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IMPORTANCE Efforts to track the severity and public health impact of coronavirus disease
2019 (COVID-19) in the United States have been hampered by state-level differences in
diagnostic test availability, differing strategies for prioritization of individuals for testing, and
delays between testing and reporting. Evaluating unexplained increases in deaths due to all
causes or attributed to nonspecific outcomes, such as pneumonia and influenza, can provide
a more complete picture of the burden of COVID-19.
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OBJECTIVE To estimate the burden of all deaths related to COVID-19 in the United States

from March to May 2020.
DESIGN, SETTING, AND POPULATION This observational study evaluated the numbers of
US deaths from any cause and deaths from pneumonia, influenza, and/or COVID-19 from
March 1 through May 30, 2020, using public data of the entire US population from the
National Center for Health Statistics (NCHS). These numbers were compared with those
from the same period of previous years. All data analyzed were accessed on June 12, 2020.
MAIN OUTCOMES AND MEASURES Increases in weekly deaths due to any cause or deaths due
to pneumonia/influenza/COVID-19 above a baseline, which was adjusted for time of year,
influenza activity, and reporting delays. These estimates were compared with reported
deaths attributed to COVID-19 and with testing data.
RESULTS There were approximately 781 000 total deaths in the United States from March 1
to May 30, 2020, representing 122 300 (95% prediction interval, 116 800-127 000) more
deaths than would typically be expected at that time of year. There were 95 235 reported
deaths officially attributed to COVID-19 from March 1 to May 30, 2020. The number of excess
all-cause deaths was 28% higher than the official tally of COVID-19–reported deaths during
that period. In several states, these deaths occurred before increases in the availability of
COVID-19 diagnostic tests and were not counted in official COVID-19 death records. There
was substantial variability between states in the difference between official COVID-19 deaths
and the estimated burden of excess deaths.
CONCLUSIONS AND RELEVANCE Excess deaths provide an estimate of the full COVID-19
burden and indicate that official tallies likely undercount deaths due to the virus. The
mortality burden and the completeness of the tallies vary markedly between states.
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T

he novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) first emerged in December 2019 in
Wuhan, China, and rapidly grew into a global pandemic.1
Without adequate capacity to test for SARS-CoV-2, the virus
that causes coronavirus disease 2019 (COVID-19), during the
early part of the pandemic, laboratory-confirmed cases captured only an estimated 10% to 15% of all infections.2 As a
result, estimating the number of deaths caused by COVID-19
is a challenge.
Questions have been raised about the reported tallies of
deaths related to COVID-19 in the United States. Some officials have raised concerns that deaths not caused by the virus
were improperly attributed to COVID-19, inflating the reported tolls. However, given the limited availability of viral
testing and the imperfect sensitivity of the tests,3,4 there have
likely been a number of deaths caused by the virus that were
not counted. Furthermore, if patients with chronic conditions turn away from the health care system because of concerns about potential COVID-19 infection, there could be increases in certain categories of deaths unrelated to COVID-19.
In the midst of a large outbreak, there is also an unavoidable
delay in the compilation of death certificates and ascertainment of causes of death. Overall, the degree of testing, criteria for attributing deaths to COVID-19, and the length of reporting delays are expected to vary between states, further
complicating efforts to obtain an accurate count of deaths
related to the pandemic.
To estimate the mortality burden of a new infectious agent
when there is a lack of comprehensive testing, it is common
to assess increases in rates of death beyond what would be expected if the pathogen had not circulated.5-7 The “excess death”
approach can be applied to specific causes of death directly related to the pathogen (eg, pneumonia or other respiratory conditions), or this approach can be applied to other categories of
deaths that may be directly or indirectly influenced by viral
circulation or pandemic interventions (eg, cardiac conditions, traffic injuries, or all causes). The excess deaths methodology has been used to quantify official undercounting of
deaths for many pathogens, including pandemic influenza
viruses and HIV.7-9
In this study, we estimate the excess deaths due to any
cause in each week of the COVID-19 pandemic across the United
States. We compare these estimates of excess deaths with the
reported numbers of deaths due to COVID-19 in different states
and evaluate the timing of these increases in relation to testing and pandemic intensity. These analyses provide insights
into the burden of COVID-19 in the early months of the outbreak in the United States and serve as a surveillance platform that can be updated as new data accrue.

Methods
Data
Data on deaths due to pneumonia, influenza, and COVID-19
(International Statistical Classification of Diseases and
Related Health Problems, Tenth Revision codes U07.1 or J09J18) and on deaths due to all causes were obtained from the
E2

Key Points
Question Did more all-cause deaths occur during the first
months of the coronavirus disease 2019 (COVID-19) pandemic
in the United States compared with the same months during
previous years?
Findings In this cohort study, the number of deaths due to
any cause increased by approximately 122 000 from March 1
to May 30, 2020, which is 28% higher than the reported number
of COVID-19 deaths.
Meaning Official tallies of deaths due to COVID-19 underestimate
the full increase in deaths associated with the pandemic in
many states.

National Center for Health Statistics (NCHS) mortality surveillance system.10 Data were stratified by state and week.
Data on all-cause deaths in previous years were obtained
from https://data.cdc.gov/resource/pp7x-dyj2 and https://data.
cdc.gov/resource/muzy-jte6. Data on all-cause deaths and
pneumonia/influenza/COVID-19 deaths since January 26,
2020, were obtained from https://data.cdc.gov/resource/
r8kw-7aab. The NCHS data are based on the state where the
death occurred rather than the state of residence.
The NCHS reports deaths as they are received from the
states and processed; counts of deaths from recent weeks
are highly incomplete, reflecting delays in reporting. These
“provisional” counts are updated regularly for past weeks, and
the counts are not finalized until more than a year after the
deaths occur.
Historical data on the proportion of deaths due to pneumonia and influenza in previous years were obtained from
Centers for Disease Control and Prevention (CDC) weekly influenza death reports (https://gis.cdc.gov/grasp/fluview/
mortality.html) via the cdcfluview package in R (R Foundation),
and these were used to determine the number of pneumonia
and influenza deaths in the baseline period. All data were
accessed June 12, 2020.
Connecticut and North Carolina were missing mortality
data for recent months and were therefore excluded from the
analyses and from the baseline numbers.
We also compiled data on COVID-19–related morbidity
to gauge the timing and intensity of the pandemic in different locations. We used CDC data on influenza-like illness,11 a
long-standing indicator of morbidity due to acute respiratory
infections, which has been used to monitor COVID-19. We also
obtained information on influenza virus circulation to adjust
baseline estimates.12 See the eAppendix in the Supplement
for details.
To compare our excess mortality estimates with official
COVID-19 tallies, we compiled weekly numbers of reported
deaths due to COVID-19 in each state from the NCHS,13 and
these data were supplemented with data from the COVID
Tracking Project.14 State-specific testing information was
obtained from the COVID Tracking Project14
These analyses use publicly available aggregate data and
were deemed exempt from human subjects review by the
Yale institutional review board (protocol 1411014890).
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Excess Mortality and Morbidity Analysis

Code and Data Availability

To calculate the number of excess deaths, we first needed to
estimate the baseline number of deaths in the absence of
COVID-19. We then subtracted the expected number of deaths
in each week from the observed number of deaths for the
period March 1, 2020, to May 30, 2020.
Each of the 48 states (excluding North Carolina and Connecticut) and the District of Columbia were analyzed individually. We fit Poisson regression models to the weekly statelevel death counts from January 5, 2015, to January 25, 2020
(see the eAppendix in the Supplement for details). The baseline was then projected forward until May 30, 2020, to generate baseline deaths; excess mortality was defined as the observed mortality minus the baseline for the pandemic period
March 1, 2020, to May 30, 2020. The baseline model was adjusted for seasonality, year-to-year baseline variation, influenza epidemics, and reporting delays. The model for pneumonia/influenza/COVID-19 mortality used all-cause deaths as
a denominator and did not have a separate adjustment for
reporting delays. Poisson 95% prediction intervals were estimated by sampling from the uncertainty distributions for the
estimated model parameters.15 Pennsylvania was not highlighted in the data despite having a large number of excess
deaths because the data were incomplete during March 2020.
Deaths for New York City are reported separately by the NCHS,
and we report estimates for New York City and the rest of New
York State separately. To obtain national-level estimates, the
observed count and predicted counts (median estimate from
the model) for each state were summed for each week and compared. Estimates for excess all-cause deaths were rounded
to the nearest 100 and for excess pneumonia/influenza/
COVID-19 deaths to the nearest 10. Medians and 95% prediction intervals are presented.

The analyses were run using R version 3.6.1. All analysis scripts
and archives of the data are available at https://doi.org/10.
5281/zenodo.3893882 and the current version of the repository is available at https://github.com/weinbergerlab/excess_
pi_covid. More details about the data and methods are in the
eAppendix in the Supplement.

Adjusting for Reporting Delays
Reporting delays make it challenging to estimate excess deaths
for recent weeks. To adjust for incomplete data in recent weeks,
we adjusted the baseline based on an estimate for data completeness in that week. The estimate of completeness is based
on the number of weeks that passed between the week in which
the data set was obtained and the week in which the death occurred. We used a modified version of the NobBS package in
R to estimate the proportion of deaths that were reported for
each date and incorporated that as an adjustment in the main
analysis16 (eAppendix in the Supplement). For instance, if we
estimated that the data were 75% complete for a particular
week, we multiplied the baseline by 0.75. These reporting
delays were estimated using provisional data for deaths that
occurred since March 29, 2020, and thus reflect changes in
reporting that might have occurred during the pandemic.
The completeness of the data varied markedly between states
(eFigure 1 in the Supplement).
A study by Woolf et al17 of excess deaths in the US used the
same database and a related harmonic regression method. The
main differences in methodology are that Woolf et al did not
adjust for reporting delays, the study period ended on April
25, 2020, and that study controlled for time trends using an
adjustment for calendar year rather than epidemiological year.
jamainternalmedicine.com

Results
Across the United States, there were 95 235 reported deaths officially attributed to COVID-19 from March 1 to May 30, 2020.
In comparison, there were an estimated 122 300 (95% prediction interval, 116 800-127 000) excess deaths during the same
period (Table). The deaths officially attributed to COVID-19
accounted for 78% of the excess all-cause deaths, leaving
22% unattributed to COVID-19. The proportion of excess deaths
that were attributed to COVID-19 varied between states and
increased over time (Table and Figure 1).
The changes in mortality that occurred during the pandemic varied by state and region. In New York City, all-cause
mortality rose 7-fold above baseline at the peak of the pandemic, for a total of 25 100 (95%prediction interval, 24 80025 400) excess deaths, of which 26% were unattributed to
COVID-19 (Table and Figure 2). In contrast, in the rest of New
York State, the increase was more moderate, rising 2-fold above
baseline and resulting in 12 300 (95% prediction interval,
11 900-12 700) excess deaths. There were notable per capita increases in rates of death due to any cause in many other states,
including New Jersey, Massachusetts, Louisiana, Illinois, and
Michigan, where the number of deaths greatly exceeded the
expected levels (Table, Figure 2, and Figure 3; eFigure 2 in
the Supplement for additional states). Other states, particularly smaller states in the central United States and northern
New England, had some COVID-19 deaths reported in official
tallies but small or no detectable increases in all-cause deaths
above expected levels (Table).
The gap between the reported COVID-19 deaths and the
estimated all-cause excess deaths varied among states
(Table; eFigure 3 in the Supplement). For instance, California
had 4046 reported deaths due to COVID-19 and 6800 (95%
prediction interval, 6100-7500) excess all-cause deaths,
leaving 41% of the excess deaths unattributed to COVID-19
(Table). Texas and Arizona had even wider gaps, with
approximately 55% and 53% of the excess deaths unattributed to COVID-19, respectively. In contrast, there was better
agreement between the reported COVID-19 deaths and the
excess all-cause deaths in Minnesota, with 12% unattributed
to COVID-19 (Table).
Some of the discrepancy between reported COVID-19
deaths and excess deaths could be related to the intensity and
timing of increases in testing. In some states (eg, Texas, California), excess all-cause mortality preceded the widespread
adoption of testing for SARS-CoV-2 by several weeks (Figure 4;
eFigure 4 in the Supplement for additional states). In other
states (eg, Massachusetts, Minnesota), testing intensity increased prior to or with the increase in excess deaths, and the
(Reprinted) JAMA Internal Medicine Published online July 1, 2020
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Table. Reported Deaths Coded as COVID-19 Compared With Excess Deaths Coded as Pneumonia/Influenza/COVID-19 or All Causes From March 1, 2020, Through May 30, 2020a
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All-cause deaths, No.

As reported by the National Center for Health Statistics. States are ordered by highest to lowest estimated excess all-cause deaths per 100 000. Data from Connecticut and North Carolina are not included because of missing
mortality data from recent months.
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Figure 1. Excess Deaths in the United States From March 1
Through May 30, 2020

Observed
deaths, No.
7801

Table. Reported Deaths Coded as COVID-19 Compared With Excess Deaths Coded as Pneumonia/Influenza/COVID-19 or All Causes From March 1, 2020, Through May 30, 2020a (continued)
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The observed number of deaths is indicated by the solid line, and the expected
number of deaths, adjusting for seasonality, influenza epidemics, and reporting
delays, is indicated by the dashed line. The area between these 2 lines
represents the total number of excess deaths: blue-gray (bottom), deaths
recorded as due to COVID-19; orange (narrow middle section), additional
pneumonia and influenza excess deaths not coded as due to COVID-19; and
beige (top), deaths that were not attributed to COVID-19, pneumonia,
or influenza.

gap between COVID-19 deaths and excess deaths was smaller
(Figure 4).
The increase in excess deaths in many states trailed an
increase in outpatient visits due to influenza-like illness by
several weeks (eFigure 5 in the Supplement).
We performed several sensitivity analyses. We refit the
seasonal baseline without adjusting for influenza activity
(eTable in the Supplement). Excluding influenza pulled the
baseline upward and led to smaller excess estimates in some
states. Furthermore, we created an empirical baseline by
averaging the number of deaths in corresponding weeks of
the previous years. This yielded weekly estimates of excess
death that aligned closely with estimates from our model in
April 2020. The estimates of excess deaths based on the
empirical baseline were slightly higher than those calculated
with the modeled baseline in March 2020 and much lower
estimates for May (eFigure 6 in the Supplement). The difference in the estimates for May is driven by reporting delays,
which are adjusted for in the modeling approach but not in
the empirical baseline. This suggests that our modeling
approach provides robust estimates of excess mortality
while allowing for formal quantification of uncertainty and
more timely estimates than other empirical approaches.
Finally, we explored the accuracy of our adjustment for
reporting lags (eFigure 8 in the Supplement). The reporting
delay correction underestimates deaths by 5% to 8% 2 weeks
after the deaths at the national level but then stabilizes after
3 weeks or more. Therefore, our excess mortality estimates
for the most recent week are modestly conservative.
Mortality data are released regularly, and updated analyses, along with additional figures, are available at https://
weinbergerlab.github.io/excess_pi_covid/.
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Figure 2. Excess Deaths in New York State (Excluding New York City) and in New York City
From March 1 Through May 30, 2020
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The observed number of deaths is indicated by the solid line, and the expected
number of deaths, adjusting for seasonality, influenza epidemics, and reporting
delays, is indicated by the dashed line. The area between these 2 lines
represents the total number of excess deaths: blue-gray (bottom), deaths

recorded as due to COVID-19; orange (narrow middle section), additional
pneumonia and influenza excess deaths not coded as due to COVID-19; and
beige (top), deaths that were not attributed to COVID-19, pneumonia,
or influenza.

Figure 3. Excess Deaths in 4 States With Large Numbers of Reported COVID-19 Deaths
From March 1 Through May 30, 2020
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Observed number of deaths are indicated by solid lines, and the expected
number of deaths, adjusting for seasonality, influenza epidemics, and reporting
delays, are indicated by the dashed lines. The area between these 2 lines
represents the total number of excess deaths: blue-gray (bottom), deaths
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recorded as due to COVID-19; orange (narrow middle section), additional
pneumonia and influenza excess deaths not coded as due to COVID-19; and
beige (top), deaths that were not attributed to COVID-19, pneumonia,
or influenza.
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Figure 4. Trends in Excess Mortality Due to All Causes or Reported Deaths Due to COVID-19
From March 1 Through May 30, 2020
A Massachusetts
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Excess deaths due to all causes are indicated by solid black lines; shaded areas are 95% prediction intervals. Reported deaths due to COVID-19 are indicated by
dotted black lines. Dashed blue lines indicate the volume of tests performed per 1000 population in that week.

Discussion
Monitoring excess deaths has been used as a method for tracking influenza mortality for more than a century. Herein, we used
a similar strategy to capture COVID-19 deaths that had not been
attributed specifically to the pandemic coronavirus. Monitoring trends in broad mortality outcomes, like changes in allcause and pneumonia/influenza/COVID-19 mortality, provides a window into the magnitude of the mortality burden
missed in official tallies of COVID-19 deaths. Given the variability in testing intensity between states and over time, this
type of monitoring provides key information on the severity
of the pandemic and the degree to which viral testing might
be missing deaths caused by COVID-19. These findings demonstrate that estimates of the death toll of COVID-19 based on
excess all-cause mortality may be more reliable than those relying only on reported deaths, particularly in places that lack
widespread testing.
Syndromic end points, such as deaths due to pneumonia/
influenza/COVID-19, outpatient visits for influenza-like illness, and emergency department visits for fever, can provide
a crude but informative measure of the progression of the
outbreak.18 These measures themselves can be biased by
jamainternalmedicine.com

changes in health-seeking behavior and how conditions are
recorded. However, in the absence of widespread and systematic testing for COVID-19, they provide a useful measure of
pandemic progression and the impact of interventions.
The gap between reported COVID-19 deaths and excess
deaths can be influenced by several factors, including the intensity of testing; guidelines on the recording of deaths that
are suspected to be related to COVID-19 but do not have a laboratory confirmation; and the location of death (eg, hospital,
nursing home, or unattended death at home). For instance,
deaths that occur in nursing homes might be more likely to be
recognized as part of an epidemic and correctly recorded as due
to COVID-19. As the pandemic has progressed, official statistics have become better aligned with excess mortality estimates, perhaps due to enhanced testing and increased recognition of the clinical features of COVID-19. In New York City,
official COVID-19 death counts were revised after careful inspection of death certificates, adding an extra 5048 probable
deaths to the 13 831 laboratory-confirmed deaths.19 As a result, the all-cause excess mortality burden from March 11 to
May 2, 2020, is only 27% higher than official COVID-19
statistics.19 This aligns well with our estimate of 26% for a similar period in New York City, using a slightly different modeling approach.
(Reprinted) JAMA Internal Medicine Published online July 1, 2020
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Many European countries have experienced sharp increases in all-cause deaths associated with the pandemic. Realtime all-cause mortality data from the EuroMomo project
(https://www.euromomo.eu/) demonstrate gaps between the
official COVID-19 death toll and excess deaths that echo
findings in our study. These gaps are more pronounced in
countries that were affected more and earlier by the pandemic
and had weak testing. Very limited excess mortality information
is available from Asia, Africa, the Middle East, and South
America thus far; these data will be important to fully capture
the heterogeneity of death rates related to the COVID-19
pandemic across the world. Prior work on the 1918 and 2009
pandemics has shown substantial heterogeneity in mortality
burden between countries, in part related to health care.8,20

Limitations
These analyses are all based on provisional data, which are
incomplete for recent weeks in some states because of reporting delays. We have attempted to correct for these reporting
delays in the analysis. Sensitivity analyses suggest that
these corrections might result in estimates that are conservative (smaller estimates of excess) in the most recent week
(eFigure 8 in the Supplement) at the national level, but the correction might overestimate excess deaths in the most recent
week in some states. Since several months of data have accrued, and pandemic activity is currently low nationally, any
inaccuracies in correcting for reporting delays in recent weeks
would likely have a minor impact on the overall estimates of
excess deaths.
An alternative approach to the one presented here would
be to simply apply the observed number of deaths to the average number of deaths in the corresponding weeks from previous years (eFigure 6 in the Supplement). While this would
yield similar answers during certain periods (particularly in
April 2020), using an empirical baseline would ignore secular
trends in death rates, the potential impact of influenza epidemics in the early part of the COVID-19 pandemic, and reporting delays in more recent weeks. While it would be ideal
to wait until the pandemic is over and analyze complete data,
there is a need for timely data and analysis during public health
emergencies, so the trade-off between data completeness
is warranted.
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