PLOS ONE

Check for
updates

G OPEN ACCESS

Citation: Howland RE, Cowan NR, Wang SS, Moss
ML, Glied S (2020) Public transportation and
transmission of viral respiratory disease: Evidence
from influenza deaths in 121 cities in the United
States. PLoS ONE 15(12): €0242990. https://doi.
org/10.1371/journal.pone.0242990

Editor: Kin On Kwok, Chinese University of Hong
Kong, HONG KONG

Received: April 28, 2020
Accepted: November 12, 2020
Published: December 1, 2020

Copyright: © 2020 Howland et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: All relevant data are
within the paper and its Supporting Information
files.

Funding: We gratefully acknowledge the funding
for this research came from the Robert Wood
Johnson Foundation’s Policies for Action program
(Grant #75822, More information here: https:/
www.policiesforaction.org/hub/new-york-

university-wagner-graduate-school-public-service).

The funders had no role in study design, data

RESEARCH ARTICLE

Public transportation and transmission of
viral respiratory disease: Evidence from
influenza deaths in 121 cities in the United
States

Renata E. Howland®'®*, Nicholas R. Cowan'2*, Scarlett S. Wang'®, Mitchell L. Moss'2®,
Sherry Glied'®

1 Robert F. Wagner Graduate School of Public Service, New York University, New York, NY, United States of
America, 2 Rudin Center for Transportation Policy & Management, New York University, New York, NY,
United States of America

@ These authors contributed equally to this work.
* reh6@nyu.edu

Abstract

One important concern around the spread of respiratory infectious diseases has been the
contribution of public transportation, a space where people are in close contact with one
another and with high-use surfaces. While disease clearly spreads along transportation
routes, there is limited evidence about whether public transportation use itself is associated
with the overall prevalence of contagious respiratory ilinesses at the local level. We examine
the extent of the association between public transportation and influenza mortality, a proxy
for disease prevalence, using city-level data on influenza and pneumonia mortality and pub-
lic transit use from 121 large cities in the United States (US) between 2006 and 2015. We
find no evidence of a positive relationship between city-level transit ridership and influenza/
pneumonia mortality rates, suggesting that population level rates of transit use are not a sin-
gularly important factor in the transmission of influenza.

Introduction

Concern about the role of public transit use in the spread of contagious respiratory diseases is
long-standing, widespread, and very timely. The literature on the epidemiology of influenza,
in particular, dates back to the early 1900s and has historically demonstrated that mortality
from season influenza and pneumonia is concentrated among older adults and among those
with pre-existing health conditions [1, 2]. It also points to sociodemographic characteristics,
including income, race and ethnicity, as possible risk factors potentially because these charac-
teristics are correlated with underlying health conditions or with increases in the probability of
exposure to disease [3].

One source of such increased exposure is hypothesized to be the use of public transit [4].
Public perceptions of transit also reflect this. In an analysis of the severe acute respiratory syn-
drome (SARS) outbreak in 2003, Sadique et a. (2007) found that 75% of respondents reported
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they would avoid public transportation due to concern that it would place them at high risk
for exposure [5]. During the COVID-19 pandemic, substantial reductions in public transit
have in fact been reported in many major cities [6]. For example, even prior to stay-at-home
orders, ridership in New York City subways was down 50% as of March 15, 2020 compared to
the same day the previous year [7]. Despite these concerns, the evidence is mixed about
whether exposure to public transit is any more dangerous than interactions that occur in
schools, workplaces, businesses, religious gatherings, sporting events, and neighborhoods and
whether the use of public transit increases the rate of community transmission of influenza,
even among those who do not themselves use transit.

Based on our review of the literature, few studies have directly examined the potential role
of public transit use in the spread of contagious respiratory diseases. In a study of influenza-
like illness and time spent in the London Underground, Goscé and Johansson (2018) found
that incidence was higher in areas where commutes to Central London involved more contact
with other riders; however, the authors included only one year of data and did not directly
measure the share of people in each borough who ride the underground; instead, they simply
controlled for car ownership [8]. In a small case-control study following the 2008-2009 flu sea-
son, Troko et al. (2011) found that recent bus or tram use was associated with a higher risk of
consulting a general practitioner for acute respiratory infection; however, this finding was
attenuated once the authors controlled for habitual public transit use [9]. By contrast, Adler
et al. (2014) found no correlation between influenza rates and transit commuting patterns
across the United Kingdom based on responses to an internet-based survey in an open com-
munity cohort [10]. Moreover, in an agent-based simulation in New York City, Cooley et al.
(2011) found that only 4.4% of the 2.6 million simulated infections would occur on the subway,
suggesting transit-related interventions would be ineffective in slowing transmission [11].

While transportation of any type is clearly associated with the spread of disease from one
geographic area to another, the role that public transportation plays in the transmission of dis-
ease within a local area is complex and difficult to study. One way to examine the full impact
of mass transit on the spread of influenza is, therefore, to examine data aggregated to the city
level, exploiting the considerable variation in the use of public transit across American cities.
Therefore, we draw from a decade’s worth of city-level influenza/pneumonia mortality and
census-based transit-use data to examine the relationship between community level use of
public transportation and mortality from influenza/pneumonia. It is important to note that we
are not examining whether influenza rates are higher among those who take public transit rela-
tive to those who do not; rather, we are assessing whether community transmission of severe
influenza, including to those who never take transit, is greater in areas where transit use is
higher.

Materials and methods

The Centers for Disease Control and Prevention (CDC) report aggregate data on deaths where
influenza and pneumonia is the underlying or contributing caused listed on death certificates
(since these can be difficult to distinguish, see [2]). We downloaded and summarized CDC
data by city and flu year (July 1, 2006 -June 30, 2016) from 2006 to 2015 for 121 cities in the
US, most of which have populations over 100,000 [12]. To determine the extent of public tran-
sit ridership by city, we downloaded 5-year average American Community Survey (ACS) esti-
mates for the periods 2006-2010 and 2011-2015 [13]. Our primary measure of transit
ridership was based on responses to the question, “How did the person usually get to work
LAST WEEK?”, summarized at the city level as the percentage of individuals over 16 years of
age who take public transportation to work. In sensitivity analyses, we used the percentage of
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the population who commute 60 minutes or more on public transit as the measure of transit
use. We also used the ACS to obtain city-level population estimates, age distributions (percent
of the population <5, 5-24, 25-44, 45-64, and 65+), racial distribution, poverty, median
income, educational attainment, food stamp recipiency, labor force participation, and unem-
ployment rates.

Datasets were merged based on city, state name, and year to construct a city-year data set,
excluding city-years where no data were present (n = 1201). We used negative binomial mod-
els to estimate influenza/pneumonia death counts (summed together), with an offset term for
the population and robust standard errors clustered on city. The baseline model included the
percent of residents using public transit to commute to work, the age distribution (percent of
the population <5, 25-44, 45-64, and 65+), and the flu year modeled as a set of dummy vari-
ables. The adjusted model added census division areas (of which there are nine) to control for
climate-related factors, and city-level percentages of bachelor’s degree or higher, non-white,
below poverty, unemployed, and male. To test the robustness of the model, we repeated the
analysis for each individual year and used linear and Poisson distributions in place of the nega-
tive binomial specification. Because transit use is highly correlated with population density,
and both factors might be expected to contribute to the spread of influenza, we also conducted
a sensitivity analysis controlling for population density.

Since cities may differ in their health care infrastructures, we conducted sensitivity analyses
with two indicators designed to capture the quality of and access to the healthcare system.
First, we obtained influenza vaccination rates for adults 65 years old and older from the CDC’s
Behavioral Risk Factor Surveillance System for approximately 90 overlapping metropolitan
statistical areas [14]. Vaccination rates provide direct protection against influenza and are also
a measure of overall health care quality. Second, we obtained all-cause mortality at the city
level from the CDC [12].

To examine city-specific effects of changes in transit, we ran the analysis for the full period
using fixed effects for each city, identifying the relationship between changes in transit use and
changes in flu across the full period. Because there was very little change in transit use among
cities over this period, we also identified the 10% of cities with the largest absolute increase and
the 10% of cities with the largest absolute decrease in transit use between the two time periods
(2006-2010 and 2011-2015) and plotted the association between the average death rate in the
first three years of the data (2006-2008) and the last three years of data (2013-2015) to deter-
mine whether there was an appreciable change in the death rate. To counter the fact that pneu-
monia cases make up a larger portion of deaths in our rate and that these deaths may be driven
by hospital rather than community acquired infection, we created a ratio of deaths from Octo-
ber 1 -March 30 and from April 1 -September 30. Since flu deaths primarily occur in the fall
and winter, whereas pneumonia deaths occur all year round, this ratio represents a proxy for
flu vs. pneumonia deaths in a given city and year [15]. We then used this ratio in a linear
regression to test its relationship with percent transit, adjusting for all the same variables from
the negative binomial model. As a final sensitivity check against outliers, we conducted a
Monte Carlo study, repeating the adjusted negative binomial model 100 times, and randomly
selecting 75% of cities each time.

Throughout, we report the incidence rate ratio (IRR) for transit ridership and its associated
confidence intervals. Coefficients and standard errors for the full model are provided in the S1
Appendix. All analyses were conducted in SAS 9.4 (Cary, North Carolina). Aggregate, pub-
licly-available data were used for this analysis, therefore this study did not require human sub-
jects research review.
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Table 1. The top and bottom 10 cities by influenza/pneumonia rates for 2015.

Top 10 Cities Flu/Pneumonia Deaths per 100,000 | Total Population |Bottom 10 Cities | Flu/Pneumonia Deaths per 100,000 | Total Population

1 Dayton, OH 329.64 141368 New York, NY 23.44 8426743
2 Birmingham, AL | 325.62 212211 Newark, NJ 23.23 279793
3 Pueblo, CO 292.38 30440 Lynn, MA 21.83 91626

4 | Salt Lake, UT 291.59 190679 New Orleans, LA | 18.58 376738
5 | Peoria, IL 282.27 115847 El Paso, TX 18.19 676325
6 | Knoxville, TN 278.04 183066 Seattle, WA 10.57 653017
7 | Little Rock, AK 270.13 196943 Denver, CO 10.47 649654
8 Tacoma, WA 261.94 203481 Trenton, NJ 7.09 84632

9 | Worcester, MA 245.93 183382 Somerville, MA 3.82 78595
10 | South Bend, IN 227.66 100590 Springfield, MA 0.65 153947

Source: CDC Weekly Influenza/Pneumonia Deaths from 2015 linked with ACS transit data for 2010-2015 by city, which provides population denominators for rates

https://doi.org/10.1371/journal.pone.0242990.t001

Results and discussion

In 2015, influenza/pneumonia death rates ranged from 0.65 per 100,000 in Springfield, MA to
329 per 100,000 in Dayton, OH (Table 1) and public transit ridership ranged from 0.1% in
Pueblo, CO to 57% in New York, NY (Table 2). Fig 1 illustrates the correlation between age-
adjusted influenza /pneumonia death rates and public transit ridership in 2015. We ran the
adjusted negative binomial model with only the age (and flu year) fixed effects and output the
predicted counts, which then were converted to rates using the population estimates. The cor-
relation is negative (-0.525, p<0.001).

In the baseline negative binomial model, the death rate was negatively associated with per-
cent transit (Table 3). For every percent increase in city-level transit ridership, the rate ratio of
influenza/pneumonia deaths, adjusted for age composition, decreased by a factor of 0.98
(IRR =0.980, B = -0.020, SE = 0.006, p-value = 0.0006). Once we added the other covariates
(column B), the relationship remained negative, but was no longer significant (IRR = 0.986, B
=-0.014, SE = 0.007, p-value = 0.0559).

Table 4 reports results for the various sensitivity analyses. In models using Poisson regres-
sion, including flu vaccination as a covariate, limiting the sample to cities where >5% use

Table 2. The top and bottom 10 cities by percent transit commuters in 2015.

Top 10 Cities Percent individuals over 16 years old who take public Bottom 10 Cities Percent individuals over 16 years old who take public
transit to work transit to work
1 | New York, NY 56.50 Lincoln, NE 1.40
2 | Jersey City, NJ 47.62 Little Rock, AR 1.16
3 | Washington, DC | 37.41 Tulsa, OK 1.08
4 | Boston, MA 33.67 Fort Wayne, IN 1.04
5 | San Francisco, 33.14 Colorado Springs, 1.02
CA CO
6 | Somerville, MA | 32.31 Montgomery, AL 0.85
7 | Cambridge, MA | 28.62 Mobile, AL 0.82
8 | Chicago, IL 27.63 Boise, ID 0.76
9 | Newark, NJ 26.74 Wichita, KS 0.66
10 | Yonkers, NY 26.39 Pueblo, CO 0.10

Source: American Community Survey data from 2010-2015 linked with 119 cities from the CDC Weekly Influenza/Pneumonia Deaths from 2015

Note: 2 cities used elsewhere in the analysis do not appear in the 2015 data.

https://doi.org/10.1371/journal.pone.0242990.t002
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Fig 1. Population-adjusted influenza /pneumonia death rates compared with public transit ridership in 121 major cities in the United States, 2015. Source: CDC
Weekly Influenza/Pneumonia Deaths from 2015 linked with ACS transit data for 2010-2015 by city and adjusted by the city age-distribution in a negative binomial

regression.

https://doi.org/10.1371/journal.pone.0242990.9001

transit, using commute time over 60 minutes as the primary exposure, and using the ratio of
fall/winter influenza/pneumonia mortality to spring/summer mortality (columns A-E), the
IRR for the relationship between transit use and influenza/pneumonia mortality remains

Table 3. The association between public transit use and influenza/pneumonia deaths in 121 cities across the
United States between 2006-2015.

Model A Model B

Model

Baseline Negative
Binomial (N = 1201)

Adjusted Negative Binomial (N = 1201)

IRR for transit use
measure (standard error)

0.980*** (0.968, 0.992) 0.986* (0.972, 1.000)

Model Variables

distribution

Includes flu year and age

Also includes region, percent bachelor’s degree or higher,
nonwhite, male, below poverty, and unemployed

Note: All standard errors are clustered by city
*p-value < 0.1

**p-value < 0.05

***p-value < 0.01

https://doi.org/10.1371/journal.pone.0242990.t003
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Table 4. Sensitivity tests on the association between public transit use and influenza/pneumonia deaths in 121 cities across the United States between 2006-2015.

Model A
Model Adjusted
Poisson
(N = 1201)
IRR on % 0.984***
commuting (0.972,
(standard 0.996)
error)
Additional Same as
Variables adjusted
negative
binomial

Model B

Adjusted
Negative
Binomial
including flu
vaccination for
2015 (N = 330)

0.990 (0.972,
1.008)

Same + city flu
vaccination
prevalence
among 65+

Note: All standard errors are clustered by city

*p-value < 0.1
“*p-value < 0.05
***p-value < 0.01

https://doi.org/10.1371/journal.pone.0242990.t004

Model C Model D Model E Model F Model G Model H
Adjusted Adjusted Negative | Adjusted Adjusted Linear Adjusted Fixed Effects
Negative Binomial with Negative Regression with Negative Regression
Binomial exposure as the Binomial outcome as ratio of | Binomial (N =1201)
limited to cities | percent commuting | adjusting for flu to pneumonia | including
with >5% using | >60 minutes total death deaths (N = 963) population
transit (N =1201) count density
(N = 520) (N =1201) (N = 1201)
0.982** (0.964, | 0.993*** (0.985, 0.980*** (0.962, | -0.0004 (-0.002, 1.013 (0.993, 1.01 (0.986,
1.000) 1.001) 0.998) 0.001) 1.033) 1.034)
Same as Same as adjusted Same + total Same as adjusted Same as adjusted | Fixed effects
adjusted negative binomial | deaths by city/ | negative binomial | negative for cities
negative flu year binomial adding
binomial population

density

negative. In the analysis including population density, the IRR for population density (see S1
Appendix) is significantly negative (IRR 0.999, p<0.001), but the IRR for transit use is positive
and non-significant (IRR 1.01). Likewise, in the regression including city-specific fixed effects
(column H), the IRR for transit use is positive (1.01) but not statistically significant.

When we looked at the 10% of cities with the largest increase in transit use (n = 12; average
increase in transit use = 0.02) and the 10% of cities with the largest decrease in transit use (n = 12;
average decrease in transit use = -0.02) between the two time periods, death rates in the early
period appear highly correlated with death rates in the later period for both sets of cities (i.e., they
are clustered fairly symmetrically around the line regardless of whether transit increased or
decreased) (Fig 2). The correlation between the change in death rates in the early and late period
was 0.99 for those cities with the largest decrease and 0.997 for those with the increase.

In 100 simulations of the data using the adjusted negative binomial model, the IRR ranged
from 0.988 to 1.000, with a mean of 0.994. Approximately 99% of all IRR were below 1, imply-
ing that the risk of death was reduced the majority of the time (Fig 3).

Conclusions

Using historical influenza/pneumonia and transit data in the US, we did not find any evidence
supporting the hypothesis that greater use of public transit at the city level is associated with
local influenza and pneumonia mortality rates. These findings are consistent with prior studies
of the relationship between transit use and influenza [8-10], but they do go against convention
wisdom. In several of the cities under consideration, over 1 million riders are taken on public
transit each day, and riders encounter hundreds of other riders, often in closed, indoor spaces.
On the other hand, transit riders generally do not speak to one another and often try to avoid
physical contact. More research is needed on the factors that contribute to transmission of
viruses in this context.

This study has several limitations. First, we merged datasets from various sources based on
city names, however, the geographic boundaries of these cities could be defined differently,
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(n = 24). Source: CDC Weekly Influenza/Pneumonia Deaths from 2006-2016 linked with ACS transit data by city and year for 24 cities with the largest increase and
decrease in transit between 2006-2010 and 2011-2015.

https://doi.org/10.1371/journal.pone.0242990.9002

meaning the percent of influenza/pneumonia deaths and other covariates could be under or
overestimated. Second, this is an ecological study with outcomes and predictors measured at
the city-level; therefore, findings should not be interpreted in terms of individual risk. Third,
commuting to work is only one aspect of how public transportation is used in a city; there
could be meaningful differences in other types of use (e.g., by children, tourists, etc.) that vary
between cities and could influence influenza/pneumonia rates. Fourth, we could not separate
influenza from pneumonia deaths, many of which are driven by hospital/healthcare acquired
infections, not community transmission, creating noise and potentially bias if these infections
are not equally spread within the population. That being said, we found good concordance
between the CDC’s assessment of flu season severity [16] and our proxy of the ratio of influ-
enza to pneumonia cases, suggesting we are capturing differences in flu severity and not just
pneumonia. Specifically, the average ratio of influenza to pneumonia in years that the CDC
identified as low flu was 1.20, the average in years that the CDC identified as moderate was
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from negative binomial model adjusting for flu year, age distribution, region, percent bachelor’s degree or higher, nonwhite, male, below poverty, and
unemployed.

https://doi.org/10.1371/journal.pone.0242990.9003

1.25, the average in years that the CDC identified as high was 1.36. There could be unmeasured
confounders at the city-level that we did not capture here. Finally, influenza deaths are an
imperfect proxy for the prevalence of influenza overall. Influenza mortality conditional on inci-
dence may be confounded by many factors. While we have conducted sensitivity analyses that
address some of these (such as controlling for overall death rates and comparing influenza/
pneumonia mortality during and outside flu season), other confounders likely remain. In par-
ticular, some influenza deaths may not be categorized as either influenza or pneumonia [15].

In conclusion, our research does not address the question of whether, within a city, those who
use public transit are at greater risk than those who do not. However, despite widespread con-
cerns about the role of public transit in diffusing respiratory disease, our findings suggest that the
rate of utilization is not a singularly important factor in the local prevalence of influenza.

Supporting information

S1 Appendix.
(DOCX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0242990 December 1, 2020 8/10


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0242990.s001
https://doi.org/10.1371/journal.pone.0242990.g003
https://doi.org/10.1371/journal.pone.0242990

PLOS ONE

Public transportation and flu

S1 File.
(XLSX)

Author Contributions

Conceptualization: Mitchell L. Moss, Sherry Glied.

Data curation: Renata E. Howland, Nicholas R. Cowan, Scarlett S. Wang.

Formal analysis: Renata E. Howland, Scarlett S. Wang.

Funding acquisition: Sherry Glied.

Investigation: Renata E. Howland, Nicholas R. Cowan, Mitchell L. Moss, Sherry Glied.
Methodology: Scarlett S. Wang, Sherry Glied.

Supervision: Mitchell L. Moss, Sherry Glied.

Visualization: Nicholas R. Cowan.

Writing - original draft: Renata E. Howland, Nicholas R. Cowan.

Writing - review & editing: Nicholas R. Cowan, Scarlett S. Wang, Mitchell L. Moss, Sherry
Glied.

References

1. Collins SD, Frost WH, Gover M, Sydenstricker E. Mortality from influenza and pneumonia in 50 large cit-
ies of the United States, 1910-1929. Ann Arbor, Michigan: Michigan Publishing, University Library,
University of Michigan; 1930 Sep 26.

2. Monto AS. Epidemiology of influenza. Vaccine. 2008 Sep 12; 26:D45-8. https://doi.org/10.1016/].
vaccine.2008.07.066 PMID: 19230159

3. Hutchins SS, Fiscella K, Levine RS, Ompad DC, McDonald M. Protection of racial/ethnic minority popu-
lations during an influenza pandemic. American journal of public health. 2009 Oct; 99(S2):S261-70.
https://doi.org/10.2105/AJPH.2009.161505 PMID: 19797739

4. Blumenshine P, Reingold A, Egerter S, Mockenhaupt R, Braveman P, Marks J. Pandemic influenza
planning in the United States from a health disparities perspective. Emerging infectious diseases. 2008
May; 14(5):709. https://doi.org/10.3201/eid1405.071301 PMID: 18439350

5. Sadique MZ, Edmunds WJ, Smith RD, Meerding WJ, de Zwart O, Brug J, et al. Precautionary behavior
in response to perceived threat of pandemic influenza. Emerg Infect Dis; 2007; 13(9):1307-1313.
https://doi.org/10.3201/eid1309.070372 PMID: 18252100

6. Hawkinds, AJ. Coronavirus is taking a big bite out of public transportation ridership in the US. The
Verge (March 13, 2020). Available at https://www.theverge.com/2020/3/13/21179032/public-
transportation-coronavirus-covid19-ridership-nyc-sf-la-dc. Accessed 9/22/2020.

7. Day-by-day ridership numbers. Metropolitan Transportation Authority. Available at https://new.mta.info/
coronavirus/ridership. Accessed 9/22/2020.

8. Goscé L, Johansson A. Analysing the link between public transport use and airborne transmission:
mobility and contagion in the London underground. Environ Health. 2018; 7(1):84. https://doi.org/10.
1186/s12940-018-0427-5 PMID: 30514301

9. TrokoJ, Myles P, Gibson J, Hashim A, Enstone J, Kingdon S et al. Is public transport a risk factor for
acute respiratory infection. BMC Infectious Diseases. 2011; 11(16). https://doi.org/10.1186/1471-
2334-11-16 PMID: 21235795

10. Adler AJ, Eames KT, Funk S, Edmunds WJ. Incidence and risk factors for influenza-like-iliness in the
UK: online surveillance using flu survey. BMC Infect Dis. 2014; 14(1):232.

11.  Cooley P, Brown S, Cajka J, Chasteen B, Ganapathi L, Grefenstette J, et al. The role of subway travel
in an influenza epidemic: a New York City simulation. J Urban Health. 2011; 88(5):982—-995. https://doi.
org/10.1007/s11524-011-9603-4 PMID: 21826584

PLOS ONE | https://doi.org/10.1371/journal.pone.0242990 December 1, 2020 9/10


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0242990.s002
https://doi.org/10.1016/j.vaccine.2008.07.066
https://doi.org/10.1016/j.vaccine.2008.07.066
http://www.ncbi.nlm.nih.gov/pubmed/19230159
https://doi.org/10.2105/AJPH.2009.161505
http://www.ncbi.nlm.nih.gov/pubmed/19797739
https://doi.org/10.3201/eid1405.071301
http://www.ncbi.nlm.nih.gov/pubmed/18439350
https://doi.org/10.3201/eid1309.070372
http://www.ncbi.nlm.nih.gov/pubmed/18252100
https://www.theverge.com/2020/3/13/21179032/public-transportation-coronavirus-covid19-ridership-nyc-sf-la-dc
https://www.theverge.com/2020/3/13/21179032/public-transportation-coronavirus-covid19-ridership-nyc-sf-la-dc
https://new.mta.info/coronavirus/ridership
https://new.mta.info/coronavirus/ridership
https://doi.org/10.1186/s12940-018-0427-5
https://doi.org/10.1186/s12940-018-0427-5
http://www.ncbi.nlm.nih.gov/pubmed/30514301
https://doi.org/10.1186/1471-2334-11-16
https://doi.org/10.1186/1471-2334-11-16
http://www.ncbi.nlm.nih.gov/pubmed/21235795
https://doi.org/10.1007/s11524-011-9603-4
https://doi.org/10.1007/s11524-011-9603-4
http://www.ncbi.nlm.nih.gov/pubmed/21826584
https://doi.org/10.1371/journal.pone.0242990

PLOS ONE

Public transportation and flu

12

13.

14.

15.

16.

Centers for Disease Control and Prevention. Deaths in 122 U.S. cities—1962—-2016. 122 Cities Mortality
Reporting System. Available at https://healthdata.gov/dataset/deaths-122-us-cities-1962-2016-122-
cities-mortality-reporting-system. Accessed February 28, 2020.

U.S. Census Bureau. American Community Survey. Available at https://www.census.gov/programs-
surveys/acs. Accessed February 28, 2020.

Centers for Disease Control and Prevention. Behavioral Risk Factors Surveillance System. Available at
https://chronicdata.cdc.gov/Behavioral-Risk-Factors/Behavioral-Risk-Factors-Selected-Metropolitan-
Areal/j32a-sabu/data. Accessed March 5, 2020.

Reichert Thomas A., Simonsen Lone, Sharma Ashutosh, Pardo Scott A., Fedson David S., Miller Mark
A. Influenza and the Winter Increase in Mortality in the United States, 1959—1999. American Journal of
Epidemiology, 2004; 160(5):492-502. Available at https://doi.org/10.1093/aje/kwh227 PMID: 15321847

Centers for Disease Control and Prevention. How CDC Classifies Flu Severity. Available at https://
www.cdc.gov/flu/about/classifies-flu-severity.htm. Accessed April 24, 2020.

PLOS ONE | https://doi.org/10.1371/journal.pone.0242990 December 1, 2020 10/10


https://healthdata.gov/dataset/deaths-122-us-cities-1962-2016-122-cities-mortality-reporting-system
https://healthdata.gov/dataset/deaths-122-us-cities-1962-2016-122-cities-mortality-reporting-system
https://www.census.gov/programs-surveys/acs
https://www.census.gov/programs-surveys/acs
https://chronicdata.cdc.gov/Behavioral-Risk-Factors/Behavioral-Risk-Factors-Selected-Metropolitan-Area/j32a-sa6u/data
https://chronicdata.cdc.gov/Behavioral-Risk-Factors/Behavioral-Risk-Factors-Selected-Metropolitan-Area/j32a-sa6u/data
https://doi.org/10.1093/aje/kwh227
http://www.ncbi.nlm.nih.gov/pubmed/15321847
https://www.cdc.gov/flu/about/classifies-flu-severity.htm
https://www.cdc.gov/flu/about/classifies-flu-severity.htm
https://doi.org/10.1371/journal.pone.0242990

