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After Less Than 2 Months, the Simulations
That Drove the World to Strict Lockdown
Appear to be Wrong, the Same
of the Policies They Generated

Alberto Boretti1

Abstract
Here, we review modeling predictions for Covid-19 mortality based on recent data. The Imperial College model trusted by the
British Government predicted peak mortalities above 170 deaths per million in the United States, and above 215 deaths per
million in Great Britain, after more than 2 months from the outbreak, and a length for the outbreak well above 4 months. These
predictions drove the world to adopt harsh distancing measures and forget the concept of herd immunity. China had peak
mortalities of less than 0.1 deaths per million after 40 days since first deaths, and an 80-day-long outbreak. Italy, Belgium, the
Netherlands, Sweden, or Great Britain flattened the curve at 13.6, 28.6, 9.0, 10.6, and 13.9 deaths per million after 40, 39, 33, 44,
and 39 days from first deaths, or 31, 29, 24, 38, and 29 days since the daily confirmed deaths reached 0.1 per million people,
respectively. The declining curve is much slower for Italy, the Netherlands, or Great Britain than Belgium or Sweden. Opposite to
Great Britain, Italy, or Belgium that enforced a complete lockdown, the Netherlands only adopted an “intelligent” lockdown, and
Sweden did not adopt any lockdown. However, they achieved better results. Coupled to new evidence for minimal impact of
Covid-19 on the healthy population, with the most part not infected even if challenged, or only mild or asymptomatic if infected,
there are many good reasons to question the validity of the specific epidemiological model simulations and the policies they
produced. Fewer restrictions on the healthy while better protecting the vulnerable would have been a much better option,
permitting more sustainable protection of countries otherwise at risk of second waves as soon as the strict measures are lifted.
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Introduction

Modeling of infectious diseases is usually carried out by using

“compartmental models” where a population is divided into

compartments. Every individual in the same compartment is

supposed to have the same characteristics. These models are

used to predict the spreading of a disease, the number of

infected or deaths, and the duration of the epidemic. The sim-

plest model, the susceptible, infected, recovered or dead (SIR)

model by Kermack and McKendrick is dated 1927.1 In this

model, S stands for susceptible, I for infected, and R for recov-

ered. This model describes the number of people infected in a

closed population over time. It was proposed to explain the

rapid rise and fall in the number of infected patients observed

during epidemics. The population size is fixed, the incubation

period of infection is instantaneous, the duration of infectivity

is the same as the length of the disease. The population is also

homogeneous with no age, spatial, or social structure, and no

comorbidities. The Kermack and McKendrick model went for-

gotten for 50 years and only returned popular in 1979.2 The

model consists of a system of 3 coupled ordinary differential

equations,3

dS

dt
¼ �b � S � I
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dI

dt
¼ b � S � I � g � I

dR

dt
¼ g � I

where t is the time, b is the infection rate, and g is the rate of

recovery. The average number of days to recover from infec-

tion is

Dt ¼ 1

g

� �

and the basic reproduction number is

R0 ¼
b
g

� �

R0 is the key parameter governing the time evolution. It

is the number of secondary infections caused by a single

primary infection. The “recovered” class is better inter-

preted as the “removed” class of those who had the disease

and have recovered, are immune, or had the disease but

were isolated until recovered.4 This model can be modified

to include the number of deaths. The death rate can be taken

equal to the time rate of change of the number of closed

cased R

dM

dt
¼ g�

dR

dt
¼ g� � g � I

where g* is the percentage of deaths in closed cases.

The values of g*, g, and b are empirically determined. This

is a major issue at the start of a new epidemic, as these numbers

are not known with accuracy. Furthermore, mathematics is too

simple to be effective.

More complicated versions of this basic SIR model have

been developed to better reflect the actual epidemiologic of a

given disease. However, they still share the same backbones

structure of the original SIR,1 and they still depend on infor-

mation difficult to have at the start of an epidemic. Because of

these downfalls, the most of the studies developed in China

after the severe acute respiratory syndrome (SARS) epidemic

have been mostly fitting techniques,5 and in a fewer cases SIR

models,6,7 stochastic individual-based models,8,9 spatiotem-

poral models10 autoregressive integrated moving average

(ARIMA) models,11 and small-world network models.12 The

different approaches still rely on empirical evidence, and to be

reliable they should be continuously calibrated through com-

parison with novel evidence.

Despite not that different from the original SIR model, com-

partmental models such as13-15 were used to inform policy

makers more than 2 months ago and have not been revised, yet

despite the novel evidence has demonstrated they were wrong.

Here, we review the supporting data, and model performances,

for the Covid-19 outbreak, and also discuss efficacy and sus-

tainability of the measures they generated.

Covid-19 Statistic

Covid-19 statistics are available from many sources, for exam-

ple, from the study by Wordometers.16 Different countries are

experiencing different severity of the outbreak and sometimes

similar outcomes adopting different distancing approaches. Of

relevance for Covid-19 is the age statistic or the statistic of

comorbidities.16 The probability of dying if infected by the

virus and requiring treatment dramatically increases with age

and preexisting medical conditions (comorbidities). For those 0

to 50 years of age without any preexisting conditions, the prob-

ability of a fatality following infection is less than 1%.16 Data

from South Korea, where there has been the best tracking so far

from Covid-19, show that more than 99% of the cases in the

general population are mild and do not require any medical

treatment. The small percentage of cases that require medical

treatment is all among those older than 60 years or with comor-

bidities. Data from Wuhan, China, show the same pattern.

Apart from the vulnerable for age or comorbidities, it is not

very likely that Covid-19 will produce fatalities.

The number of infected is not known with certainty, as

testing has been so far very limited, with most of the asympto-

matic or mild missing from the statistic. Therefore, it makes

sense to focus on the number of deaths. Figure 1 presents in (A)

the daily confirmed deaths per million plus in (B) the total

mortalities from China, of population 1.5 billion people.

Finally, in (C) and (D) is the nondimensional and dimensional

daily mortality from China, Italy, Belgium, Great Britain, Swe-

den, and the Netherlands since daily deaths were first reported.

The nondimensional values are normalized versus the peak

value. While the infection dynamic for China and Italy has

been very different, and similarly very different has been the

death rate per million people, the mortality peak has been

achieved after the same number of days, with a similar pattern.

The total duration of the outbreak in China with more than 5

deaths per day has been 67 days.

China had peak mortalities of less than 0.1 deaths per mil-

lion after 40 days since first deaths, and an 80-day-long out-

break. Italy has flattened the curve at 13.6 deaths per million

after the same 40 days, and the curve is now declining. This is

also after 31 days since the daily confirmed deaths reached 0.1

per million people. The declining curve is, however, much

slower. Belgium flattened the curve at 28.8 daily deaths per

million, after 39 days from first deaths and 29 days since the

daily confirmed deaths reached 0.1 per million people. Bel-

gium had a faster growing rate but also a faster declining rate

versus Italy. The Netherlands flattened the curve at 9.0 daily

deaths per million, after 33 days from first deaths and 24 days

since the daily confirmed deaths reached 0.1 per million peo-

ple. The Netherlands had an even faster growing rate but also a

slow declining similar to Italy. Sweden flattened the curve at

10.6 daily deaths per million, after 44 days from first deaths

and 38 days since the daily confirmed deaths reached 0.1 per

million people. Sweden slows a rapid decline. Finally, Great

Britain flattened the curve at 13.9 daily deaths per million, after

39 days from first deaths and 29 days since the daily confirmed
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deaths reached 0.1 per million people. Great Britain slows a

decline much slower Sweden. Opposite to Great Britain, Italy,

or Belgium that enforced a complete lockdown, the Nether-

lands only adopted an “intelligent” lockdown, and Sweden did

not adopt any lockdown. However, they achieved better results.

The above number of deaths also has uncertainties. There

are many deaths attributed to Covid-19 without any tests per-

formed. The US Centers for Disease Control and Prevention

(CDC’s) National Vital Statistics Service’s explicit instructions

say, “It is important to emphasize that coronavirus disease 19,

or Covid-19, should be reported for all decedents where the

disease caused or is presumed to have caused or contributed to

death.” Similar instructions are followed in France, Italy, or

Spain. Additionally, regarding the mortality rate, the numbers

for Europe and the United States are overestimated also

because the number of tests performed is insufficient, and most

of the asymptomatic and mild infections are missing. Except

for the elderly individual, mortality from the virus is very low

without an illness.

The outbreak of Covid-19 in China is not certainly defini-

tively closed, as second waves are still possible. Most of the

European countries have already achieved some sort of control.

To bring the pandemic to an end, countries have to bend the

curve to achieve a plateau and then a decline in the number of

daily cases. Those who achieved the bending of the curve with

harsh distancing and generalized lockdown measures are now

fearing the opportunity of second waves when these measures

will be lifted. Those who achieved the same or better results

through less distancing, do not have this risk.

Belgium and the Netherlands, which are neighboring coun-

tries with common many villages that are divided in Belgian and

Dutch sides, are one indication that harsh distancing and general-

ized lockdown does not pay. Belgium adopted much more

severe, and the Netherland much less severe, distancing mea-

sures. The Netherlands peaked at less than 9 over a million,

while Belgium peaked at almost 29 over a million. Saudi Arabia

and South Korea are relatively stable at about 0.1 over a million.

China had peak mortalities of less than 0.1 deaths per million

after 40 days since first deaths, and an 80-day-long outbreak.

Italy flattened the curve at about 13 deaths per million after the

same 40 days. South Korea did not prevent any basic freedom

because of the pandemic and they also regularly run their elec-

tions during the outbreak. Thus, it seems the distancing measures

exceeding the sustainable and necessary do not pay.

The Covid-19 death rate for the Hubei Province16 computed

as total deaths versus total population is 5.35 � 10�5. The

Figure 1. (A) Daily mortalities per million from countries in Europe, the United States, and Canada, plus South Korea, Australia, and Saudi
Arabia, (B) total mortalities from China, of population 1.5 billion people. Images reproduced from ourworldindata.org/coronavirus-data. C,
Nondimensional daily mortalities per million from selected countries since daily deaths were first reported. The values are normalized versus
the peak value. D, Daily mortalities per million from the same selected countries since daily deaths were first reported. Data from the European
Centers for Disease Control and Prevention (CDC).
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Covid-19 death rate for China16 similarly computed is 2.27 �
10�6. Although some more deaths will certainly occur, these

numbers should be compared to the US CDC published death

rate for the common flu in the United States, that is, 1.85 �
10�4, one order of magnitude larger than the Hubei Covid-19

death rate, and 2 orders of magnitude larger than the China

Covid-19 death rate.17 The US CDC17 estimates 9.7 to 45

million cases of common flu per year in between the 330 mil-

lion US population, with a need for hospitalization for 140 000

to 810 000, and a death toll of 12 000 to 61 000.

Covid-19 Models Predictions

Regarding Covid-19 predictions, according to the US CDC,13

between 160 and 214 million people could be infected only in

the United States, and as many as 0.2 to 1.7 million people

could die. In all, 1.7 to 330 million people is 5.15 � 10�3. This

is roughly 2 orders of magnitude larger than the Hubei experi-

mental death rate, and 3 orders of magnitude larger than the

China experimental death rate. British academics are pushing

even higher the bar. More than 500 000 deaths in the United

Kingdom, and 2.2 million deaths in the United States, were

predicted “if the government take no action.”14,15 Figure 2

presents in (A) the computations of the study by Adam and

Ferguson et al14,15 and (B) and (C) the comparison of these

results with the simple SIR model proposed in the previous

section of the listed parameters. More than 4 months of the

outbreak are predicted in Great Britain, April, May, June,

and July.14,15 Respiratory diseases, including the SARS epi-

demic, usually remain about 2 months in any given popu-

lation. The peak of mortality was 21 every 100 000, or 215

per million.14,15 The number of fatalities is extremely wor-

rying. A marginally longer period but with a peak of mor-

tality reduced to 17 every 100 000, or 170 per million, were

predicted in the United States.14,15 Also this number of

fatalities is extremely worrying.

The US CDC and some British academics thus promoted the

view that a large proportion of the population of the United

States or Great Britain could only survive through extreme

distancing measures, which are much harsher than those

adopted in China, Taiwan, South Korea, Japan, the Nether-

lands, or Sweden, as otherwise there could be 3 orders of mag-

nitude more deaths than China. Not a surprise if-then panicking

has been driving the health policy for Covid-19 in Great Britain

and the United States.

The source of the information proposed in the work14 is the

paper,15 still at the preprint stage, that is, a result that has not

passed yet any peer review. Preprint articles have not been

finalized by authors, might contain errors, and report informa-

tion that has not yet been accepted or endorsed in any way by

the scientific community. Nevertheless, journalists and policy

makers did not consider this aspect, as the work has yet to be

evaluated by the scientific community and the information

presented may be erroneous. Similarly, they did not consider

alternative simulations and do not consider now the opportu-

nity to revise the models.

Models simulating the spreading of diseases are mostly

properties of academic groups. These models have similar

mathematical principles, sharing the backbones of the SIR

model.1 The current compartmental models are more compli-

cated than the SIR model while sharing basic principles. They

include additional effects but are reliant on much more empiri-

cal evidence to work reasonably well. The latest models need

many more assumptions, for example, in some models, it is

assumed a perfectly and evenly mixed population, and infected

people equally infectious recovery or death. This is rarely the

case. Some other models subdivide people into smaller groups

by social mixing.14 Apart from the basic modeling assump-

tions, then the models need information that is impossible to

be estimated at the start of an epidemic, such as the mortality

rate, or the basic reproduction number R0
15 estimated that

about 0.9% of the infected would die and that R0 is about

2.6. As discussed later, these numbers appear now overesti-

mated. Because of the lack of adequate testing, those who have

Figure 2. A, Computations of the death rate from the study by
Adam14 for Great Britain and the United States. Data digitized from
the study by Adam and Ferguson et al.14,15 B and C, Comparison of
these results with the simple SIR model having the listed parameters.
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been challenged or infected but did not require special care do

not appear in the statistic. We simply do not know the

details of how many people have been infected with mild

symptoms or asymptomatic and have recovered, as nobody

is testing for past infections. Similarly, we do not know

about immunity,15 subjectively assumed the same incuba-

tion time and spreading time, as well as infectivity, in

asymptomatic and mild or heavily infected15 and assumed

that there is no natural immunity to Covid-19, nor physical

barriers to the spreading of the virus.

Models are everything, but detailed representations of the

way people behave during a pandemic and are based on many

parameters that are simply unknown at the time the simulations

are made. If these models fail validation with newly produced

evidence, they should be revised.

Although we do not have the code that has been used in

the study by Ferguson et al,15 we know about the values of

the R0 and fatality rate used there, which is excessive.

Their result is not that far from a simple SIR computation

as shown in Figure 2B and C. By using the values of Dt

and R0 plus g* shown in the images, in the simple SIR

model, that is a computation requiring the definition of 4

cells in an excel spreadsheet, the results are close to those

of Adam.14

Figure 3 presents a comparison of the predictions14 and the

evidence from Sweden, the Netherlands, Belgium, and Great

Figure 3. A and B, Daily mortality rate per million of Belgium, the Netherlands, Sweden, and Great Britain, and comparison with the model
predictions14,15 and the SIR simulations of parameters shown.
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Britain. The difference between modeling and experiments is

impressive.

The work14,15 used the fatality rate from infected fatality

rate (IFR), by age group of,18 that unlike,15 published the com-

puter code and data used in the study by Verity et al18,19 based

the IFR on incomplete Chinese data from Wuhan of limited

statistical significance that was not accounting for asympto-

matic or mild infected. Different results suggesting lower IFR

by ages were obtained in the study by Levis20 by using the

Diamond Princess information, which, however, is still a sam-

ple of minimal statistical significance biased by a much larger

number of elderly individual or people with comorbidities than

the general population. Although the study by Levis20 suggests

lower IFR of the study by Ferguson et al15 and Verity et al18

decided to use higher IFR versus15,18 adjusted the IFR esti-

mates of the study by Verity et al18 “to account for a nonuni-

form attack rate,” without giving further information15 appears

to have increased the IFR estimates of the study by Verity

et al18 for all 60þ age groups by 19%, without justification.

This contributed to an increased, rather than a reduced, total

number of fatalities. The Covid-19 models’ predictions15

appear wrong in the dynamic, as they show a pattern very far

from the one experienced so far (Figure 1). They propose a

result only depending on subjective assumptions not being sup-

ported by a proper statistic through a very simple mechanism.

Their assumptions were questionable when the simulations

were performed. These assumptions are completely wrong

after 2 months. Why these simulations have not been revised

is an open question.

Herd Immunity

Many models assume a pandemic may be closed only through

“herd immunity” and eradication. This rarely happened in

human history. It did not happen for SARS or Middle East

respiratory syndrome (MERS), as it did not happen for the

common flu. Herd immunity is the indirect protection from

infectious disease that occurs when a large percentage of a

population is immune to an infection. It may be achieved when

a large number of people get infected and recover in the healthy

population, protecting those who are not immune.21 Individuals

with immunity are disruptions in the spread of disease.21 When

there is a significant number of disruption, then the infection

does not progress. This may be local or global. Eradication is

the global herd immunity.

Local herd immunity or eradication through global herd

immunity has not been achieved for MERS or SARS. Likely,

it will not be achieved also with Covid-19. Nevertheless, the

MERS and SARS infections have been placed otherwise under

control.

No vaccine has been developed for MERS or SARS and the

efficacy of the antivirals proposed for MERS or SARS is at

least controversial.

The critical immune proportion of the population, the “herd

immunity threshold” (HIT) is according to mathematical mod-

els extremely large. This threshold is the product of R0, the

basic reproduction number, and S, the percentage of the popu-

lation who are susceptible to infection, also equal to 1 � p,

where p is the percentage of the immune population.

For SARS, of airborne droplet transmission, it is R0 ¼ 2-5

and HIT ¼ 0.5-0.8.22

For Ebola, of more controllable bodily fluids transmission, it

is R0 ¼ 1.5-2.5 and HIT ¼ 0.33-0.6.23

For influenza,24 of airborne droplet transmission, it is R0 ¼
1.5-1.8 and HIT ¼ 0.33-0.44.

Finally, for Covid-19,25,26 also of airborne droplet transmis-

sion, it is R0 ¼ 1.4-3.9 and HIT ¼ 0.29-0.74. These HIT num-

bers have not been achieved for SARS and Ebola and will not

be achieved with Covid-19. Nevertheless, SARS and Ebola

have been controlled. Natural immunity prevents transmission,

the same as physical barriers.

Herd immunity through a significant percentage of people

who have been infected and has recovered has been briefly

considered at the start of this year for Covid-19 and then

dropped in the most part of the countries because of the over-

estimated fatality rate and the neglected large number of

immune, mild or asymptomatic.

It is not proven that Sweden has now reached a complete

“herd immunity.” Despite no distancing has been enforced, and

only the risk categories have been protected, the number of

fatalities has reduced any way, in a pattern not dissimilar from

other places where more severe distancing measures have been

enforced. The available seroprevalence data from Sweden and

other countries do not indicate achievement of full “herd

immunity” in Sweden better than in other countries. There have

been in Sweden only distancing recommendations,27 however

effective as evidenced by the decline in the normal rates of

influenza and norovirus infections this winter. Sweden has kept

large parts of the society open.27 There is no lockdown.27 Also

bars are open, as well as street vendors.27 Very little has shut

down.27 Use of public transport has dropped naturally, and

many work from home. Voluntary social distancing and com-

mon sense have been enough to slow the spread of the virus.27

Only gatherings of more than 50 people are banned and visits to

elderly care homes. This is very different from being forced at

home with permission only to queue for buying groceries or

drugs during the few hours in a day permitted by curfews.

A verdict of “herd immunity” is impossible as we do not

know (1) what it would take to reach HITs, (2) what those

thresholds are, (3) how protective are antibodies, (4) how long

antibodies (and presumed immunity) last, and (5) how possible

is it for some with antibodies to infect others. These points will

have to be investigated carefully.

“Herd immunity” through mass vaccination is unlikely to be

practical. The time frame to properly develop a vaccine is long,

and the result is uncertain. Near past experiences for SARS28

and MERS29 close relatives of Covid-19 have not been suc-

cessful. Severe acute respiratory syndrome first emerged in

China’s Guangdong Province in 2003 before spreading to other

countries. The virus infected about 8000 people, claimed

almost 800 lives worldwide. Middle East respiratory syndrome

was first reported in Saudi Arabia in 2012 and has since spread

6 Health Services Research and Managerial Epidemiology



to several other countries. About 2500 cases have been reported

as of January 2020, with more than 800 deaths worldwide. The

SARS outbreak ended before the vaccines were ready. After 5

years from the SARS outbreak, in 2008,30 despite vaccine can-

didates were more successful for this specific coronavirus than

for other coronaviruses, efficacy and safety evaluation in

humans were still to be started.30 There are presently (2020)

only 2 veterinary vaccines in use against coronaviruses. Their

efficacy is controversial. As reported in the study by Roper and

Rehm,31 “vaccinated animals still display significant disease

upon challenge.” As written in the study by Saif,32

“Unfortunately, despite long-term efforts, effective vaccines

to prevent enteric CoV infections remain elusive.” Similarly,

the MERS coronavirus outbreak is ongoing since 2012. As

stated in the study by World Health Organization29 at the end

of 2019, no vaccine (or specific treatment) for MERS is cur-

rently available.

In case of the “Spanish flu,” the outbreak occurred during

the spring of 1918. Over several years, it infected almost 500

million people, one-third of the global population, producing

about 50 million deaths.33,34 These numbers are controversial,

as other figures are often proposed for the fatalities, both lower

and higher. Herd immunity was not achieved after the first

wave. The second wave that started in August 1918 was more

deadly than the first wave. This was probably because of a

mutation of the virus. Opposite to the first wave that killed

mostly elderly people, the second wave mostly killed young

people. Third and fourth waves then occurred in 1919 and

1920. Then, the lethality of the epidemic rapidly declined. This

was because of improved therapies to tackle pneumonia or

because of a reduced lethality of the further mutated virus35

or both. With much less than the fatality of the “Spanish flu,”

the Covid-19 pandemic may have a similar pattern of outbreak

and subsequent waves.

Discussion

In between the very recent updates of a Covid-19 statistic

changing almost daily, we must mention 2 important works

by a group in Stanford36 and the Oxford Covid-19 evidence

center.37 Initial estimations of the mortality rate were

extremely large, at about 1% of the infected in the simulations

here discussed. The recent work,36 the first investigating the

number of those with Covid-19 antibodies in the supposed to

be unaffected population, has shown a significant amount of

people asymptomatic or mild that did not notice to be infected

by the virus. Taking them into account,36 revised the Covid-

19 mortality rate at 0.12% to 0.20%. Similar values are now

proposed by the Oxford Covid-19 evidence center.37 Their

IFR for Covid-19 is somewhere between 0.1% and 0.36%
where the higher numbers are suggested by the less complete

and significant data sets. The mortality rate of Covid-19 is

thus much closer to the normal flu, 0.095%, than the 1% of the

modeling studies.

The other relevant aspect of Covid-19 infection from37 is

that most part of the fatalities is in between those vulnerable for

age or comorbidities, with age and death risk profile very

closely related to normal mortality. The world largest peak in

the daily death rate was about 29 for Belgium. The neighboring

Netherlands had a peak daily death rate of less than 9 despite

the less restrictive distancing measures. Other countries with-

out contact bans, such as South Korea and Sweden, have not

certainly experienced more negative outcomes. Up to 60% of

all Covid-19-related deaths in Italy have occurred in the par-

ticularly vulnerable nursing homes that were not protected

from infection. France, Spain, or Great Britain also had large

mortalities from nursing homes. Panicking and lockdown mea-

sure is one cause of the large mortality for Northern Italy,

producing the collapse in the care of the elderly individual.

There has been another important fact to mention, the

Charles de Gaulle aircraft carrier. Of almost 2000 healthy peo-

ple on board, all uniformly exposed to the Covid-19 virus (no

distancing was possible with small common quarters and small

common working rooms), only 1081 got infected.38 Of the

1081, only 24 ended up in hospital, 1057 being mild or asymp-

tomatic.38 After 10 days, only 5 of the 23 are still in hospital.39

This suggests that many are immune and many are mild or

asymptomatic within the healthy population, and only a very

small number needs medical attention. This further supports

the approach of Sweden to only limit contacts for the vulner-

able, apart from reasonable and sustainable distancing for the

healthy population.

“Intelligent” lockdown as in the Netherlands also worked

much better than the lockdown of Great Britain or Belgium.

Sweden did much better without any lockdown. Sweden will

have no issue reopening shops or schools, as shops and schools

never closed. Also the Netherlands will have a less problematic

return to normality than Great Britain or Belgium, facing seri-

ous challenges removing the distancing measures.

Regarding the length of the outbreak, extreme social distan-

cing can make much longer the outbreak and it may also cost

more lives.40 This is the exact opposite of what was depicted

based on the models.14,15 Even if the data for a proper compar-

ison are missing, there is the suspicious that common sense and

suggested distancing measures while keeping open shops and

business are working better than the complete lockdowns. The

seroprevalence is higher in New York City than in Sweden,

despite near total lockdown in New York City.

There are simply no data to understand the share of the

population that has been exposed but is immune, or the share

of the population that only had mild or no symptoms, in the

countries we considered. The only further considerations that

can be made are through application of the SIR model. Figure 4

presents the daily mortality rate per million of Great Britain,

and comparison with the model predictions14,15 and the SIR

simulations of the parameters shown. To obtain a result similar

to the study by Adam and Ferguson et al,14,15 it is necessary to

use Dt ¼ 10.5, g* ¼ 1%, while R0 ¼ 2.65 and R(0) ¼ 0 (all the

population subjected to infection). By simply correcting for the

fatality rate g* ¼ 0.12%, the curve obtained is still very far

from the experimental evidence. To obtain a much closer pat-

tern, while keeping R0 unaltered, it is necessary to use not only
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much smaller values of Dt (Dt ¼ 2.8) but also a large initial

percentage of removed R(0) (R(0) ¼ 44%). The percentage of

removed includes those that are immune and those who have

been prevented from being challenged by the virus. The initial

percentage of removed is similarly large also to match the

experimental evidence for Belgium, the Netherlands, and Swe-

den (Figure 3A and B). Within the limits of a model that is not

adequate, this suggests that the restrictive measure may only

increase the fatality rate, protecting less the vulnerable, but

producing a similar or even larger percentage of infected. Dif-

ficult to factor, is the “panic effect,” that may also bias upward

the fatality rate, and the effect of the different therapeutic

approaches or care for those hospitalized.

With a mortality rate at about 0.1%, a rapid natural immu-

nization of the general population, while protecting the vulner-

able, the elderly individual and those sick, would have been a

better choice. Wrong models suggested the opposite. Once the

damages to society and economy are factored, the non-

necessary segregation measures may claim more lives than the

virus itself.

Despite Covid-19, very likely China will have this year,

because of distancing, fewer fatalities for common flu plus

Covid-19, than the fatalities for the common flu from the year

before. Very likely, at the end of the first outbreak, the total

number of deaths in the United States for Covid-19 will be

much less than the prediction by the CDC, with or without

harsh distancing. For similarity with the epidemic evolution

in Europe (Figure 1), it was possible to forecast on April 20

for the United States a peak in the mortality rate about the

beginning of May, at the most about 12 deaths per million, and

duration of the outbreak above 2 months, for a total number of

fatalities about 160,000. This is roughly what happened, even if

the number of fatalities has been inflated by the attributing in

some areas, for example, New York City, every death to Covid-

19 by default, without any test, even if occurred for other

morbidities. This mortality estimate does not consider the

option of a short-term second wave, that is, a problem when

flattening the curve is obtained through harsh distancing

extended to every sector of the population, the healthy same

of the risk categories.

The simulations that are driving the world’s response to

Covid-19 are exaggerated. New epidemiological models must

be developed to better represent the experimental evidence.

The epidemic in Asia seems under control, and in continental

Europe, the numbers of deaths as well as infections are both

reducing. It is time to revise the models. Models should be

continuously updated and validated country by country to

match the experimental evidence, to provide reliable advice

to policy makers. Science is a dialogue with nature, not a

monologue, as theoreticians (and some governments) prefer

to believe.41

Epidemiologic models do not account for therapies, in that

opposite can make a significant difference in the mortality

rate. Therapeutic changes and more general improvements

in the health care response may change model parameters

during an epidemic. They also do not account for viral muta-

tions, that unfortunately in some cases such as the Spanish flu,

were extremely negative from the first to the second wave

during 1918.

The review of the simulations driving the Covid-19 response

is in principle not unique. Both the popular media and the peer-

reviewed literature have covered the subject. For example, the

denominator inflation is already reported in the study by Li

et al.42 The focus is on the specific compartmental model,14,15

that is basically a simple SIR model, because these have been

the simulations that drove the Covid-19 harsh distancing in

Europe. These models are not the universe of models being

used for epidemiological analysis. They often form the base

Figure 4. Daily mortality rate per million of Great Britain and comparison with the model predictions14,15 and the SIR simulations of
parameters.
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for more complex models. For example, the US CDC track a set

of 10 models43: The Los Alamos model, for example, uses a

rate-changing exponential and assumes underestimation of the

total cases. The statistical accuracy of the Covid-19 daily death

rates prediction is also considered in the study by Marchant

et al.44

It has already been discussed as most of the studies devel-

oped in China after the SARS epidemic5 have been mostly

fitting techniques, and only in a fewer cases SIR models,6,7

plus stochastic individual-based models,8,9 spatiotemporal

models,10 ARIMA models,11 and small-world network mod-

els.12 The novelty here is having shown as the specific simula-

tions14,15 that drove the world to lockdown are nothing more

than a 3-equation 2-parameter SIR model with one further

assumption for fatality.

An additional novelty of this contribution is the claim that

simulations do not help if not revised continuously with good

data. Science is a dialogue with nature and not a monologue.

The weakness of the simulations14,15 is the lack of experimen-

tal support. Static simulations do not help with evolving epi-

demics. Only artificial intelligence-based approaches properly

supported by continuously updated experimental evidence

should be used to support policies.

The other novelty here is the criticism of the policy

inferred from the simulations.14,15 Sweden or the Netherlands

should have had a huge number of fatalities versus Great

Britain or Belgium. It has been exactly the opposite. The peak

daily mortality rate has been achieved after about same num-

ber of days, and the value per million has been much lower in

Sweden and the Netherlands rather than Belgium or Great

Britain. With sustainable distancing is more logic to expect

a progress toward herd immunity, and the solution is more

stable. With harsh distancing, short-term second waves are

much more likely to follow.

The article also makes a good case that many CDC have

introduced errors into the counts of Covid-19 deaths. The

focusing on testing also has been misleading. The relevance

on contact tracking for this type of disease also is questionable.

The general public is confused and no wonder since the advice

from public health experts does not match what most people

see in their communities: In the United States, there are few if

any deaths in many counties, empty hospitals, deaths that are

mostly very sick people in nursing homes. Mainstream media

plays up cases of younger healthy people, but they seem to be

very rare. Something is very wrong with the claims by experts

that guide the policies of many countries. Many nations pre-

pared for a pandemic that did not reach most communities. It

also appears that perhaps 25% of the population of many coun-

tries had or has Covid-19, but was not sick enough to notice. If

so, then the true case fatality rate is very low.

Limitations of the Study

The present work is limited by the quality of the data available.

As testing has been very limited and often unreliable, there is

no information yet about the number of challenged and infected

mild or asymptomatic. This is the reason why the article has

been focused on the number of deaths. This number also has

dramatic biases upward, especially in some European countries

and the United States, where it has been explicitly requested by

the CDC to write Covid19 in the death certificate “for all

decedents where the disease caused or is presumed to have

caused or contributed to death.” This has produced the attribu-

tion to Covid-19 of mortalities that were triggered by other

pathologies. Worth to mention is also the collapse in the care

of the elderly individual because of panicking and lockdowns

that has resulted in a much larger number of fatalities. Also the

questionable overuse of intubation and similarly inappropriate

therapies is believed to have contributed to larger mortalities.

Conclusions

Experiences with past infections, from SARS to MERS,

demonstrated that the current mathematical tools to predict

outcomes for viral infections are likely wrong at the beginning

of the pandemics, simply because the relevant parameters are

largely overestimated in the first phase of the outbreaks.

Experiences with Covid-19 also prove mathematical tools were

wrong also for this viral infection. This means that there is an

urgent need to improve them. There is a need for real-time good

information, to make statistical samples reliable and permit

real-time model validation and refinement.

Continuous update is the key to success. Epidemiologic

models should not be proposed at the beginning of an epidemic

and never be updated, no matter which is the real-world

response to the pandemic. As soon as new information is made

available, models should always be updated. Computations

failing experimental confirmation are not science. For sure,

they are not “the best science.” Similar to model predictions,

also polices should be revised as soon as much different epi-

demiologic patterns become clear.

One major issue with Covid-19 harsh distancing policies of

individual countries is the plan to return to normality. In addi-

tion to the problem of reopening shops and business within a

country, there is the problem of international movements.

Although sealed borders cannot certainly go on forever, a

strengthening of the control of the movement will be certainly

necessary after the first wave of the outbreak will be over, to

avoid other waves from imported cases. Generalized lockdown

or exposure of the healthy population to flatten the curve will

make a significant difference.

There was no scientific reason to overrate model predictions

and vilify not only herd immunity approaches45 but also

“intelligent” lockdown,46 to support everything but sustainable

harsh distancing.

Clearly, models need to be adjusted and we can see a pretty

consistent story about flattening of the death rate and at rates

much lower than had been feared and estimated. About same

results have been obtained with harsh distancing or more intel-

ligent measures. The difference will be enormous in the months

to come. With harsh distancing, the total duration of the out-

break will be extended, there will be always the risk of second
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waves whether imported or domestic, more lives will be lost

while damaging democracy, society, and economy.

Additional to the need for continuous real-time update of

modeling predictions and policies during a pandemic, the other

major conclusion of this work is the implications of the much

lower fatality rates, and the large number of not infected, mild,

or asymptomatic in the healthy population, that suggest recon-

sideration of the herd immunity concept for public health pol-

icy. The vulnerable must be protected. The healthy must be left

free to conduct their business while only adopting reasonable

measure. However, although herd immunity is appealing, we

may nevertheless have to live with the Covid-19 virus and

mutations without herd immunity. Here, much more sustain-

able approaches as the one of Sweden will definitively provide

better results.
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