
The Impact of Crowded Housing on COVID-19

Transmission Dynamics in New York City

Sara Venkatraman

Cornell University, Statistics and Data Science

Joint work with Arnab Ghosh, Nathaniel Hupert, Evgeniya Reshetnyak, Orysya

Soroka, Mangala Rajan, Anjile An, John Chae, Chris Gonzalez, Monika Safford

(Weill Cornell Medical College)

1 / 12



Introduction

Hypothesis: People in overcrowded and/or multigenerational

households may be at increased risk of COVID-19 infection

Our work: ZIP code-level analysis of association between

household composition and COVID-19 case counts in NYC
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Our data

COVID-19 (suspected) cases: From NYC Dept. of Health.

• Daily count (over March 2020) of suspected COVID-19 cases in

each NYC ZIP code, presenting to one of 53 emergency depts.

Household composition data: From Census Bureau.

• % of each ZIP’s homes that are overcrowded or multigenerational

• “Overcrowded”: > 1 occupant per room

• “Multigenerational”: grandparents living with grandchildren

Socioeconomic and clinical factors: From Census Bureau and CDC.

For each ZIP:

• Median income, % of essential workers, racial composition

• Prevalence of obesity, hypertension, diabetes, smoking
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Spatial distribution of suspected COVID-19 cases
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Spatial distribution of suspected COVID-19 cases
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Modeling with Poisson regression

Poisson regression model of suspected COVID-19 case counts in

each ZIP over time as a function of several covariates:

log
(

Case count in
ZIP i at time t

)
= β0 + β1t + β2Ci + β3Mi +

(
Other variables

for ZIP i

)
• t = time in days since March 1, 2020

• Ci = % of homes that are overcrowded in ZIP i

• Mi = % of homes that are multigenerational in ZIP i

• Other variables for ZIP i :

◦ % of ZIP i with heart disease, obesity, smoking habits

◦ ZIP i ’s median income, % essential workers, racial/ethnic

composition
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Modeling with Poisson regression (continued)

However, standard Poisson regression assumes case counts are

independent of each other in space and time.

We can account for spatio-temporal structure by modeling ZIP

case count as:

• Conditionally autoregressive in space

(a “Besag-York-Mollié” model)

• A random walk in time

Poisson regression models with these assumptions can be fit in

R with the INLA package.
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Poisson spatio-temporal modeling

General form of Besag-York-Mollié model, with a temporal component:

log
(

Case rate in
area i at time t

)
= β0 + Xiβ + ui + γt + vi + φt

• β0 = average case rate across all areas

• Xiβ = vector of explanatory spatial covariates (e.g., ZIP code’s % of

overcrowded/multigenerational housing, median income, etc.)

• ui = conditionally autoregressive spatial effect. Normally distributed

with mean 1
|Ni |

∑
j∈Ni

uj , where Ni = indices of neighboring areas

• γt = temporal effect modeled as random walk: γt − γt−1 is normally

distributed with mean 0

• vi , φt = unstructured residuals accounting for other variation in

space/time
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Model results
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Model results (continued)
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Conclusions

• Increased proportions of households that are overcrowded

and/or multigenerational are associated with increased

infection rates, after accounting for relevant risk factors

• Corroborates previous studies analyzing:

◦ Racial and economic disparities in COVID-19 case rates

◦ Correlation between infection and transmission proximity

• Ongoing work: examining the impact of school closures and

social distancing orders on infection rates in crowded

neighborhoods
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Thank you!

Sara Venkatraman

skv24@cornell.edu

https://sara-venkatraman.github.io
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