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AB S T R AC T
Epidemic curves are used by decision makers and the public to in-

fer the trajectory of the COVID-19 pandemic and to understand the ap-
propriateness of response measures. Symptom onset date is commonly
used to date incident cases on the epidemic curve in public health re-
ports and dashboards; however, third-party trackers date cases by the
date they were publicly reported by the public health authority. These
two curves create very different impressions of epidemic progression. On
April 1, 2020, the epidemic curve based on public reporting date for On-
tario, Canada showed an accelerating epidemic, whereas the curve based
on a proxy variable for symptom onset date showed a rapidly declining
epidemic. This illusory downward trend is a feature of epidemic curves
anchored using date variables earlier in time than the date a case was
publicly reported, such as the symptom onset date. Delays between the
onset of symptoms and the detection of a case by the public health au-
thority mean that recent days will always have incomplete case data, cre-
ating a downward bias. Public reporting date is not subject to this bias
and can be used to visualize real-time epidemic curves meant to inform
the public and decision makers.
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1 | INTRODUCTION

Epidemic curves are used to infer the current trajec-
tory of the COVID-19 pandemic and to inform policy
surrounding the COVID-19 response, including physi-
cal distancing measures, as well as shaping public per-
ception of their necessity. When constructing epidemic
curves, there are a variety ofways to date incident cases,

such as by the symptom onset date or the date the case
was publicly reported. Given the inevitable delays be-
tween when infections occur and when infections are
detected and reported as cases, it is critical that the
epidemic trajectory be communicated as quickly and as
accurately as possible. The method selected to date
incident cases for epidemic curves produced in real-
time (rather than retrospectively, after the outbreak has
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ended) can profoundly alter the impression of the tra-
jectory of the epidemic. In this analysis, we will demon-
strate that epidemic curves based on symptom onset
date (or a proxy thereof), as commonly presented by
public health authorities across the world, are affected
by an optimistic bias regarding the trajectory of COVID-
19. The slopes of these curves will always be biased
downwards, regardless of the epidemic’s true trajectory.

2 | WHAT ARE EPIDEMIC
CURVES?

Epidemic curves show the trend in the incidence of a dis-
ease in a population through time (1) and are a mainstay
of outbreak investigations and epidemiological analyses.
A key feature of epidemic curves is that they are gen-
erally descriptive and can be constructed in numerous
different ways, such as through the choices of case defi-
nition, subpopulations, or the method of dating incident
cases. This contrasts with mathematical models such as
the classic susceptible-infected-recoveredmodel of Ker-
mack and McKendrick (2), which are prescriptive, em-
bedding assumptions and parameters regarding disease
fundamentals. Epidemic curves date back to William
Farr’s investigation of mortality during the 1848–1849
cholera epidemic in England. (3) Epidemic curves may
provide clues about the characteristics of novel dis-
eases. For example, the epidemic curve of the pre-
viously unknown Legionnaires’ disease showed cases
tightly clustered in time, suggesting a common environ-
mental source. This source was ultimately identified as
the air conditioning of the hotel hosting the Pennsylva-
nia American Legion convention. (4)

Epidemic curves have attained newfound promi-
nence during the COVID-19 pandemic. Early
public health messaging focused on “flattening the
curve”—referring to the epidemic curve—so that the
daily number of new infections did not overwhelm the
capacity of the healthcare system. (5) More recently,
epidemic curves have been used to guide decision
makers in the further loosening or tightening of restric-
tions and to monitor the effects of these decisions on

the trajectories of localized epidemics. Consequently,
representations of the epidemic curve are prominent in
public health and media reports and dashboards. (6–10)
This fact makes the manner in which these curves are
presented to the public all the more important.

The ideal epidemic curvewould plot incident cases of
disease based on the date of infection (on the x-axis), as
this represents the true epidemiology of an infectious
disease. However, date of infection is rarely known
with certainty and is not available in real time, as the
case must first be identified by public health authorities.
Thus, in practice, dates following the date of infection
are used to date incident cases. These dates include
symptom onset date, sample collection date, laboratory
testing date, and public reporting date.

Public health authorities commonly publish real-time
epidemic curves using the date of symptom onset, with
the logic that it is the closest measurable date to the
date of infection (e.g., the Public Health Agency of
Canada in their daily epidemiology update (6)). Third-
party trackers such as those run by Johns Hopkins Uni-
versity (8), The COVID-19 Tracking Project (11), and the
COVID-19 Canada Open Data Working Group (12) pri-
marily use public reporting date, in part because more
detailed date variables are not always available. These
two dating methods produce very different epidemic
curves, which can strongly affect the perceived trajec-
tory of COVID-19 cases for reasons that will be ex-
plored in the subsequent section.

3 | WHY DOES THE CHOICE OF
EPIDEMIC CURVE MATTER?

Public health surveillance systems are continuously up-
dated as new information becomes available. A case is
entered into the system after the public health author-
ity receives the result from the laboratory, after which
a case investigation begins, and the data are publicly re-
ported. Over the subsequent hours, days, and weeks,
additional information may be entered and previous in-
formation may be revised. These revisions may include
the date the individual developed symptoms, if at all.
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F IGURE 1 Simple illustration of epidemic curves
plotted by symptom onset date and public reporting
date, assuming a fixed 4-day delay between symptom
onset and case identification.
Transparent blue bars indicate symptomatic cases that have not
yet been identified; red bars indicate cases that became
symptomatic prior to day 1. Day 10 represents the present date.

3.1 | The Illusory Downward Trend

Real-time epidemic curves based on symptom onset
date are subject to an illusory downward trend in the
days closest to the present day. The cause of this trend
is delayed reporting: cases detected today will usually
have symptom onset dates days or even weeks prior to
the current date. As a result, recent days will always
have incomplete case data, creating an ever-present but
illusory downward trend. A simple illustration of this
phenomenon is shown in Figure 1, which assumes a
fixed 4-day delay between symptom onset and case
identification. The most recent 4 days on the epidemic
curve plotted by symptom onset date have no cases be-
cause these cases have not yet been identified. This ar-
tifact does not occur when plotting by public reporting
date because cases are added to the curve on the date
they are identified by the public health authority.

This illusory trend is exacerbated by delays in admin-
istering tests, processing tests, and communicating test
results to public health authorities, since the symptom

onset date will be proportionately further back in time
relative to the date the case is identified by the public
health authority. Consequently, a region overwhelmed
by new cases will see an even more pronounced down-
ward bias. However, this bias is not solely a technical
issue but also an issue of natural history, human be-
haviour, and healthcare systems. Consider the follow-
ing scenario: tests are processed instantaneously at the
time of collection, results are immediately transmitted
to the public health surveillance system, and symptom
onset date is ascertained perfectly in real time. Epidemic
curves based on symptom onset date would still show
an illusory downward trend because of inevitable delays
and variability between when an individual first experi-
ences symptoms and when they seek and receive a test.

Symptom onset date has other practical limitations
for constructing real-time epidemic curves due to delays
and difficulties in the determination of symptom onset.
Delays can occur because it may take several days to
conclude a case investigation (particularly during peri-
ods of high case load). (13) Recall issues and patient in-
capacitation or death also complicatemeasurement. For
asymptomatic cases, a symptom onset date cannot be
assigned at all.

3.2 | An Example Using Epidemic Data
from Ontario, Canada

To circumvent the issues inherent to measuring the date
of symptom onset, public health surveillance systems in
Canada generally use a proxy variable for this date called
the “episode date”. If the symptom onset date is absent,
the episode date is defined as the earliest available date
in the following hierarchy: specimen collection date, lab-
oratory testing date, and the date that the public health
authority received the report from the laboratory. (14)
Unless the earliest date (either symptom onset date or
sample collection date, if the former cannot be ascer-
tained) is the same as the date that the case is publicly
reported, all cases will appear on the epidemic curve on
a date that is earlier than the date on which they were
publicly reported. During the early pandemic period in
Ontario, the date of symptom onset was generally the
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last date entered into the system (if it was entered at
all). As a result, newer cases would be progressively
pushed back to earlier dates on the epidemic curve as
the episode datewas updated, culminatingwith the true
symptomonset date (if it could be ascertained). This pro-
cess led to more recent days on the epidemic curve hav-
ing fewer cases—creating the illusory downward trend.

Consider Figure 2 which displays epidemic curves
for COVID-19 in Ontario, Canada from March 1, 2020
to April 1, 2020 plotted by different date variables:
episode date (the proxy for symptom onset date) and
public reporting date. The three curves for each date
variable correspond to datasets extracted on three dif-
ferent dates: April 1 (pink, the real-time dataset), April 8

(green, 1 week later) andMay 20 (blue, 7 weeks later, af-
ter which edits to cases fromMarch have largely ceased).
The real-time dataset contains 2,793 cumulative cases
from January to April 1. However, the cumulative num-
ber of cases up to April 1 in the May 20 data extract dif-
fers greatly according to which variable is used to date
cases. Using public reporting date, the cumulative num-
ber of cases is 2,772, nearly unchanged from the real-
time dataset. This is expected because cases dated by
public reporting date should only change to correct data
entry errors and to remove duplicates and individuals
no longer meeting the case definition. In contrast, the
number of cumulative cases by episode date in this data
extract is 5,922, more than double that of the real-time

F IGURE 2 Different views of epidemic data for COVID-19 in Ontario, Canada for March 1, 2020 to April 1,
2020 plotted by episode date (left) and public reporting date (right) using three datasets extracted between April 1
and May 20.
The pink curve represents the real-time epidemic curve, while the green and blue curves are those observed 1 and 7 weeks later,
respectively. Note that “public reporting date” in this figure refers to the date the case was entered into the provincial surveillance system.
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dataset. This is because the real-time dataset is highly
incomplete: many cases reported at the end of March
had symptom onset dates in mid-March, andmost cases
with symptom onset dates in late March were not iden-
tified and reported until April.

The real-time epidemic curve that is plotted by symp-
tom onset date shows a pronounced illusory downward
trend. This artifact creates the impression that inci-
dence peaked in mid-March and is rapidly declining to-
ward the end of the month. The later data extracts cor-
rect this optimistic bias: daily incidence was climbing
throughout the entire month of March. On the other
hand, the real-time epidemic curve based on public re-
porting date reliably communicated the trend of increas-
ing incidence throughout the month of March.

4 | HOW ARE EPIDEMIC CURVES
BEING USED DURING COVID-19?

Epidemic curves for COVID-19 that are based on symp-
tom onset date (or a proxy thereof) are commonly in-
cluded in reports and dashboards produced by public
health organizations around the globe. (6,9,15–20) In
these figures, caveats are often given in the form of a
shaded area on the graph covering recent dates, with
text indicating that recent cases may not yet be re-
ported.

When epidemic curves are used by decision makers
and members of the public to assess disease trajectory
amid an outbreak, curves plotted by symptom onset
date can bemisleading. This possibility is notmerely the-
oretical: these curves have been misinterpreted by pub-
lic officials to justify loosening public health measures
in at least two American states, Georgia (21) and Iowa
(22). This phenomenon of delayed reporting and incom-
plete incidence data is well known in the realms of in-
fectious disease modelling (23,24), HIV/AIDS research
(25) and of mortality statistics, where the manual coding
of deaths often results in a lag before these deaths are
counted in official datasets (26). This issue has also been
discussed in the context of charting COVID-19 deaths.
(27,28) Never has this phenomenon been so consequen-

tial as it is in our present moment.

5 | CONCLUSION

Real-time epidemic curves are useful for visualizing the
trajectory of the COVID-19 pandemic. Epidemic curves
based on symptom onset date are important for under-
standing the epidemiology of an outbreak in retrospect
because they form an approximation of the infection
curve. However, reporting delaysmean that themost re-
cent days of data on an epidemic curve plotted by symp-
tom onset date will always be incomplete, and this cre-
ates an illusory trend of falling case numbers. This arti-
fact limits the usefulness of epidemic curves by symp-
tom onset date for communicating the disease trajec-
tory in real time. In contrast, curves that are constructed
using the date a case was publicly reported do not suffer
from this distortion.

The COVID-19 pandemic is not over. As the virus
continues to sweep across the globe and many re-
gions experience persistently high caseloads, it is es-
sential that epidemic curves reliably communicate the
present trajectory of detected cases. The public report-
ing date can be used to visualize real-time epidemic
curves meant to inform the public and decision makers.
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