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The spread of a novel pathogenic infectious agent

eliciting protective immunity is typically characterised

by three distinct phases: (I) an initial phase of slow

accumulation of new infections (often undetectable),

(II) a second phase of rapid growth in cases of

infection, disease and death, and (III) an eventual

slow down of transmission due to the depletion of

susceptible individuals, typically leading to the

termination of the (first) epidemic wave. Before the

implementation of control measures (e.g. social

distancing, travel bans, etc) and under the

assumption that infection elicits protective immunity,

epidemiological theory indicates that the ongoing

epidemic of SARS-CoV-2 will conform to this pattern.

Here, we calibrate a susceptible-infected-recovered

(SIR) model to data on cumulative reported SARS-

CoV-2 associated deaths from the United Kingdom

(UK) and Italy under the assumption that such deaths

are well reported events that occur only in a

vulnerable fraction of the population. We focus on

model solutions which take into consideration

previous estimates of critical epidemiological

parameters such as the basic reproduction number

(R0), probability of death in the vulnerable fraction of

the population, infectious period and time from
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infection to death, with the intention of exploring the

sensitivity of the system to the actual fraction of the

population vulnerable to severe disease and death.

Our simulations are in agreement with other studies

that the current epidemic wave in the UK and Italy in

the absence of interventions should have an

approximate duration of 2-3 months, with numbers of

deaths lagging behind in time relative to overall

infections. Importantly, the results we present here

suggest the ongoing epidemics in the UK and Italy

started at least a month before the first reported

death and have already led to the accumulation of

significant levels of herd immunity in both countries.

There is an inverse relationship between the

proportion currently immune and the fraction of the

population vulnerable to severe disease. This

relationship can be used to determine how many

people will require hospitalisation (and possibly die)

in the coming weeks if we are able to accurately

determine current levels of herd immunity. There is

thus an urgent need for investment in technologies

such as virus (or viral pseudotype) neutralization

assays and other robust assays which provide

reliable read-outs of protective immunity, and for the

provision of open access to valuable data sources
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such as blood banks and paired samples of acute

and convalescent sera from confirmed cases of

SARS-CoV-2 to validate these. Urgent development

and assessment of such tests should be followed by

rapid implementation at scale to provide real-time

data. These data will be critical to the proper

assessment of the effects of social distancing and

other measures currently being adopted to slow

down the case incidence and for informing future

policy direction.
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Moi • 5 days ago

Some stats about the situation in Germany and
Chile (JHU numbers used): 
Delay \Psi around 13 (DE) and 14 (CL), resp, with
quite small SD. 
Death rate \theta around 0,05 for both countries,
constant since several weeks, far lower than your
14%

These are of course only the visible cases, not
quite your concern.

Anyway, the numbers are different for different

 Recommend

@PoliticalSteve5 @JayCaruso Sorry oxford only
estimated Europe! But the data speaks for itself.
You can extrapolate deaths to the US though it's
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• Reply •

Anyway, the numbers are different for different
countries. Why?

And not speaking about asians, who seem to have
basically overcome it.

△ ▽

Moi • 5 days ago • edited

• Reply •

Reality: 
In Austria, recently an excess of 2.35 has been
measured (8,500 officially infected vs. 28,500
immunized overall for A), see SORA-
Prävalenzstudie.

vs.

Model: 
Here, we have to assume that 75,000 officially
infected (JHU) are the tip of a 33 million iceberg of
immunized ...That would be a factor of 440 instead
of 2.35. Hard to believe, for me at least.

We need actual and reliable tests, and more tests,
worldwide.

△ ▽

V. Cheianov, Esq. • 19 days ago

Dear Authors,

your model contains a parameter psi, which is the
mean time from infection to death.The way you
include this parameter in your calculations (using
the retarded value of z times rho times theta)
implies that the number of deaths is exponentially
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see more

• Reply •

sensitive to fluctuations in psi. In order to properly
take into account such fluctuation within the
population, you need to average the exponentially
increasing z(t-\psi) over the probability distribution
of psi, P(psi)

In your table 1 you claim that according to Ref [14]
psi obeys Gaussian normal distribution  
with with M= 7 days and SD =2 days.

In fact, Ref [14] gives the distribution function of
the days from onset of illness to death

 2△ ▽

Kevin Hall • 20 days ago

• Reply •

Why does this model calculate deaths as being
proportional to the time-delayed fraction of the
population not susceptible to infection z rather
than the time delayed fraction of the infected
population y? See equation 3.

△ ▽

V. Cheianov, Esq.  
• 18 days ago

> Kevin Hall

I believe, z isn't the susceptible population.
It is z=(R+I)/N  
(recovered + infected)/{total population).

Therefore, calculating total fatalities as
fatality rate times z is appropriate.  
However, in the situation of exponential
growth of z, this way of  
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 Back to top

• Reply •

g , y
evaluating fatalities is exponentially
sensitive to the uncertainty  
in psi, also to its fluctuation across the
population.

△ ▽

Kevin Hall  
• 17 days ago

• Reply •

> V. Cheianov, Esq.

I believe z is defined as the fraction
of the population no longer
susceptible to infection which
includes infected, recovered, and
dead. This is why the susceptible
fraction of the population is (1-z) to
result in the usual equations 1 and 2
in the SIR model. A more typical
way of modeling the death rate
would be dD/dt = kappa*y where
kappa<sigma and="" it="" is=""
unclear="" why="" this="" more=""
standard="" model="" was="" not=""
used.="">

△ ▽

Saul Fenton 
• 16 days ago

> Kevin Hall

excellent contributions, thank
you both Kevin Hall and V.
Cheianov, Esq.
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