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Abstract

Accurate and comprehensive testing is crucial for practitioners to portray the

pandemic. Without testing there is no data; yet, the exact number of infected people

cannot be determined due to the lack of comprehensive testing. The number of

seropositive for SARS‐CoV‐2 infection is obviously relative to the extent of testing.

However, the true number of infections might be still far higher than the reported

values. To compare the countries based on the number of seropositive for SARS‐
CoV‐2 infection is misleading, as there may not be enough tests being carried out to

properly monitor the outbreak. In this paper, we closely look through the COVID‐19
testing results. Herein, we try to draw conclusions based on the reported data: first,

the presence of a possible relationship between COVID‐19 transition and patients'

age will be assessed. Then, the COVID‐19 case fatality rate (CFR) is compared with

the age‐demographic data for different countries. Based on the results, a method for

estimating a lower bound (minimum) for the number of actual positive cases will be

developed and validated. Results of this study have shown that CFR is a metric

reflecting the spread of the virus, but is a factor of the extent of testing and does not

necessarily show the real size of the outbreak. Moreover, no large difference in

susceptibility by age has been found. The results suggest the similarity between the

age distribution of COVID‐19 and the population age‐demographic is improving

over the course of the pandemic. In addition, countries with lower CFRs have a

more similar COVID‐19 age distribution, which is a result of more comprehensive

testing. Finally, a method for estimation of the real number of infected people based

on the age distributions, reported CFRs, and the extent of testing will be developed

and validated.
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1 | INTRODUCTION

When a communicable disease outbreak such as COVID‐19 begins,

identification of cases, quick treatment, and immediate isolation

would be crucial to prevent the spread of the disease. Testing is the

window onto the pandemic; crucial either to identify, treat, isolate or

hospitalize infected people and also for understanding the spread of

the pandemic for implementing effective policies for controlling the

outbreak. Accurate estimation of the number of COVID‐19 con-

firmed cases is substantial for both conducting non‐pharmaceutical

interventions (NPIs) and implementing effective regulations called

“control orders” for preventing, protecting against, delaying, or

otherwise controlling the incidence or transmission of COVID‐19.1–3

The implementation of these policies (i.e., travel restriction, quar-

antine, or lockdown) might seem effective and necessary, but always

comes at a price. Moreover, many countries might not even benefit

from applying these policies at all.4 Therefore, it is necessary to take

the right action at the right time; and the right action needs correct

information.

The most influential key factor in making such decisions would

be the real status of the pandemic in the region of interest. No

country knows the actual number of people infected with COVID‐19,
as only the infection status of those who have been tested is known.

Many studies highlight the importance of statistical inferences to

assess the percentage of people who become infected and the

mortality rates.5 The accuracy of this data depends on how much a

country actually tests. The positive‐rate results (seropositive for SARS‐

CoV‐2 infection cases/total cases) in some countries even reach 35%

(i.e., Ecuador), and in some other countries, it is almost near 0% (i.e.,

Australia).6 Although this metric implies the spread of the virus in the

region, it is also a measure of how adequately countries are testing.

Based on WHO, a seropositive rate below 5% is one indicator that

the epidemic is under control in a region.7 However, this metric is a

function of the number of the performed tests. In fact, limited testing

heavily affects the results, and in regions with a high seropositive

rate, the true number of infections is estimated to be much higher

than the number of the confirmed cases. Moreover, this estimation is

always associated with errors due to many reasons, that is., asymp-

tomatic transmitters, limitations in tests, false‐seropositive/negative
results, etc. The performance of any quantitative analysis based on

case fatality rate (CFR) evaluations is also influenced by the modes of

transmission of the virus causing COVID‐19, that is, respiratory in-

fections, direct contact transmission, and droplet or airborne trans-

mission.8,9 Moreover, studies have suggested an association between

lower SARS‐CoV‐2 positivity rates and higher circulating 25(OH)D

levels.10 Also, it has been shown that the initial viral load is an im-

portant factor in the transmission of the disease.8,11

As of April 10, 2021, the number of confirmed cases in the

United States was >95,800 (per 1 million population), and based on

CDC reports, 45% of US coronavirus cases have been among people

older than 65 years old associated with more than 80% of US cor-

onavirus deaths.12 It must be noted that almost 17% of the American

population was 65 years old or over. Based on these data, one may

conclude that the susceptibility of the elder people to the cor-

onavirus is high. On the contrary, in Italy, where almost 23% of the

total population is aged 65 years and older, almost 23% of people

with positive COVID‐19 belong to this group. Here, data suggests no

large difference of susceptibility by age.13

However, reports suggest that the risk for serious disease and

death deaths, ICU admissions, and hospitalization rates are higher

among older adults. There is little known about whether people of

different ages have different susceptibility to the infection.14 Li et al.

reported that more than 50% of early patients with positive

COVID‐19 in Wuhan were elder adults of 60 years or more.8

However, the underrepresentation of younger people was suspected

to be attributed to the fact that some of the young infected people

were asymptomatic.9,15,16

The true number of infected people is easily underestimated as it

is dependent on several factors. It also often differs between re-

gions.17,18 Many attempts have been made to predict the total

number of infected people or the fatality rate.17–19 In this paper, we

try to better understand and interpret the COVID‐19 testing results.

First, the presence of possible relation between COVID‐19 transition

and the patients' age will be assessed. In this part, the progressive

relation between the population demographic and COVID‐19's de-

mographic data will be studied. The aim is to examine whether the

difference in susceptibility to COVID‐19 by age exists, and also, how

this relationship changes over time. Then, we attempt to show how a

demographical comparison of COVID‐19 confirmed cases and po-

pulations of different regions/countries can shed light on estimated

CFR discrepancies for different regions. Based on the results, a

method for improving the estimation of the number of positive cases,

and estimating a lower bound (minimum) for the number of actual

positive cases will be developed and validated.

2 | SOURCE OF DATA

The data on the number of COVID‐19 confirmed cases and deaths

were taken from the Lancet database.20 Also, the age‐stratified data

for the officially confirmed cases were obtained from available

credible sources.21–26 Demographic and geographical regions' po-

pulations' data were provided by United Nations Population, 2020

report.27 These data sets are used for developing a model for esti-

mation of the true number of COVID‐19 positive cases in the regions

of interest. The relation between the COVID‐19 transition and the

patients' age was assessed by studying the progressive relationship

between the population demographic and COVID‐19's demographic.

All these Data sources are publically available.

3 | SYNOPSIS OF METHODS

Herein, we want to examine if susceptibility to COVID‐19 is relevant

to the patient's age. This relevancy was also studied in the course of

the pandemic to see how this relationship changes over time. In the
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second part, based on the results and correlations, we tried to de-

velop a better estimation of the true number of COVID‐19 positive

cases. Herein, we used the information obtained in the former sec-

tion with the following assumptions: on average, >80‐year‐old cases

have a lower number of social interactions than the younger popu-

lation,28 and the infection would be more symptomatic in this group

range. Studies support the validity of these assumptions: often, a

lower number of social interactions is acceptable for >80‐year‐old
people, especially during the course of a pandemic.29–31

Moreover, the fraction of symptomatic cases to the overall po-

sitive cases is highest in this group. CDC reports also support the fact

that older adults are at increased risk for severe illness, with older

adults at the highest risk.12,32

These two assumptions will be used for determining the lower‐
bound estimates of true‐positive cases for different regions—where

quality data have been available—namely Spain, Italy, Germany, and

South Korea. It should be noted that in estimating the true number

of positive cases, the severity of infection will not be taken into

consideration.

The age distributions associated with the estimated COVID‐19
positive cases and the reported confirmed cases in regions with high

and low CFRs were compared and matched with the population's age

distributions for the corresponding regions, including South Korea,

Germany, Italy, and Spain. Herein, first, the age distribution of

COVID‐19 and population age distribution values were normalized

(divided by the sum). The L1 norm is used to calculate the difference

between COVID‐19's age distribution and the population's age dis-

tribution (Difference of age‐distributions of COVID‐19 and Popula-

tion: DCP). Let vector P = (p, …, pn) as the population age‐distribution,
and C = (c0, …, cn) as COVID‐19 age‐distribution. The L1 distance,

calculated as follows:

∑= − = −
=

P C p cDCP .L
i

n

i i
0

1

4 | RESULTS AND DISCUSSION

4.1 | Background and synopsis of methodology

Contradictory data and vague claims are often reported about

emerging phenomena, especially when the flow of scientific in-

formation is rather limited. Since the widespread occurrence, con-

flicting information surrounding COVID‐19 abounds. The rapid

spread of inaccurate information about COVID‐19 and the pandemic

dimensions poses a clear threat for decision‐making. By conflicting

information, we refer to two or more health‐related propositions

that are logically inconsistent with one another. One of these con-

flicting pieces of information spread about the transmission of

COVID‐19 was its attribution to the patient's age. Early reports

showed a markedly low proportion of COVID‐19 positive cases

among children, and very high susceptibility of elder people,33 which

has also been supported by the reported data for some regions. For

example, based on CDC, 45% of US coronavirus cases have been

among people older than 65 years old, a portion much more than

their age‐demographic share (~17%).34 On the contrary, in Italy, one

of the hotspots of the pandemic, only 23% of coronavirus cases have

been among people older than 65 years old, a value much closer to

their age‐demographic share (~23%).34 This claim has also been

supported in some literature.35 In this article, first, we demonstrated

the relation of COVID‐19's age distribution with respective coun-

tries' age distribution of populations over time. Furthermore, the

inconsistencies in the COVID‐19 CFRs of different geographical re-

gions were addressed. Finally, a method for estimating the true

number of positive cases of COVID‐19 was suggested and validated.

4.2 | Timely reports

In this section, the DCP value of three COVID‐19 hotspot countries

was calculated and compared. These areas include the United States,

Italy, and England, where data have been available for different time

intervals. DCP values have been calculated based on the equation

presented in Methods and represent the difference of all population

age distribution with COVID‐19's age distribution. DCP values have

been presented in the corresponding tables. It can be observed that

in all cases, the values of DCP reduce over time. In the case of the

US, it drops from 0.32 to almost 0.14 (see Table 1). The same trend

happens for Italy (DCP reduces from 0.58 to 0.27—see Table 2), and

also for England (DCP reduces from 0.72 to 0.28 see Table 3).

It should be mentioned that the DCP‐vs‐timeline is a monotonically

decreasing function, indicating that the age distributions of the popula-

tion and the COVID‐19 infected people became more similar as time

passed. The daily tests per thousand people in the United States in-

creased from <0.01 on March 8 to 2.54 on August 31. This is evidence

indicating that more comprehensive testing results in more similarities

between the population age distribution and COVID‐19 age distribution.

In Figure 1 the age distribution of COVID‐19 and the population age

distribution of the United States in different months have been pre-

sented. The calculated values for the US also could be observed in

Table 1. From Figure 1, it is visible that the differences between the

curves are diminishing.

TABLE 1 Calculated values of DCP for 4 months, and the
relationship of this value with the extent of testing in the United
States

Date DCP Tests per 1000

May 0.32 0.79

June 0.23 1.44

July 0.16 2.26

Aug 0.14 2.54

Note: DCPs are probably undercounted.

Abbreviation: DCP, difference of age‐distributions of COVID‐19 and

population.
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The same trend for the value of DCP could be observed for Italy.

The last column of Table 2 presents the daily COVID‐19 positive

cases at the collection date in Italy. The data of Table 2 and Figure 2

suggest that as time passes, more asymptomatic people are tested

along with COVID‐19 positive cases.

Figure 2 represents the trend of changing COVID‐19's age dis-

tribution. From Figure 2, it is observed that the similarity between

the COVID‐19's age‐distribution curve and the population's age

distribution is progressively increased. Moreover, this trend is

monotonic. Therefore, in Figure 2H (which represents the Italy data

for October), the confirmed cases and the population lines are closer,

indicating more similarities between these values (Compare

Figure 2A and Figure 2H).

The same approach can be employed to analyze the weekly

status report, provided for England. Here, more sets of data (almost

17 weekly reports) are available, and therefore, more precise con-

clusions can be drawn. The number of confirmed cases and the cal-

culated DCP values for England have been presented in Table 3. The

trend of DCP values of England is also descending over time, and

from 0.72 in week 13, it is consistently decreased and reached a

value of 0.28 at week 39 (see Table 3).

Respective COVID‐19's age‐distributions and population's

age‐distribution of England have been depicted in Figure 3 and

the same conclusion can be drawn. This data has been provided

by England's national health institution and covers a smaller time

frame; therefore, the similarity between the age distributions of

COVID‐19 and the population over time could be observed more

easily. As expected, after the incidence of the outbreak, countries

got better prepared for COVID‐19 gradually, and various stra-

tegies had been adopted to both stop the spread and to track the

positive cases more accurately in many countries (i.e., “COVID

Tracking Project” in the United States, visit https://covidtracking.

com/).

It is well known that in the case of coronavirus disease, po-

sitive cases with no or mild symptoms would also transmit the

virus. Therefore, detecting such cases in most countries got more

and more critical over time. Moreover, in most of the involved

countries and at the very first steps of the outbreak, the number

of available test sets was limited. Therefore, tests were often

preferred to be used for people showing COVID‐19 related

symptoms.36 It has been shown that older adults are at increased

risk for severe illness and are at the highest risk.35 Proportionally,

TABLE 2 Calculated values of DCP for 8 months, and the
relationship of this value with the extent of testing in Italy

Date DCP Daily cases

31 March 0.58 4053

26 April 0.53 2325

26 May 0.51 397

30 June 0.50 142

28 July 0.48 181

25 August 0.44 876

22 September 0.34 1392

13 October 0.27 5901

Note: DCPs are probably undercounted.

Abbreviation: DCP, difference of age‐distributions of COVID‐19 and

population.

TABLE 3 Calculated values of DCP and the confirmed cases for
27 weeks in England

Week DCP Daily cases

13+ 0.72 25 133

14 0.6918 50 912

15 0.6299 77 422

16 0.5805 104 265

17 0.5471 131 586

18 0.5248 157 540

19 0.5106 176 317

20 0.4966 192 790

21 0.4874 206 427

22 0.4815 215 763

23 0.4762 223 165

24 0.4688 229 637

25 0.4617 235 373

26 0.4552 239 763

27 0.4492 243 539

28 0.4429 247 361

29 0.4351 251 452

30 0.4267 256 074

31 0.4176 261 095

32 0.4075 266 919

33 0.3943 273 589

34 0.3813 280 330

35 0.3671 288 277

36 0.3462 303 489

37 0.3235 322 517

38 0.3032 348 347

39 0.2816 377 732

Note: DCPs are probably undercounted. +The data of the report started

from week 13.

Abbreviation: DCP, difference of age‐distributions of COVID‐19 and

population.
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it is more likely that more tests had been devoted to this group

during the very first stages of the outbreak as they had been at

higher risks and also more visible symptoms were observed in this

group. Therefore, the age distribution of COVID‐19 left‐skewed in

the first days of the outbreak. As time passed, more tests were

available and more people with mild or even no symptoms were

also tested. This resulted in that the skewness of the age dis-

tribution gets reduced, and suggests that the age would not impact

the COVID‐19 transmission, but the disease would be more

symptomatic (with severe symptoms) in older ones.

4.3 | Lower bound estimation of COVID‐19
positive cases

An accurate estimation of the positive cases in the region is crucial

for the health care officials to control the spread of the pandemic. As

has been discussed, the true number of infected people is easily

underestimated as it is dependent on several factors. Mechanisms by

which the virus spreads are of great importance and affect the rate

of transmission. It has also been shown that the susceptibility to the

infection depends mainly on the viral load and the exposure to an

F IGURE 1 The juxtaposition of the age distribution of confirmed cases and the age distribution of population for (A) May, (B) June, (C) July,
and (D) August 2020 for the United States
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F IGURE 2 The juxtaposition of age‐
distribution of confirmed cases (Red Line)
and age‐distribution of the population (Blue
Line) for Italy during (A) March, (B) April, (C)
May, (D) June, (E) July, (F) August, (G)
September, and (H) October
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infected person.8,11 In the former section, it has been concluded that

the age distribution of COVID‐19 infected cases and the population's

age distribution for a region are expected to be similar in shape.

However, it is observed that in regions with relatively higher CFRs,

the age distribution of the infected cases is rather skewed towards

the elder ages part (see Figure 4B‐A). Furthermore, the observed

differences between the CFRs of regions with similar population's

age distributions are beyond the differences in the health care

quality and other such contributing factors. To explain these dis-

crepancies, we hypothesized that these inconsistencies stem in sce-

narios at which the testing has been occurred, especially at the early

stages of the outbreak. As discussed, at the beginning of the out-

break, the testing shortage was the main obstacle, preventing au-

thorities from estimating the true extent of the pandemic spread.37

F IGURE 3 The juxtaposition of age distribution of confirmed cases, and age distribution of England's population, for Weeks 13 to 37, 2020.

Blue Line: Age distribution of population, Red Line, Age‐Distribution of Confirmed Cases
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At the very first stages, the limited testing capacity had only been

devoted to analyzing the infected people, often showing COVID‐19
symptoms. Moreover, many studies and observations support the

fact that the COVID‐19 in elder people would be more symptomatic,

and thus, more noticeable. That explains the high positive rates at

the beginning of the outbreak. Later, people which have been ex-

posed to confirmed COVID‐19 positive cases have also been tested.

However, the symptomatic positive cases, more prevalent among the

younger age groups, normally would have gone unnoticed, whereas

they equally contribute to the spread of the virus in society.38

To address the aforementioned inconsistencies, the data on the

oldest age group (i.e. >80‐year‐old) have been considered. Assuming that

due to the severity of symptoms, “all” of the positive cases in this age

group are identifiable, the ratio of the positive cases over the entire

population has been calculated. Definitely, it is not realistic to assume

that “all” of the positive cases were identified; that's why the real number

F IGURE 4 The juxtaposition of age‐distribution of confirmed cases, region's population, and estimated positive cases for Spain, Italy, South
Korea, and Germany
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of positive cases would be even higher, and this conservative assumption

has been made to calculate the lower‐bound estimation. Next, the cal-

culated ratio was applied to the populations of other age groups to

estimate the minimum number for the positive cases, and consequently,

to estimate the conservative true number of positive cases. The reason

that the obtained estimation is a lower bound of positive cases is two‐
folded:

1. the method assumes that all of the infected cases in the>80 age

group were identified; and

2. people of this age group have comparably less chance of exposure

to the virus, compared to the younger population, often with

more social interactions.

Lower bound estimation results are summarized in Table 4 for dif-

ferent regions. Here, the data suggests that for example for Italy, al-

though at March 31, 94 088 confirmed cases have been identified, the

true number of infected people at the corresponding date would be more

than 237086, almost 2.5‐folds higher. For comparison, Spain reported

119994 confirmed cases for mid‐April, and Germany reported a higher

number of 126 937 for almost the same date. By direct comparison of

the data on the confirmed cases of Spain and Germany, one may con-

clude that the disease has almost similar conditions in these two coun-

tries, and the situation of Spain may be considered to be slightly better

than Germany. However, the reality differs. The lower bound estimate

values suggest that the true number of confirmed cases in Germany (at

the corresponding date) would be much lower, almost 145171, com-

pared to 360988 in Spain. In fact, the true number of confirmed cases,

and so the COVID‐19 risk in Spain would be 2.5 times higher than

Germany. Therefore, it is really misleading to directly compare the re-

ported confirmed cases between countries. The third column of the table

presents the ratio of the lower bound estimate to the confirmed cases

LBE/CC, for these regions. Data suggest that LBE/CC for countries with

lower CFRs, namely South Korea and Germany, is very close to 1.0. This

ratio is much greater than 1.0, for the other two countries with higher

CFRs, namely Italy and Spain.

Figure 4 juxtaposes the age distribution of the resulting lower bound

estimate with that of the confirmed cases and region's population for

Italy, South Korea, Germany, and Spain. Interestingly, the age distribu-

tions of the estimated positive cases and population of the countries with

lower CFRs (South Korea and Germany), are very similar. On the con-

trary, in Italy and Spain with higher CFRs, the discrepancy between the

two distributions is more strongly pronounced.

5 | CONCLUSION

Accurate estimation of the fraction of infected people is crucial when

a communicable disease outbreak, such as COVID‐19 occurs in a re-

gion. Testing is the window onto the pandemic; however, the results of

tests are often prone to be misinterpreted for portraying the big

picture of the outbreak, especially at its early stages. In this study,

publicly accessible data for several developed countries were used to

estimate the real dimensions of the pandemic. First, the age dis-

tribution of COVID‐19 and the age distribution of the population of

some affected countries were compared and analyzed. Results showed

that more progressive similarities occur between these two distribu-

tions, as time goes by (as the testing is improved). In other words, no

large difference in susceptibility to COVID‐19 by age has been found.

In the second part, a method was developed for estimating the lower

bound of the true number of positive cases in the region. The method

was based on the reported test data of the oldest age group (people

older than 80 years) and the regions' population age distributions. The

proposed estimation method improved the expected similarity be-

tween the age distribution of positive cases and the region's popula-

tion. Moreover, it was observed that regions with higher CFRs show

more discrepancy between the age distribution of confirmed cases

and the region's population. The discrepancy was quantified by cal-

culating the error of the confirmed cases against our estimated lower

bound. This leads to a more accurate estimation of true COVID‐19
positive cases, which can help policymakers assess how the country/

community is doing in regard to COVID‐19 and when and how strict

the mitigation policies should be.
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TABLE 4 The juxtaposition of the age
distribution of the resulting lower bound
estimation with that of the confirmed
cases and region's population for four
different countries Country

Collection

date

Confirmed

cases (CC)

Lower

bound

estimate

(LBE) LBE/CC DCP CFR%a

Median

age33

Italy March 31 94,088 237,086 2.52 0.58 ~14.2 46.5

Spain April 13 119,994 360,988 3.01 0.56 ~12.2 43.9

South Korea April 15 10,591 13,203 1.25 0.33 ~2.1 43.2

Germany April 15 126,937 145,171 1.14 0.32 ~2.6 47.8

Note: DCPs are probably undercounted.

Abbreviation: DCP, difference of age‐distributions of COVID‐19 and population.
aCalculated based on the regression method presented in Center for Disease Control and

Prevention.34
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