descriptive statistics were conducted to describe
the median and interquartile range of COVID-19 di-
agnosis across ZIP codes stratified by areas above the
city-wide Black population, which was operational-
ized as (< 41% or ≥41%) since 41% of Philadelphia’s
residents are Black or African American alone [32].
Choropleth geographic maps of the social cohesion
indicators and COVID-19 diagnosis rates were con-
structed using five natural breaks and overlaid by the
ZIP codes with ≥41% Black or African American

population. To test the association between social
cohesion and COVID-19 diagnosis rate, a Poisson
regression model with logarithm link function with
the general population as the exposure variable was
estimated. The base model included all the remaining
social cohesion indicators simultaneously and adjust-
ed for the density of COVID-19 testing sites and the
spatial autocorrelation covariate. The latter two covar-
iates are not presented in figures or results because
they are not interpretable and for model robustness
only. Incidence rate ratios (IRR) and 95% confidence
intervals were produced. To determine whether the
social cohesion variables are attenuated by covariates,
additional adjustments were applied to the first model.
Covariates included neighborhood socioeconomic
position, crime index, proportion of renters moved,
and proportion aged 18–24 and 25–34 and also Black
racial composition because it is part of the multiplica-
tive interaction model.

To test whether the association between social cohe-
sion and COVID-19 diagnosis rates varied by distribu-
tions of Black neighborhood racial composition (< 41%
or ≥41%), a multiplicative interaction term between the
two variables was included. The significance of the
interaction was assessed using the Wald test statistic.
Marginal predicted counts adjusted for all covariates
were computed and graphed for interactions significant
at α = p < 0.05 using the margins command. Stratified
analysis was then conducted after identifying significant
interaction results. Descriptive and multivariable analy-
ses were conducted using STATA software version
15.1.

Results

Univariate and Bivariate

The median (and interquartile range) of COVID-19
diagnosis rate in Philadelphia, PA, as of April 24,
2020, was 101.4 per 10,000 general population
(IQR=80.8–136.2) (results not displayed). There were
22 ZIP codes (48%) where ≥41% of the population were
Black or African American. In those ZIP codes,
COVID-19 diagnosis rate per 10,000 general population
was 119 (IQR=105.5–139.5), which was 35 cases
higher than the overall rate of the remaining ZIP codes,
which was 84 (IQR=70.5–107.6).
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The choropleth maps display supporting evidence
that COVID-19 diagnosis rates are higher in ZIP codes
where ≥41% of the population are Black or African
American (Fig. 1). Moran’s I test, however, revealed
no statistically significant spatial clustering of COVID-
19 across Philadelphia ZIP codes (I= −0.014, p=0.46,
results not displayed).

Multivariable

Civic and social participation was significantly associ-
ated with 11% lower COVID-19 diagnosis rates after
adjustment for potential confounders (IRR=0.89, 95%
CI=0.82, 0.96, Fig. 2). Higher neighborhood socioeco-
nomic composition was associated with lower COVID-
19 rates (IRR=0.91, 95% CI=90, 0.93). Higher black

neighborhood racial composition was associated with
14% higher rates of COVID-19 diagnosis rates
(IRR=1.14, 95% CI=1.09, 1.20).

The multivariable multiplicative interaction
models revealed that the direction and strength be-
tween civic and social participation (chi-square=12.4
(df=1), p = 0.004) and collective engagement (chi-
square 70.1 (df=1), p = 0.000) on COVID-19 diag-
nosis rates were significantly different based on the
Black neighborhood racial composition binary indi-
cator (Fig. 3).

In stratified analyses, in ZIP codes where ≥41% of
the population are Black or African American, higher
feelings of belongingness was associated with 11%
lower COVID-19 diagnosis rates (IRR=0.89,
95%CI=0.79, 1.00), but there was no significant

Fig. 1 Distribution of COVID-19 diagnosis rates and social co-
hesion indicators across Philadelphia, PA, ZIP codes (N=46),
April 2020. COVID-19 cases do not spatially cluster at the city-

wide level but, rather, are higher in ZIP codes where the Black or
African American population is ≥41 percent. Social cohesion is
also lower in those areas
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association in other neighborhoods (Fig. 4). In ZIP
codes where ≥41% of the population are Black or

African American, higher collective engagement was
associated with 18% higher COVID-19 diagnosis rates

Fig. 2 Associations between
social cohesion indicators and
COVID-19 diagnosis rates across
Philadelphia, PA, ZIP codes
(N=46), April 2020. ZIP codes
with higher civic and social par-
ticipation have 11% lower
COVID-19 diagnosis rates in
Philadelphia, PA. Higher Black
racial neighborhood composition
is associated with 14% higher
COVID-19 diagnosis rates

Fig. 3 Associations between two neighborhood social cohesion
indicators and COVID-19 diagnosis rates are moderated by black
neighborhood racial composition, Philadelphia, PA, ZIP codes
(N=46), April 2020. Higher civic and social participation and

collective engagement have opposite associations with COVID-
19 diagnosis rates depending on whether ZIP codes where higher
or lower than 41% of the population are Black or African
American
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(IRR=1.18, 95%CI=1.11, 1.26). In contrast, in ZIP
codes < 41% Black or African American, higher collec-
tive engagement was associated with 26% lower
COVID-19 diagnosis rates (IRR=0.74, 95%CI=0.67,
0.82).

Surprisingly, in stratified analysis, civic and social par-
ticipation was statistically unrelated to COVID-19 diagno-
sis rates in the context of other social cohesion indicators
and covariates. Higher neighborhood socioeconomic com-
position was associated with lower COVID-19 diagnosis
rates in both types of neighborhoods.

Discussion

This is the first ecological study at a local small-scale
geographic level to document that civic and social partic-
ipation and collective engagement are associated both
positively and negatively with COVID-19 diagnosis. Re-
cent studies have mostly assessed direct associations be-
tweenCOVID-19 and social cohesion or capital indicators.
We advance the field with an interaction analysis where
we found that some associations are not direct but that the
size and directions vary by Black neighborhood racial
composition. In ZIP codes with above average Black racial
composition, lower COVID-19 diagnosis rates were asso-
ciatedwith higher feelings of belongingness. In those same
areas, higher COVID-19 diagnosis rates were associated
with higher collective engagement—a measure of people

working together to improve neighborhood conditions. In
contrast, in areas below the city-wide average Black racial
composition, lower COVID-19 diagnosis rates were asso-
ciated with higher collective engagement, adjusting for
other ZIP code socioeconomic and demographic
covariates.

Several of our study findings are validated based on
recently published work. In our study setting, higher
area-level socioeconomic position was correlated with
lower COVID-19 diagnosis, which is consistent with
findings from another ZIP code-level study of New
York City and Chicago [33]. Our findings revealed
several nuances with respect to social cohesion, which
is also consistent with published evidence to date [15].
First, some neighborhood social cohesion indicators
were associated with higher rates of COVID-19 diagno-
sis, while others were associated with lower rates. Only
civic and social participation, however, remained signif-
icantly related to lower COVID-19 diagnosis rates after
adjustment for variables such as neighborhood socio-
economic position and crime. Second, COVID-19 diag-
nosis rates are higher in geographic areas where the
Black racial composition is higher than the city-wide
average, which in our study was in ZIP codes greater
than or equal to forty one percent. This finding is also
consistent with other ZIP code level studies from New
York City and Chicago [33, 34] and with one other
study which used county-level data and where racial
composition was categorized based on values above or

Fig. 4 Stratified analysis
showing the association between
neighborhood social cohesion and
COVID-19 diagnosis rates, strati-
fied by black neighborhood racial
composition across Philadelphia,
PA, ZIP codes (N=46), April
2020. Higher collective engage-
ment is associated with higher
COVID-19 diagnosis rate in ZIP
codes where ≥41 percent of the
population are Black or African
American but lower COVID-
diagnosis rate in ZIP codes with
more diverse racial composition
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below thirteen percent—the US percent of the Black
population [22].

What might our findings of direct associations and
cross-over interaction patterns by neighborhood racial
composition indicate for equity-based approaches to solu-
tions? Public health prevention interventions may benefit
from considering a segmentation approach [35] to deliver
COVID-19 relief support based on distributions of neigh-
borhood social cohesion and Black racial composition.
Collective engagement traditionally involves in-person ac-
tivities [26].Within predominantly Black communities, in-
person connectivity through faith-based institutions, social
gatherings, and informal local activities such as block
parties are conduits for coping, particularly during periods
of stress and trauma, which was one effect of this
pandemic.

In predominantly Black geographic communities,
people may rely on higher in-person connectivity as a
strategy for communication and dissemination of infor-
mation or resources needed to survive. The fast spread
of COVID and inconsistent public health information
earlier in the pandemic happened without sufficient time
for people to prepare or adjust their behaviors and
accumulate resources. It is also plausible in those areas
that people lacked or were not fully utilizing virtual
communication modes within their social networks. In
one national survey, for instance, only 64% of Black
people compared to 78% of White people used email or
messaging services to communicate with others during
the COVID-19 pandemic [36]. Communication differ-
ences are not just a matter of preferences but socioeco-
nomic status resources, which are lower in predominant-
ly Black geographic communities [23]. Some cities
offer low-cost or free internet options in low-income
areas [37] which often overlap with predominantly
Black geographic communities. However, fear of sur-
veillance, historical institutional racism, and mistrust of
big business and government will need to be addressed
[38] in interventions designed to increase uptake of
technology and reduce disparities.

We recommend a few strategies for social cohesion-
based interventions based on a modified segmentation
approach [35] that prioritizes predominantly Black geo-
graphic communities. If these findings hold in other
studies, government policies can be implemented to
encourage greater public health-corporate-community
partnerships that use community volunteers to deliver
food to those in quarantine or who cannot leave their
homes [39, 40]. This sort of partnership might be one

pathway to improve collective engagement in these
areas.

Interventions should be intentional about the types of
social participation to increase. At the city-level, one
strategy could be to expand financial and political in-
vestment in public health-faith collaborations with His-
torically Black Churches in predominantly Black areas
[41]. A biomedical intervention should combine wrap-
around social services and expanded access to food
distribution in the community. Many churches in pre-
dominantly Black neighborhoods are trusted because
they have been providing social and health services to
residents before the pandemic emerged [42]. Churches
also provide spiritual and religious support to residents.
Therefore, spiritual and religious support on aggregate
within a geographic community may help create and
sustain norms of caring and neighbors helping neigh-
bors [43] needed to flatten the COVID-19 infection
curve and help all people thrive beyond this pandemic.

At the federal level, greater funding and investment
in religious or faith-based organizations within Black
neighborhoods are pivotal. One specific approach could
be to equip these organizations to disburse the CARES
Act funding. These institutions play critical roles in
political processes and that influence the uptake of pub-
lic health initiatives, especially among hard-to-reach
vulnerable populations like the elderly and people with
housing insecurity [44]. Federal commitment of funding
is a crucial ingredient to build trust and community buy-
in not only to promote compliance of public health
ordinances now but to sow the seed that may build trust
to achieve high uptake of the COVID-19 vaccinations
when implemented in the general population.

Public behavior including wearing masks is a func-
tion of social psychological processes such as identity,
neighborhood attachment, and supportive social group
norms. Public health prevention messaging strategies
might make use of people’s sense of belongingness to
their communities since we found a small but salutary
association with COVID-19 diagnosis rates. Messages
should also communicate shared concern for protecting
loved ones and solidarity among people [45, 46] within
their geographic community.

Limitations

No study is without limitations. COVID-19 diagnoses
surveillance data in this city, as is the case for data in
several other areas across the USA, were not available
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by race. Therefore, we cannot make inferences about
racial inequalities in COVID-19 diagnosis rates. Accu-
rate measures of physical distancing and other behav-
ioral exposure factors (e.g., wearing masks) or measures
of participation in ordinances (e.g., quarantine) do not
currently exist for this city. These are likely mediators
that would explain some proportion of any associations
that we found. Although we controlled for the density of
COVID-19 testing sites, testing policies in April 2020
were driven by infection need distribution, and there-
fore, COVID-19 cases were likely under-counted in
more disadvantage areas. The modifiable areal unit
problem may exist such that if these analyses were
replicated at other geographic levels (e.g., census tract),
results may not hold. In this study, we used the ZIP
code, which in Philadelphia and other cities is most
granular level of data publicly available.

The social cohesion indicators, while collected in 2018–
2019, are cross-sectional. Although there is some tempo-
rality between the exposures and outcome variable, we still
cannot draw causal inferences with COVID-19 diagnosis
rates in April 2020. Indicators of social cohesion should be
collected in the context of COVID when people are social
distancing and engaging with others online. For instance,
civic and social participation reflects pre-pandemic behav-
ior and does not account for the type of engagement people
were limited to when physical distancing and quarantine
ordinanceswere in effect. The collective engagement ques-
tion in this household survey is generic and part of a scale
createdmore than two decades ago in the context of studies
to explain crime rates [47]. Rapid telephone surveys could
be conducted during pandemics to ask people how they
have engaged with neighbors, potentially through ques-
tions like during the pandemic “have you helped your
neighbor with grocery shopping?” or “have you checked
in with your neighbor to see if they needed help?” Other
unobserved confounders like population mobility rates
within neighborhoods might bias the estimates downward.
However, those data are not currently available. Timing
between exposure and interests are also important [15].
While we captured COVID-19 infections at one time
point, it is possible that social cohesion might have a
stronger relationship with COVID-19 diagnosis [21] earli-
er in the pandemic when people were still figuring out the
effects and needed help. Despite these limitations, we used
population-based surveillance COVID-19 data and multi-
ple reliable indicators of social cohesion across a large
geographically diverse local setting while controlling for
several confounders.

Conclusion

The epidemiology of COVID-19 reveals inequalities in
diagnosis and mortality rates that are higher in geographic
areas with higher Black racial composition. Neighborhood
social cohesion is associated with COVID-19 diagnosis
rates in complex ways, and some associations vary by
Black neighborhood racial composition. Future ecological
studies at the local levels in other US cities are needed to
examine the association between social cohesion and race-
specific COVID-19 diagnosis rates. We also need multi-
level studies that link area-level and individual risk and
protective factors among those diagnosed with and among
those who recovered from COVID-19. Longitudinal stud-
ies that can assess the relationship between social cohesion
and COVID-19 diagnosis rates at different time points will
be crucial to understand how communities are responding
to trends in infection. We need also studies that can test
causal linkages between social cohesion and intentions to
get vaccinated or vaccine hesitancy through mediating
pathways that include COVID-19 diagnosis and other
prevention protocols.

Thus far, several ecological studies hypothesize path-
ways, or mechanisms such as social cohesion would influ-
ence COVID-19 diagnosis, which includes respect and
obedience for social distancing and other public health
prevention ordinances, higher empathy, diffusions of in-
formation, and neighbors taking responsibility for others.
However, these pathways were often not tested empirical-
ly. Therefore, large probability sample studies that can
assess plausible mechanisms are critical to identify behav-
ioral, economic, social, and biological pathways through
which social cohesion influences COVID-19 transmission
and, in the future, vaccination likelihood.
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