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Introduction

It is still hard to know how many people have already been
infected with SARS-CoV-2. Epidemiologists have already devel-
oped different prediction models that can be used as quantita-
tive projections for the COVID-19. However, these epidemiolog-
ic models are impacted by uncertainty due to lack of adequate
information regarding the total number of people who have
contracted SARS-CoV-2 [1]. One of the reasons for the above
challenge is the fact that approximately 35% of people infected
with the COVID-19 are asymptomatic [2] and over 81% of those
who are symptomatic have mild symptoms [3].

While testing is essential for reducing transmission by isolat-
ing infected cases, the question is; “to what extent the result of
these non-randomized tests can inform us the total number of
people infected with SARS-CoV-2?” Getting a better estimate re-
garding the prevalence of the COVID-19 can be used as a proxy
to predict how far we are from getting herd immunity protec-
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Abstract

There is a high uncertainty regarding the prevalence
of the COVID-19. We used a fast tracked straightforward
method to estimate the prevalence of people contracted
COVID-19 on a daily basis, which may rectify the official re-
ports. We used the CDC’s recent ‘best estimate’ regarding
fatality ratios as a proxy to make the best estimate of the to-
tal number of symptomatic people based on the predicted
number of probable deaths. There seems to be a big gap
between the numbers of reported versus infected cases in
major cities like New York City (NYC), Paris, Milan and Lon-
don. We predict the prevalence of people who contracted
SARS-CoV-2 seems to be up to 77% in NYC. Therefore, a sig-
nificant proportion of NYC residents have already been in-
fected, which implies that they may have reached the level
of herd immunity protection (60%-70%). This would reduce
the concern related to the possibility of reopening.

tion in major cities. Herd immunity is one of the ways to stop
the virus transmission by conveying indirect protection to those
who are not immune” [4]. The threshold for SARS-CoV-2 herd
immunity seems to be around 60% in some areas [5].

Randomized population-based testing is a common method
to estimate infection rate among the general population. These
assessments are essential in order to quantify the overall preva-
lence of COVID-19. One study in Hauts-de-France has shown a
seroprevalence of 3% as of April [6]. According to another study,
14% of people living in New York State [6], including over 2 mil-
lion people in NYC (21%), had antibodies to SARS-CoV-2 by late
April [7]. Researchers believe that the 21% infection rate seems
not to be high enough to confer the ‘herd immunity.

These randomized antibody testing are less feasible to be
implemented. These numbers will change over a short period
of time. Therefore, these surveys need to be repeated frequent-
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ly. More importantly, not all types of antibody tests are at high
quality, which means we can’t completely rely on the seroprev-
alence results to predict the prevalence of COVID-19 in a lot of
places with low prevalence.

We used a more practical approach to estimate the preva-
lence of COVID-19. This method is simple and straightforward,
requires less inputs, and can make estimations at any region at
any time. This approach can help epidemiologic models to have
better and prompt input for their predictions. This will also help
policy makers to have sufficient tools to make more efficient
decisions. This approach may rectify the uncertain official re-
ported infection rates for COVID-19 in the population.

The CDC has recently made a current ‘best estimate’ regard-
ing viral transmission and disease severity in the United States.
As stated by the CDC, overall, 0.4% of people ‘who feel sick with
Covid-19’ would die in the ‘best scenario’ [6]. This fatality ratio
differs depending on age. As claimed by CDC, the ratio is 0.0005
for people aged 0-49, 0.002 for people aged 50-64, and 0.013
for age 65 [2].

Given only six months have passed since the SARS-Cov-2 has
initially infected humans, it is less likely that the nature of the vi-
rus and its fatality rate has completely changed due to mutation
across different countries. Although, there may be some minor
differences in fatality rate among countries. These differences
would be minor given most of the countries in the US or Europe
have been exposed to COVID-19 within a similar period of time.
Therefore, we considered the CDC reported symptomatic fatal-
ity rates of the SARS-CoV-2 for different age groups as a basis for
the fatality ratios of other targeted countries and cities listed in
Table-1 and acknowledge that these rates may be slightly differ-
ent in reality.

We used these fatality ratios as a proxy to make the best
estimate of the total number of symptomatic people based on
the total number of death cases. The challenge is that a sub-
stantial number of COVID-19 related death cases are missing.
Therefore, it is very essential to have the best estimate of the
number of probable death cases. Several countries have real-
ized that their number of COVID- related death cases have been
underreported. They have recently adjusted these numbers to
include non-confirmed death cases by reporting ‘excess mor-
tality. Excess mortality is the number of death cases which oc-
curred ‘in a given crisis above and beyond’ what is expected to
see under ‘normal’ conditions [8]. Getting access to information
of the current excess mortality is challenging since there is a dis-
crepancy among countries, particularly developing ones, on the
number of reported deaths due to COVID-19. In addition, there
is a delay of several weeks to months in reporting the total num-
ber of excess cases for instance, in Italy. This delay prevents ac-
curate estimation of the magnitude of the current situation of
COVID-19 in certain countries.

We used available data from different sources (such as The
Economist database on Covid-19 excess mortality on GitHub) [9]
on the number of confirmed COVID-19 deaths and number of ex-
cess deaths. We calculated the proportion of confirmed COVID-
19 deaths (as of the most updated date, 6/7/2020) over excess
death during the same time period. This helped us to identify
the gap in order to predict the current number of excess deaths,
which is needed to have the best estimate of the number of
probable death cases as of today. We acknowledge that this pro-
portion may change slightly toward having less gap over time,
which would have a little impact on the achieved estimations.

Given the fatality ratio differs by age group, in order to esti-
mate the total number of symptomatic infected cases, we used
CDC and various national databases of the targeted countries
indicated in Table 1, which included the number of deaths due
to COVID-19 by age group, to calculate the proportion of con-
firmed COVID-19 related deaths by age group.

According to our findings in Table 1, the prevalence of people
who contracted COVID-19 seems to be between 65% and 77%
in NYC until August 26, 2020. Therefore, the number of people
who have contracted COVID-19 are over 27 times the official re-
ported number of people who have tested positive. This shows
that there is a big gap between the numbers of reported versus
number of infected cases. This gap is greater for other cities: 25
times for lle-de-France (Paris), 27 times for Lombardy (Milan),
and 50 times for London.

The virus has already moved very quickly through communi-
ties in these cities. In NYC, in addition to social distancing, anoth-
er contributing factor in reducing the trend of mortality may be
due to reaching the herd immunity threshold. This can be sup-
ported by the fact that the daily COVID-19 deaths count in NYC
has recently decreased dramatically [10]. This could have hap-
pened through exposure in public, or most importantly, from di-
rect exposure to their infected household members while they
were in lockdown. Around 66% of newly admitted cases in NYC
got infected from their household [11]. Our prediction implies
that we are very close to the level of herd immunity protection
(60%-70%) or have already reached it like New York City. This
would be the case since CDC has also put ‘lower estimates’ for
the overall fatality ratio (0.2%) in the ‘least severe scenarios,’
which would make the predicted prevalence even higher. In
addition, we only estimated the number of symptomatic cas-
es and we didn’t include the number of asymptomatic cases,
which would be as high as 35% of infected cases. Therefore, the
real number of infected populations may be much higher.

In other hotspot cities like Milan and London, we estimate
that overall 56% and 30% of the city population have already
been infected with SARS-CoV-2 respectively. These predictions,
using the best scenario, are aimed to assist public health pre-
paredness and planning. Therefore, we may be able to resume
public interactions and open businesses sooner than it was ini-
tially expected in some places like NYC if we assume that people
who contracted SARS-CoV-2 are and will remain immune for a
long time.

Highly affected cities like NYC or Milan can be opened sooner
than other cities since they are close to reaching the level of
60% of the population who are infected with the SARS- CoV-2.
However, it is important to consider some special measures in
the process of opening these cities. For instance, should these
cities be open to non-residents who have not been infected
yet? In addition, we should consider whether those cities with
high prevalence should be open to non-infected international
tourists.

Reopening all provinces or cities of a country at the same
time, which seems to be the case in several countries like Italy,
Spain or France, would put less affected cities of those coun-
tries at greater risk of exposure. It is better not to use a central-
ized approach to open the businesses in a country or even a
province since the decreasing number of deaths in those coun-
tries are more likely contributed to those major cities with high
density.
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Footnotes

(a)

(b)

(c)

# of Confirmed Deaths due to COVID-19 from the first
week of March until: US 8/1/20, England 8/14/20, France
7/14/20, Spain 8/25/20, and Italy 6/30/20.

# of Excess Deaths from first week of March until: US
8/1/20, England 8/14/20, France 7/14/20, Spain 8/25/20,
and Italy 6/30/20.

Proportion of Confirmed COVID-19 Deaths/Excess Deaths
from the first week of March until: US 8/1/20, England
8/14/20, France 7/14/20, Spain 8/25/20, and Italy 6/30/20
Formula: X1/X4 (# of Confirmed COVID-19 Deaths/# of Ex-
cess Deaths).

Note

(d)

(e)

(f)

(h)

()

()

Represents respective cell for each column used in each
formula.

Predicted # of Excess Deaths until 8/26/20 * Except the
USA until Formula: X2*(1/X5) (# of Confirmed COVID-19
Deaths until 6/7/20)*(1/Proportion of Confirmed COVID-
19 Deaths/Excess Deaths)).

# of Confirmed COVID-19 Deaths for: age (0-19) year for
France and Spain until 8/26/20, and Italy until 8/25/20;
age (0-14) for the USA until 8/22/20 and England until
7/30/20.

Formula: X7/(X7+X10+X13)(# of Confirmed COVID-19
Deaths for age group (0-14 or 0-19) / ((# of Confirmed
COVID-19 Deaths for age group (0-14 or 0-19) + # of Con-
firmed COVID-19 Deaths for age group (15-44 or 20-49) +
# of Confirmed COVID-19 Deaths for age group (45-64 or
50-69) + # of Confirmed COVID-19 Deaths for age group
(65+ or 70+))

Formula: X8*X2 ((Proportion of Confirmed COVID-19
Deaths for age group (0-44 or 0-49)/Total Confirmed
COVID-19 Deaths for all age groups) * # of Confirmed
COVID-19 Deaths until 6/7/20).

# of Confirmed COVID-19 Deaths for: age (20-49) year for
France and Spain until 8/26/20, and Italy until 8/25/20;
age (15-44) for the USA until 8/22/20 and England until
7/30/20.

Formula: X7/(X7+X10+X13) (# of Confirmed COVID-19
Deaths for age group (15-44 or 20-49) / ((# of Confirmed
COVID-19 Deaths for age group (0-14 or 0-19) + # of Con-
firmed COVID-19 Deaths for age group (15-44 or 20-49) +
# of Confirmed COVID-19 Deaths for age group (45-64 or
50-69) + # of Confirmed COVID-19 Deaths for age group
(65+ or 70+))

Formula: X8*X2 ((Proportion of Confirmed COVID-19
Deaths for age group (15-44 or 20-49)/Total Confirmed
COVID-19 Deaths for all age groups) * # of Confirmed
COVID-19 Deaths until 8/26/20).

# of Confirmed COVID-19 Deaths for: age (50-69) year for
France and Spain until 8/26/20, and Italy until 8/25/20;
age (45-64) for the USA until 8/22/20 and England until
7/30/20.

Formula: X10/(X7+X10+X13) (# of Confirmed COVID-19
Deaths for age group (45-64 or 50-69) / ((# of Confirmed
COVID-19 Deaths for age group (0-14 or 0-19) + # of Con-

firmed COVID-19 Deaths for age group (15-44 or 20-49) +
# of Confirmed COVID-19 Deaths for age group (45-64 or
50-69) + # of Confirmed COVID-19 Deaths for age group
(65+ or 70+)).

(m) Formula: X11*X2 ((Proportion of Confirmed COVID-19

(n)

(o)

(p)

(a)

(r)

(t)

(u)

(v)

(w)

(x)

(y)

Deaths for age group (45-64 or 50-69)/Total Confirmed
COVID-19 Deaths for all age groups) * # of Confirmed
COVID-19 Deaths until 6/7/20).

# of Confirmed COVID-19 Deaths for: age (70+) year for
France and Spain until 8/26/20, and Italy until 8/25/20;
age (65+) for the USA until 8/22/20 and England until
7/30/20.

Formula: X13.(X7+X10+X13) (# of Confirmed COVID-
19 Deaths for age group (65+ or 70+) / (# of Confirmed
COVID-19 Deaths for age group (0-14 or 0-19) + # of Con-
firmed COVID-19 Deaths for age group (15-44 or 20-49) +
# of Confirmed COVID-19 Deaths for age group (45-64 or
50-69) + # of Confirmed COVID-19 Deaths for age group
(65+ or 70+)).

Formula: X14*X2 ((Proportion of Confirmed COVID-19
Deaths for age group (65+ or 69+)/Total Confirmed COVID-
19 Deaths for all age groups) * # of Confirmed COVID-19
Deaths until 6/7/20).

Estimation made using CDC Overal COVID-19 Fatality Rate
of 0.004 until 8/26/20 Formula: X2*(1/0.004) (# of Con-
firmed COVID-19 Deaths until 8/26/20 * (1/0.004)).

Formula: X6*250 (Predicted # of Excess Deaths until
8/26/20 * 250).

Adjusted estimation made Using CDC COVID-19 Fatality
Ratio (0.00003) for Age Group (0-14 or 0-19) until 8/26/20
Formula: (1/0.00003)*X9 ((1/0.00003) * Predicted #
of Confirmed COVID-19 Deaths for age group (0-14 or
0-19)).

Formula: (1/X5)*((1/0.00003)*X9) ((1/Proportion of Con-
firmed COVID-19 Deaths/Excess Deaths) * ((1/0.00003) *
Predicted # of Confirmed COVID-19 Deaths for age group
(0-14 or 0-19)).

Adjusted estimation made Using CDC COVID-19 Fatal-
ity Ratio (0.0002) for Age Group (15-44 or 20-49) until
8/26/20 Formula: (1/0.0002)*X12 ((1/0.0002) * Predicted
# of Confirmed COVID-19 Deaths for age group (15-44 or
20-49)).

Formula: (1/X5)*((1/0.0002)*X12) ((1/Proportion of Con-
firmed COVID-19 Deaths/Excess Deaths) * ((1/0.0002) *
Predicted # of Confirmed COVID-19 Deaths for age group
(15-44 or 20-49)).

Adjusted estimation made Using CDC COVID-19 Fatality
Ratio (0.005) for Age Group (45-64 or 50-69) until 8/26/20
Formula: (1/0.005)*X15.

Formula: (1/X5)*((1/0.005)*X12) ((1/Proportion of Con-
firmed COVID-19 Deaths/Excess Deaths) * ((1/0.005) *
Predicted # of Confirmed COVID-19 Deaths for age group
(45-64 or 50-69))

Adjusted estimation made Using CDC COVID-19 Fatality
Ratio (0.054) for Age Group (65+ or 70+) until 8/26/20
Formula: (1/0.054)*X15.
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(2)

(a)

(v)

(8)

(@)

(n)

(1)

(2)

(3)

Formula: (1/X5)*((1/0.054)*X15) ((1/Proportion of Con-
firmed COVID-19 Deaths/Excess Deaths) * Predicted # of
Confirmed COVID-19 Deaths for age group (65+ or 70+)).

Estimation made for All Age Groups Using CDC COVID-19
Fatality Ratio: (0.00003) for Age Group (0-14 or 0-19) +
(0.0002) for Age Group (15-44 or 20-49) + (0.005) for Age
Group (45-64 or 50-69) +(0.054) for Age Group (65+ or
70+) all until 8/26/20 Formula: X18+X20+X22 (Adjusted
Estimated # of Symptomatic Infected People Based on
Confirmed COVID-19 Deaths for Age Group (0-14 or 0-19)
+ Adjusted Estimated # of Symptomatic Infected People
Based on Confiremed COVID-19 Deaths for Age Group
(15-44 or 20-49) + Adjusted Estimated # of Symptomatic
Infected People Based on Confirmed COVID-19 Deaths for
Age Group (45-64 or 50-69)) + Adjusted Estimated # of
Symptomatic Infected People Based on Confirmed COVID-
19 Deaths for Age Group (65+ or 70+)).

Formula: X19+X21+X23 (Adjusted Estimated # of Symp-
tomatic Infected People Based on Excess Deaths for Age
Group (0-44 or 0-49) + Adjusted Estimated # of Symp-
tomatic Infected People Based on Excess Deaths for Age
Group (45-64 or 50-69) + Adjusted Estimated # of Symp-
tomatic Infected People Based on Excess Deaths for Age
Group (65+ or 69+)).

Until 8/26/20 Formula: X24/X26 (Estimated # of Symp-
tomatic Infected People Based on Confirmed COVID-19
Deaths for all age groups/Total Population).

Until 8/26/20 Formula: X25/X26 (Estimated # of Symp-
tomatic Infected People Based on Excess Deaths for all
age groups/Total Population).

Formula: X3/X25 (# of Confirmed COVID-19 Infected Cases
until 8/26/20/ stimated # of Symptomatic Infected People
Based on Excess Deaths for all age groups).

Formula: 1/X29 (1/Proportion of Detected Cases/Estimat-
ed Symptomatic Cases Infected with COVID-19).

Formula: X3/X31 (# of Confirmed COVID-19 Infected Cas-
es until 8/26/20/# of Total Tests Conducted).

Data sources

TheEconomist / covid-19-excess-deaths-tracker 2020.
https://github.com/TheEconomist/covid-19-excess-
deaths-tracker/tree/master/output-data/excess-deaths.

The New York Times, Coronavirus Map: Tracking the Glob-
al Outbreak. https://www.nytimes.com/interactive/2020/
world/coronavirus-maps.html.

The COVID-19 cases for all age groups in each country:

The US: CDC Provisional COVID-19 Death Counts by Sex,
Age, and State: https://data.cdc.gov/NCHS/Provisional-
COVID-19-Death-Counts-by-Sex-Age-and-S/9bhg-hcku.

England: Deaths involving COVID-19, England: https://
www.ons.gov.uk/peoplepopulationandcommunity/
birthsdeathsandmarriages/deaths/datasets/deathsin-
volvingcovid19englandandwales.

Italy: https://www.statista.com/statistics/1105061/coro-
navirus-deaths-by-region-in-italy/

Spain: https://www.statista.com/statistics/1105596/
covid-19-mortality-rate-by-age-group-in-spain-march/ &
https://ourworldindata.org/grapher/covid-tests-cases-
deaths.

France: https://www.lamoncloa.gob.es/serviciosdepren-
sa/notasprensa/sanidad14/Paginas/2020/22052020_da-
toscovid19.aspx.

(4) CDC, COVID-19 Pandemic Planning Scenarios. 2020.
https://www.cdc.gov/coronavirus/2019-ncov/hcp/plan-
ning-scenarios.html; https://www.thelancet.com/action/
showPdf?pii=51473-3099%2820%2930584-3.

(5) Countries in the world by population (2020): https://
www.worldometers.info/world-population/population-
by-country/.

(6) Total tests conducted: https://ourworldindata.org/gra-
pher/daily-cases-covid-19 **Total tests conducted in UK
instead of England.
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