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A B S T R A C T   

Objectives: To quantify the contribution variation in socioeconomic status in predicting the distribution of COVID- 
19 cases and deaths. 
Methods: Analyses used incidence data on daily COVID + case counts from all counties from the initial wave of 
infections, merged with data from the U.S. census data to measure county-level SES and confounders. Multi-
variable analyses relied on survival analyses and Poisson regression to examine timing of county-level index 
cases and of COVID-19 incidence and mortality in infected counties to examine the spread and severity of COVID- 
19 while adjusting for adjusted for Black race, Hispanic ethnicity, age, gender, and urbanicity. Effect moderation 
by social distancing parameters was examined. 
Results: Results indicate that higher SES was associated with earlier incidence of index cases, but that as social 
distancing took place inequalities in SES inverted so that growth in incidence was slower in higher SES counties, 
where case-fatality rates were lower. 
Conclusions: This study is the first to date to show what happens when an opportunistic disease that could affect 
anyone meets the American system of inequality and is powerfully shaped by it.   

1. Introduction 

The global COVID-19 pandemic has caused the World Health Orga-
nization to declare a global emergency (Sohrabi et al., 2020). COVID-19 
is a highly infectious disease (Wu et al., 2020) that can cause 
multi-organ failure (Zaim et al., 2020) and carries a high case-fatality 
rate among older adults (Onder et al., 2020). The spatial dynamics of 
the COVID-19 pandemic and its transmission through global social 
networks have been well discussed as the epidemic has unfolded (Guo 
et al., 2020). However, incident cases and deaths per day, to date, have 
not consistently evaluated how US county-level socioeconomic status 
(SES) inequalities have shaped COVID-19 outcomes (Sohrabi et al., 
2020). 

Social epidemiology and medical sociology assert that when social 
scientists study socioeconomic inequality, racism, gender inequality, 
social relationships, or a host of other circumstances they simulta-
neously study factors that have cascading influences on the biology of 
disease and death. A general principle from this line of work is that 
social inequalities reliably beget health inequalities (Link and Phelan, 

1995). From this tradition, we turn attention to the Coronavirus 
disease-2019 (COVID-19) pandemic noting that at the biological level, 
the virus can infect anyone, regardless of wealth or occupation. Despite 
this appearance of equality of risk, epidemic characteristics of COVID-19 
are likely to be shaped in part by our systems of inequality to fulfill the 
adage that social inequality reliably begets health inequality. 

Fundamental cause theory (FCT) (Link and Phelan, 1995; Phelan 
et al., 2010) proposes that socioeconomic inequalities should play a 
multifaceted role as the virus spreads (He et al., 2020; Nicola et al., 
2020). The theory was initially developed to explain why associations 
between socioeconomic status (SES) and mortality have emerged across 
places and times and persist in the face of radical changes in the diseases 
and risk factors afflicting humans at any particular time (Link and 
Phelan, 2010). The theory proposes that this occurs because SES-related 
resources of knowledge, money, power, prestige, and beneficial social 
connections are flexible resources that are consistently deployed across 
vastly different health circumstances to ensure better health outcomes 
for individuals and groups with advantageous circumstances. In essence, 
the theory proposes that mechanisms linking SES to disease and death 
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change over time as individuals, households, and social groups deploy 
unequally distributed SES-related resources to gain privileged access to 
protective factors and to help avoid risk factors. 

Clouston et al. (2016) proposed extending FCT to examine changes in 
social inequalities in health follow four unique stages of disease (SOD) 
that arise when social forces infiltrate the biological processes that 
produce disease etiology. Specifically, they suggest that when disease 
processes are viewed temporally, they present as multiple stages. In the 
early phases, heterogeneous associations between disease incidence and 
indicators of socioeconomic status are commonly observed and may 
favor higher or lower SES individuals. At this stage, the authors suggest 
that there is insufficient knowledge about the disease to mount an 
effective defense against it. In this regard, COVID-19 would have most 
likely been transported to the U.S. from infected countries via pros-
perous and/or socially interconnected elites with the means to travel 
globally for business or leisure. However, as knowledge of a new threat 
grows, the theory suggests that inequalities will also grow as it becomes 
possible to implement strong public health measures to combat the 
disease such as sheltering in place, adhering to social distancing 
guidelines (Sen-Crowe et al., 2020) or advocating reductions in social 
contacts as an effective way to control epidemics with low reproductive 
rates (Reluga, 2010). For example, starting on March 16th numerous 
states throughout the U.S. began issuing initial guidelines advocating for 
the use of lockdowns, quarantining, and social distancing in hopes of 
reducing transmission and preserving public health. SES inequalities are 
expected to grow rapidly because communities and individuals use 
community agency to control risk and improve survival for their com-
munity members, sometimes by disadvantaging others. For example, 
though being an effective way to avoid infectious disease, social 
distancing is difficult for those who live in dense or shared housing, with 
large multi-generational families, who live in short-term housing, who 
lack access to extra-urban housing, who are/live with “essential 
workers”, or who lack resources needed to reduce in-person interactions 
including the ability to negotiate working from home or shop at a 
distance. 

While the forgoing is likely to influence the incidence of COVID-19, 
factors that occur after the illness is acquired are also likely to be influ-
enced by SES. Firstly, a lifetime of adversity experienced by people from 
lower SES circumstances increases the risk that individuals may have one 
or multiple mild to severe health conditions (Langenberg et al., 2006), 
including notably increased cardiovascular disease burden (Mackenbach 
et al., 2000), which may be poorly controlled due to lack of access to 
healthcare and poorer knowledge about managing cardiovascular 
conditions (Chang and Lauderdale, 2009), and therefore put individuals 
at risk for unfavorable outcomes from COVID-19 (Zhou et al., 2020). 
Upon identification of a new COVID-19 case, knowledgeable medical 
staff must utilize a proactive monitoring protocol for hospital patients 
that may depend on the timing and availability of resources to improve 
health (Arabi et al., 2020). Thus, while no known prevention or cure 
exists for COVID-19, effective disease management includes encouraging 
patients to receive treatment promptly, avoiding spreading the disease, 
and assessing symptom dynamics to appropriately characterize this novel 
disease (Meng et al., 2020; Singer et al., 2020). 

Interestingly, the principles from fundamental cause (FCT) and stage 
of disease (SOD) theories were developed before COVID-19 existed. 
They are abstract principles about the social shaping of disease before 
and after encountering social inequality. Whether this novel disease and 
its consequences spread as predicted bears considerable importance for 
the value of these theories. Based on these theories we propose that the 
epidemic occurs as a two-stage process, at first catching elites and higher 
socioeconomic status (SES) communities unready, leading initial cases 
to occur in higher SES locales. Then in a second stage, we anticipate that 
inequalities will arise and grow as communities begin to mobilize by 
implementing social distancing strategies to rapidly, but unequally, 
control risk (Clouston et al., 2016). Irrespective of the disease timing, 
however, we would anticipate that lower SES communities will face the 

biggest burden of disease and experience more COVID-19 cases than 
higher SES communities who can mobilize resources to stymie the 
spread of the virus, reduce overall prevalence, and diminish the risk of 
death due to the disease. 

1.1. Objectives 

The goal of this study was to examine the role of SES in the distri-
bution of COVID-19 cases throughout the U.S. We have formed the 
following questions: 1) Did initial cases between January 22nd, 2020 
through May 28th, 2020arise in counties with higher SES? 2) Did social 
inequalities shift to favor reduced incidence in higher SES counties? 3) 
Were mortality statistics lower in counties with higher SES? 

1.2. Methods 

The U.S. is separated into fifty states that enact state-wide policies, 
interpret federal guidelines, and provide inter-county organizational 
support. States are formed of counties, our unit of analysis, that imple-
ment local public health efforts such as contact tracing, testing, and 
quarantine requirements. COVID-19 data comes from USAFacts which is 
a not-for-profit, nonpartisan initiative that provides government data 
from over 70 sources about numerous topics including daily incidence 
data concerning COVID-19 by US county (www.usafacts.org). Data on 
county-level populations are derived from the U.S. Census Bureau which 
collects demographic and economic survey data of all U.S. residents 
(https://www.census.gov/). Each year, the Census Bureau publishes 
population estimates for populations by age, sex, and race/ethnicity, as 
well as by national, state, and county locations. Additional data on po-
tential confounders was ascertained via the US Census Bureau’s Amer-
ican Community Survey that publishes yearly estimates of social and 
economic indicators at the county level. 

The first main outcome of our analysis is defined by the date of the 
first case in a county – the index case. The selection of this outcome 
variable allows us to test our prediction that the time a first case will be 
shorter in relatively high SES counties. The two other outcomes of in-
terest are daily COVID-19 incidence and mortality rates following the 
index case. These outcomes allow us to test our hypothesis that the SES 
association with incidence and mortality shifts from a positive (higher 
SES higher rates) to a negative (higher SES lower rates) over time. 
Incidence of COVID-19, defined as the rate of newly reported cases of 
COVID-19, and the rate of COVID-19. Data on mortality within 3141 
counties in the U.S. Date of case identification and death were retrieved 
from USAFacts data. 

County-level data from the U.S. census detailing populations were 
merged with daily confirmed cases and daily COVID-related mortality 
over January 22nd, 2020 through May 28th, 2020to examine associa-
tions between COVID-19 outcomes and a validated SES index. Specif-
ically, to estimate county-level SES we relied on data from the American 
Community Survey (5-year estimates) for age (% aged 65 and older), 
race/ethnicity (% Black, % Hispanic), and sex (% male) were merged on 
at the county level. Socioeconomic status (SES) was measured using a 
validated method that integrated information on income, education, and 
wealth into a county-level index (Singh et al., 2002). 

We used the date that stay-at-home orders were initially imple-
mented in a state to roughly operationalize the staging concept. We 
conceptualized the first “natural mortality” stage as the period before 
the lockdown was implemented and the second “growing inequalities” 
stage as the period after the lockdown. While social distancing behaviors 
may have changed before the lockdowns, these requirements signal the 
beginning of the primary COVID-19 social distancing interventions. In 
line with this reasoning, we created a dichotomous variable identifying 
pre (0) versus post (1) the implementation of initial state-wide 
lockdowns. 
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1.3. Statistical analyses 

For descriptive purposes, we reported associations between the 
number of COVID-19 cases and variables capturing the demographic 
composition of counties. To test our first hypothesis that early infections 
would emerge in counties with higher socioeconomic status, we began 
by showing Kaplan-Meier onset curves examining the initial presenta-
tion of a COVID-19 case in a county by SES tertiles. We conducted 
multivariable analyses modeling time until the index case was observed 
using Cox proportional hazards regression. Cox models were used 
because they allowed us to reliably predict the time until the index case, 
a central hypothesis in these analyses. To investigate the association 
between SES and incidence, models were separated into an initial period 
before a widespread social distancing response and a second period after 
such a response had occurred. Schoenfeld residuals were used to 
examine the proportional hazards assumption, and multivariable- 
adjusted hazard ratios were reported with 95% confidence intervals 
and p-values. 

To examine the hypothesis that incidence rates changed differently 
in high as opposed to low SES areas in the second stage, we began by 
showing incidence rates over time starting at the date at which the initial 
case presented. The multivariable analysis further probed this process 
using a Zero-inflated Poisson model to model predictors of incidence 
while jointly estimating the risk of having an index case (Lambert, 
1992). Zero-inflated Poisson is unique in allowing researchers to model 
incidence rates while jointly modeling (and adjusting for) the process 
examined in our first hypothesis, that is by capturing the initial emer-
gence of community transmission. Since case numbers can increase 
more rapidly in counties with larger populations, county-level popula-
tion size was used to capture the number of people who are believed to 
be susceptible to the disease. Incidence rate ratios and 95% confidence 
intervals were reported. 

To test the hypothesis that higher SES was associated with a reduced 
risk of COVID-related mortality, we began by showing mortality inci-
dence by SES tertile. Next, multivariable regression analyses relied on 
Poisson regression to estimate mortality rates among COVID + pop-
ulations. Poisson regression is a multivariable regression model that 
allows researchers to examine predictors of count data when the mean is 
normally dispersed (Gardner et al., 1995). Additionally, since the 
outcome of interest here was COVID-related mortality, the population at 
risk of mortality was determined to be all those diagnosed, or post-
humously categorized, as having COVID-19. Mortality rate ratios were 
reported with 95% confidence intervals and p-values. Stata 15.1/IC 
[StataCorp] was used in statistical analyses. 

1.4. Results 

Across U.S. counties, 10% of residents were Non-Hispanic Black, 9% 

Hispanic, and half were female. There were, on average, 4.27 incident 
cases and eight deaths per day in the U.S (Table 1) in the period of 
observation. The number of counties experiencing their index case on 
any given day was higher in high-SES counties and lower in low-SES 
counties over the entire period of observation. The highest SES 
counties recorded 8.9 incident cases/day and 16 deaths per 1000 cases 
per day as compared to the lowest SES counties with 1.5 incident cases 
per day and 3.4 deaths per 1000 cases per day. 

Examining the hypothesis that higher SES was associated with 
changes in the spread of COVID-19 throughout the population, Kaplan- 
Meier hazards curve showed that SES was associated with earlier iden-
tification of initial COVID + cases (Fig. 1). Accounting for the variable 
impact of social distancing policies highlighted the dual impact of SES, 
showing that onset of the first COVID + case was earlier (aHR = 2.21; 
95%CI 1.95–2.51]) in higher SES counties before social distancing pol-
icies were implemented but inverted thereafter (aHR = 0.42; 95%CI 
[0.36–0.48]) (Supplemental Table 1). This result was not explained 
away when confounders were included. Concerning covariates other 
than SES we found that counties with higher average age were at lower 
risk of experiencing their first case (aHR = 0.88; 95%C.I. =

[0.83–0.94]). Higher urbanicity was associated with a greater likelihood 
of experiencing their first case before social distancing but had larger 
reductions in risk following social distancing procedures. Blacks and 
Hispanics faced equal risk for initial cases and less risk after social 
distancing. 

Next, we examined associations between growth in incident cases 
and growth in incident cases by SES (Fig. 2). These results showed that 
while higher SES counties had higher initial incidence rates, the rate of 
growth inverted over time resulting in lower growth over time in higher 
SES counties at the end of the observation period. Results from Fig. 2 
were supported by multivariable analyses (Supplemental Table 2) sug-
gesting that growth rates as a whole were more rapid in areas with 
higher SES before social distancing (aIRR = 1.138; 95% C.I. =
[1.37–1.39]) but also suggested that this pattern inverted as social 
distancing emerged, resulting in smaller increases in COVID cases 
thereafter. 

Examining the hypothesis that mortality would be reduced in areas 
with higher SES (Fig. 3), results from unadjusted and multivariable- 
adjusted models revealed that higher SES was associated with reduced 
risk of mortality. Counties with higher percentages of minority resi-
dents, older people, males, and people living in higher-density com-
munities had higher mortality rates. Results from the figure were 
supported by multivariable analyses (Supplemental Table 3) revealing 

Table 1 
Descriptive characteristics across all U.S. counties and separated by socioeco-
nomic status tertile.  

Characteristics All U.S. 
Counties 

Highest SES 
tertile 

Medium SES 
tertile 

Lowest SES 
tertile 

% Black 9.89 5.76 6.57 17.33 
% Hispanic 8.87 9.57 8.32 8.73 
% Female 49.95 50.02 50.01 49.83 
% Aged 65 and 

older 
8.61 7.93 9.06 8.85 

Urbanicity 4.87 
(27.68) 

8.86 (38.56) 3.34 (20.24) 2.41 
(19.44) 

Socioeconomic 
Status 

0.00 (0.75) 0.79 (0.46) 0.03 (0.18) − 0.81 
(0.42) 

Incident cases/day 4.27 
(38.98) 

8.90 (57.86) 2.38 (26.84) 1.54 
(21.49) 

Number of 
deaths/day 

8.09 
(111.63) 

16.06 
(142.44) 

4.8 (104.91) 3.41 
(77.50)  

Fig. 1. Identification of the first reported COVID + case among U.S. counties by 
high (short dashes) versus (medium dashes) and low (solid) socioeconomic 
status. 95% Confidence Intervals are provided using thin gray enclos-
ing envelopes. 
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that residents of higher SES counties were at much lower risk of COVID- 
19 mortality as compared to those living in lower SES counties (aMRR =
0.884 [0.876–0.891]). 

2. Discussion 

Engaging in a long tradition of research on the social shaping of 
disease and death we set out to determine whether principles derived 
from two theoretical/conceptual approaches within that tradition could 
speak to the social distribution and consequences of the novel COVID-19 
virus. We used principles from fundamental cause theory and stages of 
disease theory to derive hypotheses of what we might expect when 
COVID-19 met social inequality in the US context. We found that during 
the early period of the COVID-19 epidemic, as the virus was actively 
diffusing through the American population, that SES was a strong 
determinant shaping that diffusion. In an initial period, SES was posi-
tively associated with the emergence of COVID-19, but then subse-
quently as a public health response emerged that higher SES individuals 
were more able to engage in, the SES association with incidence and 

mortality became inverse. SES inequalities often arise when a new dis-
ease is affected either by the structure of a society or as a result of 
concentrated efforts to reduce disease exposure and severity in a way 
that advantages some community members. 

The present study supports previous work contextualizing the rise 
and fall of social inequalities, whereby diseases “transition through four 
stages at a given time: (1) natural mortality, characterized by no 
knowledge about risk factors, preventions, or treatments for a disease in 
a population; (2) producing inequalities, characterized by unequal 
diffusion of innovations; (3) reducing inequalities, characterized by 
increased access to health knowledge; and (4) reduced mortality/disease 
elimination, characterized by widely available prevention and effective 
treatment” (Clouston et al., 2016). Regarding the current pandemic, we 
posited that structural factors are still producing inequalities, as higher 
SES counties experience less spread and fewer deaths as new informa-
tion is diffused and resources are mobilized. Indeed other studies on 
COVID-19 show that neighborhoods in Chicago, IL, with a higher per-
centage of Blacks were associated with increased levels of social 
vulnerability and risk factors (Kim and Bostwick, 2020) and confirm our 
results that emergency conditions present with COVID-19 highlights 
existing SES and racial inequities in the U.S. 

FCT and SOD theories offer frameworks with which to understand 
socioeconomic inequalities in health and disease. In essence, these 
theories drive researchers to ask the question: why is mortality avoid-
able for some and not others? For our finding of growing SES inequalities 
in incidence, these theories point to the fact that as knowledge of the 
threat of COVID-19 grew people of higher SES were more able to shelter 
in place and enact social distancing. People of lower SES, on the other 
hand, were much more likely to be classified as essential workers and 
therefore to live and work in crowded spaces, and to have less adequate 
worker protections. Our finding that inequalities in mortality when 
demand for testing kits and personal protective equipment emerged may 
additionally indicate that communal competition at multiple levels 
including counties and the hospital systems within them. Areas with 
more resources were likely better able to access these badly needed 
resources to accommodate more patients while experiencing a sizable 
“surge” of new patients with a cluster of new symptoms they had not 
seen before (Meng et al., 2020; Singer et al., 2020). Together, our results 
on the influence of SES on COVID incidence and mortality imply that in 
areas with more resources, individual and collective actions allowed 
people to deploy the resources available to them to protect themselves. 
Because of these processes, SES inequalities emerged. 

The entire world is waiting on a COVID-19 vaccine. However, the 
development of a COVID-19 vaccine could exacerbate the patterns 
described here resulting in a further favoring of high SES areas. As with 
Salk’s discovery of poliomyelitis (polio) vaccine, high SES individuals 
with greater access to resources were initially first able to access the 
vaccine (Tan and Ponstein, 2019), Such inequalities are often com-
pounded when vaccinations need to be taken regularly over time to 
reduce disease risk, as has been shown in human papillomavirus in U.S. 
adolescents (Polonijo and Carpiano, 2013), and for influenza vaccina-
tion (Endrich et al., 2009). To the extent that vaccination is made 
accessible, FCT suggests that efforts to improve access in low-risk pop-
ulations might improve distribution and also reduce overall risk since 
those populations are at higher overall risk (Tan and Ponstein, 2019). 
Like the polio vaccine, the COVID-19 vaccine must be rapidly extended 
to the U.S. population irrespective of SES to both reduce health in-
equalities and more efficiently eliminate COVID-19. 

While not the focus of the present study, COVID-19 may increase 
social inequalities in the long-term. Notably, there is a growing litera-
ture that discusses the role of cumulative disadvantage in causing the 
build-up of stress-related and health-related disadvantage. COVID-19 is 
known to affect individuals who have multiple comorbidities at greater 
rates (Atkins et al., 2020). However, there is growing concern about the 
potential for post-COVID-19 syndrome (Davido et al., 2020). This syn-
drome is likely to impact those who were already most disadvantaged, 

Fig. 2. Analyses of population data comparing growth in COVID-19 cases in U. 
S. counties by high (short dashes) versus medium (dashes) and low (solid) so-
cioeconomic status. 95% Confidence Intervals are provided using thin gray 
enclosing envelopes. 

Fig. 3. Analyses of population data comparing COVID-19 mortality rates in U. 
S. counties by high (short dashes) versus medium (dashes) and low (solid) so-
cioeconomic status. 95% Confidence Intervals are provided using thin gray 
enclosing envelopes. 
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thereby amplifying the impacts of a lifetime of exposures (Holuka et al., 
2020). Future work is needed to follow individuals with the 
post-COVID-19 syndrome and determine the longer-term consequences 
of the infection. 

2.1. Limitations 

Though being the first of its kind, the current study has several 
limitations that should be considered when interpreting the results. 
First, because analyses relied on county-level information to elucidate 
processes affecting dynamics in the risk of infection at the population 
level, we could not examine whether individual-level factors might help 
to explain which individuals were exposed to the disease. Nationwide 
individual data do not exist at this juncture. Additionally, despite their 
limitations, county-level data are what policymakers use to determine 
how the disease is spreading, where hot spots are emerging, and what 
sorts of interventions should be deployed. County-level data are suffi-
cient to test the theoretically derived hypotheses we proposed, and we 
contend that the results supporting those predictions are valuable evi-
dence bearing on the validity of the theories (FCT and SOD) that were 
used to derive those predictions. . Since measures are unavailable across 
the U.S. to dynamically and accurately determine rates of testing, we 
could not determine the role of testing as a mediator of the link between 
SES and COVID-related mortality. The lack of information on testing 
limits the resolution of the index case, potentially resulting in delayed 
reporting of index cases in higher SES regions that were affected earlier 
in the pandemic; if so, then results showing early distribution in high- 
SES areas would be conservative. Some estimates have suggested that 
each death due to COVID-19 is accompanied by a second death that went 
undetected and ignored (Ciminelli and Garcia-Mandicó, 2020). If true, 
these effects would likely exacerbate the inequalities shown here as 
counties and states with resources to actively test and monitor the 
epidemic would have more accurate death identification protocols, and 
thus higher reported death rates, while places with less testing would 
have more unobserved or misclassified deaths. 

Discussions about the role of racism during this pandemic have 
highlighted ways in which such racism has disadvantaged the people it 
has targeted. It is hard to study topics at the nexus of poverty and public 
health in the U.S. and not see the influence of institutional racism and 
racist beliefs. Adjustment for percent-Black or Hispanic did not change 
the results; however, this adjustment may not capture the full potential 
for racism in minority outcomes since as noted in the descriptive ana-
lyses here, minorities are concentrated in the most impoverished 
counties. Ongoing research in this field needs to continue to examine 
how COVID-19 affects Black and Latino communities that have had their 
healthcare resources dismantled (Chung et al., 2020) with an inevitable 
result being more severe outcomes (Kim and Bostwick, 2020; Nicola 
et al., 2020). 

3. Conclusion 

The COVID-19 pandemic has placed into stark relief the incredibly 
different circumstances that separate our most disadvantaged pop-
ulations from those who have the privilege of avoiding disease. 
Vulnerability is a central component of risk exposure and outcomes 
associated with disasters and hazards, including COVID-19. However, 
vulnerability is shaped by social, economic, and political contexts 
(Thomas et al., 2013; Thorpe et al., 2016). Consequently, vulnerability 
to global pandemics such as COVID-19 depends on structural factors 
including county-level SES (Kim and Bostwick, 2020; Williams and 
Collins, 2016). Exposures to diseases and the ability to avoid them are 
increasingly embedded within social structures that reflect pre-existing 
patterns of social stratification (Bourgois et al., 2017). This pandemic 
highlights an urgent need to strengthen social protection systems to 
make them more responsive to crises and embed them within human 
rights-based approaches to better support vulnerable populations and 

enact health and social security benefits. In the absence of adequate 
social protection, areas of low SES need to be aware of the potential for 
infections and adopt policies and legislation to both protect public 
health but ensure no aggravation of existing inequalities. 
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