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Racism is a fundamental cause of health disparities (Link and Phelan, 1995; Pirtle, 2020; 

Williams and Collins, 2001). Fundamental causes take dynamic pathways to cause multiple 

disparate health outcomes. Disparities in Black and white health, specifically, are due to past 

and present racism and structural inequities such as hyperincarceration, segregation, and 

discriminatory housing and employment policies (Pirtle, 2020; Williams and Collins, 2001). 

The recent paper by Richardson et al. (2021) identified two mechanisms that link racism to 

higher risk of SARS-CoV-2 infection for Black Americans: Black workers overrepresented 

in front-line work, and living in higher density housing (Richardson et al., 2021). Then they 

used epidemic modeling to examine how reparations payments to Black Americans in 

Louisiana could impact variables that determine the COVID-19 reproductive ratio, R0. 

Rarely have epidemic models for infectious diseases incorporated structural drivers of health 

disparities, thus it is commendable that this paper extended their modeling approach to 

include such drivers. However, in order to parameterize modeling frameworks to 

accommodate these larger historic and structural drivers, significant assumptions regarding 

causal pathways that link structural drivers to explicit mediating mechanisms in the models 

are needed. Classically trained epidemiologists and social scientists are taught to be wary of 

assumptions that lack robust empirical evidence. Nonetheless, epidemic modeling is indeed 

the platform in which we can, and some may argue should, explore the space of imagined or 

“radical approaches to public health problems” (Schwartz et al., 2016). Given the urgency 

and critical need to combat racial disparities in health, epidemic models that evaluate large-

scale, structural interventions should be a significant part of scientific discourse (Richardson 

et al., 2021). Thus, we hope that this paper and our response will act as a call for others to 

develop innovative epidemic models to further examine historical and current structural 

drivers of infectious disease disparities. Two important developments are needed. First, 

further research must clarify and parameterize the intervening mechanisms that link racism 

and other structural factors to health disparities. Second, as the authors state, the academic 

community needs to embrace creative and imaginative alternatives when objective, well-

defined parameters are not available.
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Epidemic models of infectious disease have long been used to evaluate the impact of 

interventions on population-level health outcomes (Garnett, 2002; Heesterbeek et al., 2015). 

Over the past 20 years, significant progress has been made in incorporating social and 

behavioral determinants in epidemic models (Cassels et al., 2008), and thus modeling has 

been an important component in supporting societal-level interventions to reduce health 

disparities. For example, epidemic modeling has been critical in examining racial disparities 

in HIV (Goodreau et al., 2017), as well as assessing social and behavioral interventions 

(Jenness et al., 2019). These models have been bolstered by substantial empirical research to 

parameterize the proximate biological and behavioral determinants, such as selective mixing 

by race or serostatus (Beck et al., 2015; Birkett et al., 2019). The next wave of epidemic 

modeling needs to incorporate ‘upstream,’ distal drivers of health disparities (Shannon et al., 

2015). Epidemic models should be used to examine a) how past and present structural 

drivers affect health disparities, and b) evaluate the potential impact of structural 

interventions. The key challenge is that we do not always have ‘objective,’ well-defined 

parameters to represent the complex realities and causal pathways of structural drivers of 

health disparities.

The first step to improve epidemic modeling frameworks so that they can integrate historical 

and structural determinants of health disparities is to improve parameterization. Capturing 

the multitude of mechanisms through which hyper-incarceration influences contact rates in 

one parameter is an example of the challenges posed by the inclusion of structural forces in 

epidemic modeling. Hyper-incarceration may affect race-specific contact rates differently by 

age, or by the age composition of households. For instance, patterns of age-mixing and risk 

of SARS-CoV2 transmission are quite different in multi-generational households (Dowd et 

al., 2020). We also must understand the effects of timing and sequence of interventions. How 

long before the pandemic would the reparations needed to have been in place to have the 

effects on health proposed by the authors? Because the housing supply is relatively inelastic 

and housing prices typically increase in response to positive income shocks (Harter-

Dreiman, 2004), the implications of reparations on housing quality and location may be 

lagged. What is the ideal sequence in which individuals and families receive reparations? 

How might inequities in implementation influence the efficacy of the intervention? With 

improved empirical data, we can examine these additional questions with current models.

Systematically approaching epidemic modeling to assess potential impacts of racial-justice 

and other higher-order interventions should be the gold standard. However, this work must 

be carried out, and more importantly, openly received in the scientific community, even if 

the parameterization process is less well-defined. The authors called this an imaginative 

modeling exercise, and we would like to support and amplify this concept. The demand for 

health equity and racial-justice interventions is great, but empirical evidence of racial-justice 

interventions is lacking. (Richardson et al., 2021) claim that racial-justice interventions 

being inadequately explored could be considered a form of symbolic violence. Due to the 

lack of empirical evidence, systematic parameterization of this type of structural intervention 

is not yet available, and thus this process continues to suppress further research. Breaking 

this chain of oppression by using epidemic models as imaginative exercises can have long 

lasting impacts. Albeit a different topic and disease, one can point to another imaginative 

modeling exercise that had positive impacts. Published in the Lancet in 2008 was an 
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epidemic model assessing universal HIV testing and treatment as a way to end the HIV 

epidemic (Granich et al., 2009). To many, this model was unrealistic and seemed like a 

radical idea at the time (Dodd et al., 2010). Regardless of whether that model was precise 

with well-defined parameters, it instigated debate and additional research, and pushed the 

field forward. Similar to the Granich et al. article, we consider [this paper] as a conversation 

starter. At best, the model is correct, and provides a precise estimate of how a racial-justice 

intervention can reduce Black-white disparities in SARS-CoV-2 transmission rates. At 

worst, the model sparks conversation, debate, and inspires additional research that could 

result in creative interventions to reduce health disparities. As long as model assumptions 

and uncertainties are presented clearly, imaginative modeling exercises will have an 

important role in advancing science.

As an example, we discuss how epidemic modeling could be employed to explore the 

efficacy of various interventions for another group disproportionately impacted by 

COVID-19: people experiencing homelessness. Racial and ethnic minorities are 

overrepresented in the US homeless population; nearly 40% of people experiencing 

homelessness are Black (HUD, 2020). The homeless population has a high median age 

(Culhane et al., 2019) and high rates of communicable and non-communicable diseases 

(Fazel et al., 2014). Many of these diseases are comorbidities for COVID-19 and could 

increase vulnerability to infection and complications (Perri et al., 2020). Additionally, the 

homeless population is more likely to be transient and live in congregate settings, factors 

which pose obstacles for compliance with public health orders and disease prevention and 

treatment (Hsu et al., 2020; Perri et al., 2020). The CDC is currently advocating for reduced 

shelter capacity to adhere to social distancing guidelines and the maintenance of 

encampments unless individual housing units are available (California Department of Public 

Health, 2020; Centers for Disease Control and Prevention, 2020). An early estimate 

demonstrated high risk among the homeless population for infection, hospitalization, and 

death from COVID-19, and the authors calculated the cost of meeting the CDC requirements 

for the existing homeless population at roughly $11.5 billion (Culhane et al., 2020). 

However, this study only addresses the existing homeless population in a time when 

economic crisis will likely increase homelessness, and it uses a homogenous infection rate 

(Culhane et al., 2020). An epidemic modeling approach is needed to capture differential risk 

for COVID-19 and consider the efficacy of large-scale interventions such as near-universal 

rapid rehousing (an intervention that prioritizes returning a household to permanent housing 

and minimizing time spent in congregate settings (HUD, 2014)). Due to structural inequities 

and stigma, compliance with public health measures like sheltering in place and social 

distancing require a level of privilege that is denied to people experiencing homelessness 

(Perri et al., 2020).

The crisis of COVID-19 among the homeless population and other at-risk populations 

presents “a moral imperative to act” (Coughlin et al., 2020), and an opportunity to start 

conversations about making substantive change in the future through new approaches to 

epidemic modeling. The presence and impact of structural and institutional inequities and 

pervasive health inequalities necessitate change. One way in which academics can contribute 

to change is by using epidemic models to creatively examine fundamental solutions to public 

health problems.

Cassels and Van Den Abbeele Page 3

Soc Sci Med. Author manuscript; available in PMC 2021 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Acknowledgements

This work was funded in part by the NIH (R21 DA049643).

References

Beck EC, Birkett M, Armbruster B, Mustanski B, 2015. A data-driven simulation of HIV spread 
among young men who have sex with men: role of age and race mixing and STIs. Jaids-Journal of 
Acquired Immune Deficiency Syndromes 70 (2), 186–194. 10.1097/Qai.0000000000000733.

Birkett M, Neray B, Janulis P, Phillips G, Mustanski B, 2019. Intersectional identities and HIV: race 
and ethnicity drive patterns of sexual mixing. AIDS Behav. 23 (6), 1452–1459. 10.1007/
s10461-018-2270-7. [PubMed: 30242531] 

California Department of Public Health, 2020. Recommended Strategic Approaches for COVID-19 
Response for Individuals Experiencing Homelessness.

Cassels S, Clark SJ, Morris M, 2008. Mathematical models for HIV transmission dynamics - tools for 
social and behavioral science research. Jaids-Journal of Acquired Immune Deficiency Syndromes 
47, S34–S39. 10.1097/QAI.0b013e3181605da3.

Centers for Disease Control and Prevention, 2020. Interim guidance for homeless service providers to 
plan and respond to coronavirus disease 2019 (COVID-19). Retrieved from. https://www.cdc.gov/
coronavirus/2019-ncov/community/homeless-shelters/unsheltered-homelessness.html.

Coughlin CG, Sandel M, Stewart AM, 2020. Homelessness, children, and COVID-19: a looming 
crisis. Pediatrics 146 (2).

Culhane DP, Doran K, Schretzman M, Johns E, Treglia D, Byrne T, Kuhn R, 2019. The emerging crisis 
of aged homelessness in the US: could cost avoidance in health care fund housing solutions? 
International Journal of Population Data Science 4(3).

Culhane DP, Treglia D, Steif K, Kuhn R, Byrne T, 2020. Estimated emergency and observational/
quarantine bed need for the US homeless population related to COVID-19 exposure by county; 
projected hospitalizations, intensive care units and mortality. Retrieved from. https://
escholarship.org/content/qt9g0992bm/qt9g0992bm.pdf.

Dodd PJ, Garnett GP, Hallett TB, 2010. Examining the promise of HIV elimination by ‘test and treat’ 
in hyperendemic settings. Aids 24 (5). 10.1097/QAD.0b013e32833433fe, 729–U128. [PubMed: 
20154580] 

Dowd JB, Andriano L, Brazel DM, Rotondi V, Block P, Ding XJ, Mills MC, 2020. Demographic 
science aids in understanding the spread and fatality rates of COVID-19. Proc. Natl. Acad. Sci. 
U.S.A 117 (18), 9696–9698. 10.1073/pnas.2004911117. [PubMed: 32300018] 

Fazel S, Geddes JR, Kushel M, 2014. The health of homeless people in high-income countries: 
descriptive epidemiology, health consequences, and clinical and policy recommendations. Lancet 
384 (9953), 1529–1540. 10.1016/S0140-6736(14)61132-6. [PubMed: 25390578] 

Garnett GP, 2002. An introduction to mathematical models in sexually transmitted disease 
epidemiology. Sex. Transm. Infect 78 (1), 7–12. 10.1136/sti.78.1.7. [PubMed: 11872850] 

Goodreau SM, Rosenberg ES, Jenness SM, Luisi N, Stansfield SE, Millett GA, Sullivan PS, 2017. 
Sources of racial disparities in HIV prevalence in men who have sex with men in Atlanta, GA, 
USA: a modelling study. Lancet Hiv 4 (7), E311–E320. 10.1016/S2352-3018(17)30067-X. 
[PubMed: 28431923] 

Granich RM, Gilks CF, Dye C, De Cock KM, Williams BG, 2009. Universal voluntary HIV testing 
with immediate antiretroviral therapy as a strategy for elimination of HIV transmission: a 
mathematical model. Lancet 373 (9657), 48–57. 10.1016/S0140-6736(08)61697-9. [PubMed: 
19038438] 

Harter-Dreiman M, 2004. Drawing inferences about housing supply elasticity from house price 
responses to income shocks. J. Urban Econ 55 (2), 316–337. 10.1016/j.jue.2003.10.002.

Heesterbeek H, Anderson RM, Andreasen V, Bansal S, De Angelis D, Dye C, Collaboration INII, 
2015. Modeling infectious disease dynamics in the complex landscape of global health. Science 
347 (6227), 1216–U1229.

Cassels and Van Den Abbeele Page 4

Soc Sci Med. Author manuscript; available in PMC 2021 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.cdc.gov/coronavirus/2019-ncov/community/homeless-shelters/unsheltered-homelessness.html
https://www.cdc.gov/coronavirus/2019-ncov/community/homeless-shelters/unsheltered-homelessness.html
https://escholarship.org/content/qt9g0992bm/qt9g0992bm.pdf
https://escholarship.org/content/qt9g0992bm/qt9g0992bm.pdf


Hsu HE, Ashe EM, Silverstein M, Hofman M, Lange SJ, Razzaghi H, Goodman AB, 2020. Race/
ethnicity, underlying medical conditions, homelessness, and hospitalization status of adult patients 
with COVID-19 at an urban safety-net medical center - boston, Massachusetts, 2020. Mmwr-
Morb. Mortal. Week. Rep 69 (27), 864–869. 10.15585/mmwr.mm6927a3.

HUD, 2014. Rapid Re-housing brief. Retrieved from. https://files.hudexchange.info/resources/
documents/Rapid-Re-Housing-Brief.pdf.

HUD, 2020. The 2019 annual homeless assessment report (AHAR) to congress: Part 1 point-in-time 
estimates of homelessness in the U.S. Retrieved from. https://www.huduser.gov/portal/sites/
default/files/pdf/2019-AHAR-Part-1.pdf.

Jenness SM, Maloney KM, Smith DK, Hoover KW, Goodreau SM, Rosenberg ES, Sullivan PS, 2019. 
Addressing gaps in HIV preexposure prophylaxis care to reduce racial disparities in HIV incidence 
in the United States. Am. J. Epidemiol 188 (4), 743–752. 10.1093/aje/kwy230. [PubMed: 
30312365] 

Link BG, Phelan J, 1995. Social conditions as fundamental causes of disease. J. Health Soc. Behav 35, 
80–94. 10.2307/2626958.

Perri M, Dosani N, Hwang SW, 2020. COVID-19 and people experiencing homelessness: challenges 
and mitigation strategies. Can. Med. Assoc. J 192 (26), E716–E719. 10.1503/cmaj.200834. 
[PubMed: 32601252] 

Pirtle WNL, 2020. Racial capitalism: a fundamental cause of novel coronavirus (COVID-19) pandemic 
inequities in the United States. Health Educ. Behav. 47 (4), 504–508. [PubMed: 32338071] 

Richardson ET, Malik MM, Darity WA Jr., Mullen AK, Morse ME, Malik M, Maybank A, Bassett 
MT, Farmer PE, Worden L, Jones JA, 2021. Reparations for Black American descendants of 
persons enslaved in the U.S. and their potential impact on SARS-CoV-2 transmission. Soc. Sci. 
Med 10.1016/j.socscimed.2021.113741.

Schwartz S, Prins SJ, Campbell UB, Gatto NM, 2016. Is the “well-defined intervention assumption” 
politically conservative? Soc. Sci. Med 166, 254–257. 10.1016/j.socscimed.2015.10.054. 
[PubMed: 26777446] 

Shannon K, Strathdee SA, Goldenberg SM, Duff P, Mwangi P, Rusakova M, Boily MC, 2015. Global 
epidemiology of HIV among female sex workers: influence of structural determinants. Lancet 385 
(9962), 55–71. 10.1016/S0140-6736(14)60931-4. [PubMed: 25059947] 

Williams DR, Collins C, 2001. Racial residential segregation: a fundamental cause of racial disparities 
in health. Publ. Health Rep 116 (5), 404–416. 10.1093/phr/116.5.404.

Cassels and Van Den Abbeele Page 5

Soc Sci Med. Author manuscript; available in PMC 2021 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://files.hudexchange.info/resources/documents/Rapid-Re-Housing-Brief.pdf
https://files.hudexchange.info/resources/documents/Rapid-Re-Housing-Brief.pdf
https://www.huduser.gov/portal/sites/default/files/pdf/2019-AHAR-Part-1.pdf
https://www.huduser.gov/portal/sites/default/files/pdf/2019-AHAR-Part-1.pdf

	References



