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Ecological fallacy in COVID-19
epidemiological inference: Influenza
vaccination rate as an example
To the Editor,

While the effective vaccines against COVID-19 are not yet
broadly available, recent studies have suggested that prior
vaccination to tuberculosis and influenza would confer
some protection against COVID-19.1,2 We conducted an
ecological study to evaluate the association between the
influenza vaccine coverage percentage and cumulative
incidence rate, cumulative mortality rate, and case fatality
risk in the United States of America (USA).

The data of the cumulative number of COVID-19 cases
and deaths in each state from Feb 1st to Apr 30th was ob-
tained from the Centers for Disease Control and Prevention
(CDC) of the USA. The total population, population density,
average temperature and humidity, and the influenza vac-
cine coverage percentage of each state were collected
from the USA Census Bureau, the National Climatic Data
Center and the USA CDC, respectively.

The cumulative incidence and mortality of COVID-19 of
each state were identified as the numbers of cumulative
cases and deaths divided by the population. The case fa-
tality risk was calculated as the ratio of the cumulative
number of deaths to the cumulative number of confirmed
COVID-19 cases. All the variables were categorized into
categorical variables.

Poisson regression analysis was used to assess the
adjusted rate ratio (RR) and 95% confidence intervals (CIs)
on the cumulative incidence and the mortality rate. Lo-
gistic regression analysis was used to evaluate the
adjusted odds ratio (OR) and 95% CIs for the case-fatality
risk. Statistical analyses were performed using SAS sta-
tistical software (version 9.4; SAS Institute, Cary, NC,
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USA). A p-value of less than 0.05 was considered statisti-
cally significant.

After adjusting for the weather parameters and popu-
lation density, the RRs of influenza vaccine coverage per-
centages over 40% were 0.48 (95% CIs, 0.47e0.48) and 0.43
(95% Cls, 0.42e0.44) on the cumulative incidences and
mortality rates, respectively. The adjusted OR was 0.89
(95% CIs, 0.87e0.91) on the case fatality risk of the COVID-
19 (Table 1).

The results showed that the influenza vaccine coverage
percentage over 40% had a potential protective effect
against the COVID-19 pandemic in the USA. However, a
fallacy in COVID-19 epidemiological inference may arise
from an ecological study such as this. The data in this study
is at the population level that the aggregateelevel corre-
lation and the individual-level correlation may differ
greatly or even in opposite signs.1,3 Also, receiving the
influenza vaccine would be a surrogate for race disparities
or socioeconomic status. For example, underserved
African-Americans had a lower rate of influenza vaccina-
tion.4 Asians had a relatively higher rate of vaccination5 and
were more likely to wear masks than non-Asians. The
ecological study aimed to generate a hypothesis that it
should be validated by future large-scale, individual-level
studies. Adjusting for potential confounders is mandatory
for any legitimate causal inference. Current evidence
regarding the protective effect of the influenza vaccine
against the COVID-19 was still conflicting.1e3 The informa-
tion provided in this study should be interpreted with
caution for the containment of COVID-19 outbreaks in the
unavailability of COVID-19 vaccines.
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Table 1 The adjusted effects of variables on the COVID-19 outbreaks in the Unites States of America.

Variables Cumulative incidence ratea

RR*adjusted (95% CIs)
Cumulative mortality ratea

RRadjusted (95% CIs)
Case fatality riska

OR*adjusted (95% CIs)

Average temperatureb

�50�F 1 1 1
>50�F 0.24 (0.24e0.24) 0.16 (0.16e0.17) 0.69 (0.68e0.71)

Relative humidityb

<40% 1 1 1
40% to 60% 0.51 (0.50e0.52) 0.446 (0.40e0.50) 0.82 (0.73e0.91)
�60% 0.26 (0.25e0.27) 0.20 (0.16e0.25) 1.01 (0.92e1.12)

Population densityc

>120 persons/mile2 1 1 1
�120 persons/mile2 0.38 (0.38e0.39) 0.31 (0.30e0.32) 0.88 (0.86e0.91)

Influenza vaccine coveraged

�40% 1 1 1
>40% 0.48 (0.47e0.48) 0.43 (0.42e0.44) 0.89 (0.87e0.91)

Abbreviations: RR: risk ratio, CI: confidence interval, OR: odds ratio.
a Coronavirus Disease 2019: Cases in the U.S. Vol 2020: Centers for Disease Control and Prevention 2020. Available from https://www.

cdc.gov/coronavirus/2019-ncov/cases-updates/cases-in-us.html. Accessed May 01, 2020.
b National Climatic Data. Vol 2020: National Climatic Data Center; 2020. https://www.ncdc.noaa.gov/dataaccess. Accessed May 01,

2020.
c State Population Totals and Components of Change: 2010e2019. Vol 2020: US Census Bureau 2020. Available from https://www.

census.gov/data/tables/time-series/demo/popest/2010s-state-total.html. Accessed May 01, 2020.
d Flu Vaccination Coverage, United States, 2018e19 Influenza Season. Vol 2020: Centers for Disease Control and Prevention 2020.

https://www.cdc.gov/flu/fluvaxview/coverage-1819estimates.htm. Accessed May 01, 2020.
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