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Abstract. There are many hard-to-reconcile numbers circulating concerning Covid-19.
Using reports from random testing, the fatality ratio per infection is evaluated and used
to extract further information on the actual fraction of infections and the success of their
identification for different countries.

1. Introduction

There are many hard-to-reconcile numbers circulating concerning the new corona virus.
A wide range for the fraction of the population with positive tests for Covid-19 has been
reported, with orders of magnitude differences in the case fatality ratio (CFR) in different
countries. Getting a better understanding of the fraction of the population that has been
infected with Covid-19 and of its lethality is of utmost importance for guiding further
actions. This paper presents an analysis of publicly available random testing data and is
aimed at providing information on the number of infections and the lethality of the novel
corona virus. This is quantified as an infected fatality ratio (IFR). The lethality of Covid-
19 is very important to understand as a guide to the type of confinement measures that
should be used: clearly, a high lethality would indicate strong measures are necessary and
makes controlling the epidemic even more important.

The probability of detecting carriers of the virus is a further very important topic, as this
probability will be directly correlated with the effectiveness of social tracing measures to
control the spread of the virus. In this article, the extracted IFR results from the random
testing data are used to evaluate this infected reporting ratio.

The data from random testing that have been made available in some form to-date
(primarily as reports in newspaper articles) are employed to address these various questions.
This is not a fine-grained analysis - only the extraction of probable ranges for our quantities
of interest for large populations are attempted. It is also quite preliminary, as there is
limited random testing data available and the level at which this data is truly representative
of the broader population is not clear. Nevertheless, we find that the reported data are
largely self-consistent and therefore offer some guidance.
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2. The Data

The data considered for the extraction of the IFR of Covid-19 is the available data as
of April 20, 2020 from random tests of population samples. Ten such tests were identified,
only two of which have been published. These ten data sets are given in Table 1 and are the
basis for this analysis. Since only the first two have been published, it is likely that some
of the data used will be revised and this adds some uncertainty to the results we extract.
It is intended that this analysis will be updated as improved data becomes available.

We note that we will be interested in relating the number of deaths due to Covid-19 to
the number of infections, and that there is a time lag between infection and death. This
time-lag is not known precisely and an assumption has been made for the further analysis
that it is appropriate to count deaths 14 days post the number of infections. Our results
will depend on the correctness of this assumption. For the analysis of the random data, we
used the dates of the test, which record the level of the population sample that has been
infected, and looked at reported deaths approximately 14 days after the testing dates.

2.1. Data treatment. The data were taken at face value where possible. Nevertheless,
some estimates were necessary since not all required information was available. In partic-
ular, the following should be taken into account:

• The dates at which the tests were performed in Chelsea, Massachusetts could not
be found but are assumed to be in the first week of April. The tests excluded
patients who had tested positive for the virus from nasal swabs.
• The Kreis-Heinsberg positive test number was estimated from the 14 % antibody

positive tests reported in [4] .
• The tests in Johnson county are from April 10, so only 10 days prior to the number

of deaths reported.
• The number of positive tests in LA county were estimated based on the reported

fraction of positive tests in [6], where 4.1 % of the tested cases were reported to
have the antibody to the virus.
• The number of positive tests in New York State was estimated based on the reported

fraction of positive tests in [7]. Numbers were reported for New York City and New
York State. The state-wide results were taken here since they are in principle more
precise. The fraction of positive tests for the antibodies was reported as ‘nearly
14 %’, from 3000 tests. The number chosen for the analysis was 425 positive cases,
representing 13.8 % positive test ratio.
• The number of positive tests in Austria was estimated based on the reported frac-

tion of positive tests in [8]. There it is reported that the fraction of positive results
in 1544 ‘weighted’ random tests was 0.33 %, which corresponds to 5 positive cases.
The number of deaths from Covid-19 was taken from April 17, 2020.
• The number of positive tests in Sweden was estimated based on the reported frac-

tion of positive tests in [9]. There, test results from 773 tests between 27/3 and
3/4 resulted in a 2.5 % positive outcome, yielding approximately 19 positive cases.
The number of deaths from Covid-19 was taken from April 14, 2020.
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Table 1. Data used in the analysis. The numbers related to the random
tests are from the source given in the last column. The symbol N is used
to represent the number of tests, while k is the number of positive results.
The numbers on population are from readily accessible web resources. The
numbers of deaths are from reports from the local authorities and are for
approximately two weeks after the tests were carried out. The numbers
in the columns ‘infected’ are those taken from the sources when they are
available. The uncertainty range for both cases listed correspond to 95 %
probability intervals.

Study N k Population Deaths Infected Source

Santa Clara 3300 50 1928000 83 2.8 +-0.75 [1]
Iceland 2283 13 364134 9 0.6 +-0.30 [2]
Chelsea 200 64 40160 39 [3]

Kreis Heinsberg 500 70 254000 58 [4]
Johnson County 330 9 602401 30 [5]

LA County 863 35 7890000 797 [6]
New York 3000 415 19450000 15740 [7]

Austria 1544 5 8859000 410 [8]
Sweden 773 19 10230000 919 [9]
Miami 1800 108 2717000 287 [10]

• The number of positive tests in Miami (Dade County) was estimated based on the
reported fraction of positive tests in [10]. There, it is said that ‘nearly 1800 indi-
viduals have participated in the program’ and ‘6 %’ tested positive for antibodies.

The values in Table 1 can be displayed in different ways. One choice is to plot the ratio
of the number of positive tests for antibodies to the number of cases tested and this is
displayed in Figure 1 for the available sets of tests. In the first two cases, further analyses
have been carried out by the authors and a number of corrections have been applied to
the data to make them more representative of the full population. The extracted positive
fraction after this further analysis, as reported in the respective papers, is shown with the
quoted uncertainty. The reported interval in both cases contains 95 % credibility.

As can be seen in the figure, there is a wide range in the fraction of positive tests,
from 0.33 % in Austria to approximately 30 % in the Chelsea study. The numbers of
tested individuals are typically small, so that appropriate statistical treatment is necessary.
Furthermore, although the tests are initially intended to represent random samplings of
the population, there are surely biases. A discussion of these possible biases is beyond the
expertise of this author.

A second data set that was used to draw conclusions is country-wide data from [11] for
a selection of 22 countries given in Table 2. This is the subject of more detailed discussion
in Section 4. The numbers in Table 2 relating to diagnosed infections are as of April 6,
2020 while the number of deaths are from April 20, 2020. The CFR shows a very large
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Figure 1. The fraction of positive tests from the randomized tests available
to date. The solid black symbols represent the observed fraction (positive
tests/number tested) while the diamond shaped symbols with error bars
are from the analysis performed by the authors of the papers. The legend
indicates the numbering of the studies.

range as seen in Figure 2. These go from less than 1 % for Australia to over 30 % in the
UK. This huge range in CFR is most likely due to testing procedures, numbers of tests,
etc and the values are not strongly correlated to the actual lethality of Covid-19.

3. Analysis - IFR

The basic assumption made in this article is that, for a large enough sample population,
the IFR from Covid-19 should not differ widely across different countries or large geograph-
ical areas. There are clearly very significant differences in IFR amongst age groups, and
many other factors play crucial roles in individual cases such as medical preconditions or
the availability of top-rate medical services. It is assumed that these will tend to aver-
age out for large (say 100,000 or more) population groups in many countries so that it is
meaningful to talk about the average lethality of the disease for these areas. Given this as-
sumption, it becomes possible to track the average number of infected people based on the
number of recorded deaths due to Covid-19. It is clearly important that the randomized
studies used for the analysis give a fair estimation of the infected fraction of the population
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Figure 2. Case fatality ratio (CFR) based on data from [11]. The deaths
were taken as of April 20, 2020 while the number of diagnosed cases are
from April 6. 2020.

for the geographical area it represents. The samples are still quite small and questions have
been raised about their representativeness, but they nevertheless offer a valuable starting
point.

To arrive at the all-important IFR results, the data in Table 1 were analyzed as follows.
First, the probability of a positive test in a random sample was taken to follow a Binomial
distribution

(1) P (k|N, f) =

(
N

k

)
fk(1− f)N−k

where f represents the probability that a person in the area of interest is infected, N is
the number of random tests performed, and k is the number of positive tests. The value
of f clearly varies widely across the different areas as seen in Table 1 and Figure 1.

The probability of having a number of deaths D given a population size P is then taken
to follow a Poisson probability distribution as the IFR is known to be a small number. We
have that the expected number of infected people in the sample is

I = f · P
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and the expected number of deaths due to Covid-19 from this number of infected people
will be (after the appropriate lag time)

λ = r · I
where here r is the individual IFR for the particular sample. We note that the number of
deaths is counted significantly later than the number of infected people (in this analysis,
14 days later). The probability of observing D deaths is then

P (D|λ) =
e−λλD

D!
In terms of the parameters that we use in the analysis, we write this as

(2) P (D|f, r, P ) =
e−rfP (rfP )D

D!

To implement the condition that IFR should not differ too broadly in different areas,
the individual IFR values, ri in the different regions were given a probability derived from
a log-normal distribution:

(3) P (ri) =
1

riσ
√

2π
exp

[
−1

2

(
ln(ri/µ) + σ2/2

σ

)2
]

.

This introduces two further parameters in the analysis, µ and σ, that control the log-
normal distribution. The parameter µ is the mean of the log-normal distribution while σ
controls the width of the distribution. It is important to realize that the distribution that
we extract for the IFR is the main result of the analysis. I.e., we are not expecting
a single value for the IFR is all regions, but expect that all values are within roughly a
factor 2-3 of each other, with variations depending on the particular conditions in the area
under consideration. The extracted distribution should represent in some approximate way
the distribution of IFR across a wide range of conditions. Once we extract the parameters
of this distribution, we then use it to define a range of infections for different countries in
the next section.

The analysis is carried out using Bayes Theorem to yield the probability distributions
on the parameters of interest:

P (r, f , µ, σ|k,N,P,D) =
P (D,k|r, f , µ, σ,N,P)P0(r, f , µ, σ)∫

P (D,k|r, f , µ, σ,N,P)P0(r, f , µ, σ)d(r, f , µ, σ)

where the bold-faced symbols represent vectors of numbers. The analysis was carried out
using the Bayesian Analysis Toolkit (see [13]). To extract the results on single parameters
of interest, we integrate the posterior probability distribution over all other parameters.

The individual terms in our expression are given as follows: we have that

P (D,k|r, f , µ, σ,N,P) = P (k|f ,N)P (D|f , r,P)
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where the two terms on the right hand side of the equation are products of terms of the
kind given in Equations 1 and 2.

The prior probabilities are written as

P0(r, f , µ, σ) = P0(f)P0(r|µ, σ)P0(µ)P0(σ)

where we have taken uniform priors for f as well as for µ and σ. The prior probability for
the values of r are given by the form in Equation 3. The range of shapes allowed by the
log-normal distribution is displayed in Figure 3.

Figure 3. The log-normal distributions for the extremes of the parameter
ranges allowed in the analysis are shown in the black and red curves. All
log-normal distributions with shape between these extremes are allowed in
the analysis. The shape of the distribution from the fit to the data in Table 1
using the most probable values of the probability distributions for µ and σ
is shown in orange.

Fitting the data in Table 1 yields the results shown in Figures 3 and 4. The parameters
µ and σ determine the shape of the probability distribution of IFR. The shape of the log-
normal distribution using the best-fit parameter values is shown in Figure 3. The best-fit
distribution is comfortably between the limits set in the analysis.

The results from the IFR analysis are displayed in Figure 4. The overall range of values
of IFR from the log-normal distribution is shown together with the individual ri results
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extracted from the fit. For the individual fits, 95 % uncertainties are plotted, while both the
68 % and 95 % central probability range of IFR from the log-normal distribution is plotted
at every data point. In addition to these results, the simple scaling result (Deaths resulting
from Covid-19 as of April 20, 2020) divided by the observed positive test fraction and the
population of the area under study are also shown. While there is some spread in the
results derived from different studies, the range is not so large ranging from approximately
0.17 % to 0.58 % (with the exception of the test in Austria, which is based on very small
numbers of positive tests). As a reminder, we are working with the raw numbers available
from the different reports used without any corrections. While there should most likely
be corrections applied, the author does not have the expert knowledge necessary to apply
corrections. It is not clear in which direction the corrections would go. It is anticipated that
for many of the studies, there are proportionally more tests performed for not-too-young
and not-too-old citizens.

As a next step, we use these results to evaluate the infected fractions in different countries
and evaluate the effectiveness of diagnosing positive cases using currently used methods.

4. Analysis - infections and diagnosis

We now take the results from the IFR analysis and apply it to different countries to
evaluate both the degree of infections as well as the effectiveness of recognizing infected
and infectious cases. For this, we use the data given in Table 2. The data concerning the
number of diagnosed cases as of April 6, 2020 and the number of deaths as of April 20,
2020 are from Reference [1]. The population numbers are from [12].

These data now allow us to estimate the fraction of the population that has been infected
with the novel corona virus as of April 6, 2020. This is shown in Figure 5 and the results
are also given in Table 2. The uncertainties shown in the Figure are based on the 68 %
central probability interval for the IFR distribution evaluated in the previous section. This
uncertainty dominates residual uncertainties due to the small number of recorded deaths
in some of the countries listed in the table. As is seen from these results, the percentage of
infected individuals in most countries is estimated to be in the single digits. The table also
shows the results using the 95 % central probability interval from the IFR distribution.
Countries that are believed to have smaller IFR will have an infected fraction value toward
the upper end of the allowed range. The converse is true for countries that are believed
to have a larger IFR than average. While these numbers are displayed on a country-wide
basis, a similar analysis could also be performed for more limited regions.

The fraction of the infected population that has been identified is then calculated as
the ratio of positively diagnosed cases (see Table 2) to the estimated value for the infected
population. These results are shown in Figure 6 where the 68 % central probability interval
of the IFR distribution was used to define the uncertainty on the reporting. The reported
percentages of diagnosed cases are typically also estimated to be in the single digit range.
Note that the same IFR range was used for all countries. If a given country is believed to
have a lower IFR than the average, then for that country the reporting fraction will tend
to be smaller, and vice-versa.
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Figure 4. The results of the infected fatality ratio (IFR) analysis. The
black symbols represent the values obtained from a simple scaling of the
results in Table 1: i.e., (deaths as of April 20, 2020) divided by (positive
tests/ number tested) and population. The starred symbols show the IFR
values evaluated for the individual area studies (i.e., the individual ri values)
together with the associated 95 % central probability interval for ri. The
result for the overall lFR distribution is also shown for each data point.
The green vertical bars show the 68 % central probability interval of the
distribution, while the red bars indicate the 95 % central probability inter-
val.

5. Conclusions

An analysis of available random testing data has been performed in order to extract
information on the lethality of the Covid-19 virus. Assuming this lethality does not vary
widely across large population groups, the information was used to extract the fraction of
infected individuals in a number of countries and to also estimate the fraction of infected
individuals that have been reported as positively identified. A number of caveats apply:

• The random test samples used in the IFR analysis are quite small
• The data sets, although quoted as random, are likely biased samples of the popu-

lation groups targeted
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Table 2. Data used in infection tracing and infected fraction analysis. The
diagnosed cases are as of April 6, 2020 and the number of deaths are as of
April 20, 2020. The last column shows a main result of this analysis, which
is the probable range of infected individuals as of April 6, 2020. The range
covers the 68 % and 95 % central probability intervals of the IFR distribu-
tion.

Country/Area Population Recorded cases deaths Infected Range (in %)
68 % interval 95 % interval

Australia 25500000 5744 70 0.1 - 0.2 0.0 - 0.4
Austria 9006000 11983 452 1.3 - 3.4 0.5 - 6.7

Belgium 11589000 19691 5683 12.4 - 33.7 4.4 - 65.4
Canada 37742000 15496 1580 1.1 - 2.9 0.4 - 5.6

Switzerland 8654622 21022 1134 3.3 - 9.0 1.2 - 17.5
China 1439323776 82642 4636 0.1 - 0.2 0.0 - 0.4

Germany 83783942 95391 4404 1.3 - 3.6 0.5 - 7.0
Denmark 5792000 4369 355 1.5 - 4.2 0.6 - 8.2

Spain 46754778 130759 20453 11.0 - 30.1 4.0 - 58.3
Finland 5540720 1927 94 0.4 - 1.2 0.2 - 2.3
France 65273511 70478 19718 7.6 - 20.8 2.7 - 40.3

UK 67886911 47806 16060 6.0 - 16.3 2.1 - 31.5
Poland 37846611 4102 360 0.2 - 0.7 0.1 - 1.3

Israel 8655535 8430 172 0.5 - 1.4 0.2 - 2.6
Italy 60461826 128948 23660 9.9 - 26.9 3.5 - 52.2

Japan 126476461 3654 171 0.0 - 0.1 0.0 - 0.2
South Korea 51269185 10284 236 0.1 - 0.3 0.0 - 0.6
Netherlands 17134872 17851 3684 5.4 - 14.8 1.9 - 28.7

Norway 5421241 5640 154 0.7 - 2.0 0.3 - 3.8
Portugal 10196177 11278 714 1.8 - 4.8 0.6 - 9.3
Sweden 10099265 6830 1540 3.8 - 10.5 1.4 - 20.3

United States 331002000 337635 40682 3.1 - 8.4 1.1 - 16.4

• The results from this paper rely on the time lag between infection (reporting) and
death. The assumptions used may not be accurate.

The results presented in this simple analysis contain both positive and negative messages.
The positive message is that the extracted IFR is likely below 1 %. It should however be
remarked that the value has been extracted from wealthy countries with state-of-the-art
medical care. It is likely that higher rates will be found in other regions.

However, the number of cases that have been reported is a small (typically less than
10 %) fraction of the infected population and this will make contact tracing more difficult.
Indeed, a higher identification fraction will likely be necessary for contact tracing alone to
stop the pandemic (see [14]). However, there is no need to assume that contact tracing
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Figure 5. The fractions of the population for the countries listed in Table 2
that have been infected with COVID-19 as of April 6, 2020. The points are
evaluated using the median value of the IFR distribution, while the error
bar is calculated using the 68 % central probability interval of the IFR
distribution.

alone will be used to slow or stop the epidemic, and it will form just one of the approaches
to limiting the spread of Covid-19 and further novel viruses. This is clearly foreseen and
effective measures such as wearing face masks and adhering to more social distancing will
also likely bring a significant positive effect.

Finally, it should be clear that there are still very large uncertainties on the parameters
extracted in this analysis. A much greater level of random testing will make the parameter
inference much more reliable and is strongly supported!
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Figure 6. The fraction of the infected population for the countries listed
that has been positively identified and reported (as of April 6, 2020). The
central value indicated is from using the median values of the log-normal
distribution of IFR. The error bar results from taking the 68 % central
probability interval of this distribution.
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