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As of May 6th most European countries are in the downward slope 
of the COVID 19 infection phase, with some implementing and/or 
presenting plans for a phased return to normal economic activity. The 
2020 pandemic caused by the spread of SARS-CoV-2 and the associated 
Coronavirus Disease 2019 (COVID 19) has resulted in a significant increase 
in fatalities, particularly in vulnerable groups in the UK during March and 
April. ONS statistics report that between March 1 and April 17, 22% of 
the 90,232 deaths recorded in the UK were related to COVID 19.1 Excess 
deaths amounted to 11,539 over the five year average in the week to April 
24th 2020 and this totals an estimated impact of the virus on the UK. 

Understanding the current position and the potential policy avenues is an 
intensely complex problem. This document is designed for non-medical 
professionals to summarise some of the relevant peer reviewed scientific 
literature currently available and document from the current state of 
knowledge as to what might be expected as the pandemic evolves. Page 11, 
provides the current set of anticipated scenarios for the pandemic. Whilst 
vaccines are an obvious objective for government, there is no certainty that 
a vaccine will a) be effective in the long run and b) can be developed in a 
short enough time frame.

Comments and suggestions are welcome, as are corrections, every attempt 
is made to use sources that have been through peer review, when a non-
peer reviewed source is used it is flagged, evidence from public bodies not 
in the public domain is labelled anecdotal until analysed in a peer reviewed 
scientific journal. Please send corrections or suggestions to julian.williams@
durham.ac.uk 

A data resource containing all revisions of the current NHS England 
aggregate deaths data should accompany this document.

EXECUTIVE SUMMARY
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SARS-CoV-2, Severe acute 
respiratory syndrome coronavirus 
2, a strain of coronavirus.

Coronavirus, the group of viruses to 
which SARS-CoV-2 is a member. 
Betacoronavirus is the precise 
genera for SARS-CoV-2.

COVID 19, Coronavirus disease 2019, 
the disease sometimes associated 
with exposure and infection by 
SARS-CoV-2.

Asymptomatic, a person not 
producing or showing symptoms.

Co-morbidity factor, the presence 
of more than one condition 
(either known or unknown) in an 
individual patient. 

Case fatality rate, the proportion of 
people who die from a particular 
disease or condition.

Population prevalence, the total 
fraction of people within a 
population infected with the virus.

PCR, a technique for amplifying 
the number of copies of DNA in 
a particular sample, using a heat 
stable polymerase such a Taq 
polymerase, an enzyme originally 
isolated from Thermus aquaticus 
bacteria that lives near hot 
springs and can replicate in high 
temperatures above 50°C, hence 
the use in repeated heating cycles 

(annealing). Specific primers 
can be used to amplify certain 
sequences and gel electrophoresis 
can used to separate and identify 
individual components. 

RT-PCR, reverse transcriptase/
reverse transcription polymerase 
chain reaction, a form of PCR that 
can be used with RNA, whereby 
a reverse transcriptase enzyme is 
used to generate complementary 
DNA (cDNA) from an RNA 
strand. The resulting cDNA is 
then analysed using various PCR 
techniques.

Antibodies or immunoglobulins, 
proteins manufactured in the body 
that bind to pathogens to prevent 
establishment of pathogenic loads 
in the body leading to potential 
infection and presentation of 
symptoms. 

Antibody test, an immunoassay 
test (test of a specific feature 
of biological component of any 
immune system) that attempts 
to determine the presence of a 
particular antibody. 

Turning point, a point within a set 
of points where the sign of the 
gradient changes.

Ill posed, a problem in mathematics 
that is not “well posed” that is the 

GLOSSARY OF MEDICAL 
TERMS
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problem does not have a solution 
that exists and is unique and 
changes in a continuous manner 
with the initial conditions.

Model fitting, a process of taking a 
model with general parameters 
and applying to data to obtain a 
model fit.

In sample forecasting, predicting 
values from within the data set on 
which the model is estimated.

Out of sample forecasting, 
forecasting future values using a 
model that is only estimated on 
information prior to the forecast 
period. Pseudo out of sample, 
refers to cases when the out of 
sample data set has already been 

observed, hence influencing the 
choice of model to be estimated.

ACE 2, Angiotensin-converting 
enzyme 2, an enzyme attached 
to the cell membranes of many 
organs (including the heart, lung 
and kidneys). This is the current 
presumed mechanism of infection 
within the lungs for SARS-CoV-2.

RNA, Ribonucleic acid, a polymeric 
molecule important for many 
biological functions and 
information encoding. RNA is 
generally a less stable molecule 
than DNA, hence viruses that are 
predominantly based on RNA can 
mutate quite rapidly. 

WEB RESOURCES

Journal of the American Medical Association COVID 19 research page
https://jamanetwork.com/journals/jama/pages/coronavirus-alert

Lancet COVID 19 Research Page
https://www.thelancet.com/coronavirus

Nature Medicine Page
https://www.nature.com/articles/s41591-020-0820-9 

American Journal of Respiratory and Critical Case
https://www.atsjournals.org/journal/ajrccm 
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First, zoonotic transfer via an 
intermediate animal, possibly a 
pangolin, where cumulative natural 
selection takes place and the final 
form of the virus infectious to 
humans through the ACE2 receptor 
was delivered by the intermediate 
animal. However, research shows 
that neither the bat nor the pangolin 
betacoronaviruses are sufficiently 
similar to be the direct precursor of 
the current form of SARS-CoV-2. 
The second, is a zoonotic transfer to 
humans and then human to human 
cumulative natural selection to 
generate the present form with the 
ACE2 receptor.3 

In any event, the first emerging cases 
retroactively traced in China point to 
a late November to early December 
jump to humans, based on case 
history. At this point the virus spread 
within the city of Wuhan, primarily 
emanating from the Huanan Seafood 
Wholesale Market. From the city 
of Wuhan the virus spread through 
China and onto the rest of the world 
throughout January and February 

2020. The COVID 19 epidemiology 
and case history information in the 
Journal of the American Medical 
Association and Lancet medical 
journals document this spread in 
detail. The importance of the ACE-
2 receptor has been documented 
in several articles and there is some 
anecdotal evidence that the use of 
ACE-2 inhibitors are a co-morbidity 
factor for COVID 19 fatalities.4 It 
should be noted that all the current 
studies on epidemiological features 
are based on relatively small samples 
without a full statistical accounting 
of possible counterfactuals. 

The presence of the SARS-CoV-2 
in communities and the resulting 
numbers of people expressing 
symptoms of COVID 19 has resulted 
in a variety of policy responses 
from government, that attempt 
to impose some form of social 
distancing to prevent transmission 
of the SARS-CoV-2. Most of these 
responses have been in the form of 
“lockdowns” or stay at home orders. 
In the UK this is an arrangement 

BACKGROUND AND THE  
UK EXPERIENCE
The timeline of the COVID 19 pandemic is still not fully understood. 
Current research establishes that a 96% RNA match with a virus found in a 
Rhinolophus affinis bat.2 However, several intermediation steps are possible 
from this virus. 
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where the public are requested to 
stay at home and there is relatively 
soft policing of movement. This 
is in contrast to countries such as 
France and Italy where spot fines 
are issued for being out in the street 
without appropriate clearance. As 
of April 24st compliance in the UK 
appears to be quite strong, with only 
a small number of observed cases 
of breaking of social distancing 
policies. In the United States, the 
response has been on a state- 
by-state basis and in some states 
with legally enforced stay-at- 
home policies protests have  
been observed attempting  
to force state legislatures and 
executives to rescind the orders.56 

For the UK similarly to other 
countries, the clear epidemiological 
feature of the disease is age. The 
greater than 90% of patients in 
NHS hospitals in England whose 
deaths are attributed to COVID 19 
in the UK are over the age 60, with 
52% over the age of 80.7 Indeed, 
this is measured from those deaths 
in hospital, deaths in the wider 
community are primarily in care 
homes and this will likely increase 
the numbers in the older categories. 
Office for national statistics death 
data for weeks to April 10 shows that 
there is a marked rise in the number 

of deaths in the UK relative to a 
five-year average. That is compared 
to the five-year average, there were 
7,996 more deaths recorded in the 
UK. Of more concerning note, was 
that the trend in the number of 
deaths was downward and already 
below trend, hence the 7,996 
estimate is likely an underestimate of 
the impact of COVID 19 on the UK.8 

Evidence evidence also suggests 
that ethnicity might be a factor 
common in deaths from COVID 
19, but the NHS data is not able 
to demonstrate this clearly, 
evidence from other countries 
is less ambiguous.9 The sample 
incidence is very close to the UK 
population demographics, but this 
might be hidden by age effects. 
Clearly if younger people of 
BAME backgrounds are dying at a 
significantly higher rate than their 
fraction of the population, within age 
brackets, this is of great concern, 
only a full set of cross tabs factoring 
age and ethnicity can provide some 
evidence to this conjecture. There 
are clearly a number of potential 
causal pathways for this effect  
and none of these have 
unambiguous evidence.10 There is 
also clear evidence of the threat 
of COVID 19 to critical workers, 
including health workers.11 
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There is now significant evidence from the UK and the US that the direct 
impact of COVID 19 is disproportionately falling on lower income groups.12

Whilst initial medical analysis of the disease focused on the pneumonia 
component, the ACE-2 receptors that the virus targets are found in several 
organs, including the heart. 

Fatalities are very commonly associated with pre-existing cardio-vascular 
disorders and the disease often presents as a vascular disorder rather than 
a pure pneumonia. 

This clearly accepts that numerous patients do exhibit severe pneumonia 
and as noted, the experience from China is that some younger patients in 
this category can spend >50 days with substantial respiratory intervention.
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A by-product of the US private 
insurance based system is that there 
is a careful monitoring (for charging 
purposes) of a patients complete 
interaction with the healthcare 
system. Hence, analysis of incoming 
patient data and mortality is lagged 
and subject to extensive revisions. 
This is then illustrated in the 
outcome fatalities data attributed 
to infection by SARS-CoV-2 and the 
subsequent COVID 19 disease. The 
following analysis for the UK,  
a) establishes April 8th as the peak 
rate of fatalities for the UK and  
b) the very slow rate of decline  
for fatalities.

Current evidence from the NHS 
England fatalities dataset and its full 
history of revisions suggests that 
the peak of the epidemic in NHS 
England hospitals was April 8th 
2020. UK data for recorded deaths 
from COVID 19 is quite hard to utilize 

for time series purposes as daily 
revisions are not reflective of deaths 
within the prior days. For each 
update since prior to April 4th, the 
NHS England data (the only daily 
series with consistent measurement 
characteristics) allocates deaths 
across a number of dates, often 
going back several weeks, see 
revision chart. Evidence for an April 
8th peak for NHS England hospital 
cases comes from the observation 
from data that: 1) April 8th whilst still 
having additional deaths attributed 
to it is not increasing markedly 
since the April 15th revision. 2) The 
number of deaths in NHS England 
hospitals attributed to COVID 19 
are by 10% more than any other 
day and that the nearest days, in 
terms of numbers are April 4th, 
April 7th and April 11th. For days 
beyond April 14th to exceed April 
8th, the numbers of revised deaths 
would have to be far in excess of 

WHERE ARE WE NOW IN 
THE UK COMPONENT OF 
THE EPIDEMIC AND WHY IS 
IT SO HARD TO MODEL?
Anecdotally, analysis of UK patient data is hampered by patchy reporting 
and a lack of integrated data management services across trusts. 
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the revisions currently observed 
in the data (see data analysis 
summary). Analysis by NHS trust 
provides cross sectional evidence to 
support the aggregate claim, with 
the majority of trusts having their 
highest counts of fatalities attributed 
to COVID 19 prior to April 8th. This 
observation does not utilize time 
series forecasting, only analysis of 
the revisioning process underpinning 
the data collection and assesses the 
confidence in the maxima ex-post. 

There is no clear evidence on 
the speed of decline in the daily 
numbers of deaths reported by 
NHS England., Similarly, there is no 
evidence of any symmetry about 
the candidate maxima in the daily 
death rate. The current candidate 
maxima excludes data from non-
NHS England settings (such as care 
homes and certain types of hospices, 
included in the ONS data) or the 
other UK constituent countries 
and principalities (Scotland, Wales 
and Northern Ireland). The decline 
in the number of hospital deaths 
from around April 8th has been 
exceptionally slow. The degree of 
asymmetry is approximately limited 
to 2:1, that is for a given number of 
days after to April 8th the number 
of recorded deaths is at least twice 
the number of deaths before April 
8th. This slow decline indicates that 
substantial reservoirs of infection 

lasted until more than two weeks 
after lockdown (when household 
transmissions should have ended). 
The mechanisms surrounding this 
residual transmission mechanism are 
not well understood or documented. 
This, unfortunately, suggests that 
in a large populations that longer 
lockdowns will be unlikely to achieve 
full eradication. Understanding 
how the virus is able to transmit 
in the longer term will be key to 
understanding eradication in the 
absence of vaccines.

The process underpinning the data 
generation of COVID 19 fatalities 
has the following steps. First, is the 
rate of infection by SARS-CoV-2. 
Second, is the degree of viral load 
delivered in the infection stage 
and the location of interaction with 
receptors within the body. Third, 
the susceptibility of the individual 
to SARS-CoV-2 and the expression 
of symptoms of COVID 19. Fourth, 
the presence of comorbidities that 
can contribute to an individual being 
within a potentially fatal expression 
of symptoms. Fifth, the quality of 
care and the delivery of required 
treatment to ensure continuation 
of life. Sixth appropriate recovery 
care and appropriate control of 
secondary infections, sepsis and 
organ failure. 
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Some of the contemporary models 
claim to explicitly analyse the 
various steps, none can be directly 
parameterized from carefully audited 
historical data or first principles at 
this point in time as full breakdowns 
on morbidities and case fatalities 
are ambiguous and testing varies 
temporally and cross sectionally.13 
Fitting of models to data can be 
very difficult if the underlying 
structure of the data has a large 
number of unknown components. 
Indeed, at a simple level the six 
various steps are a nested model 
with at least six parameters. For 
models of daily data, the turning 
point may be characterised by a 
very small number of observations, 
hence an obvious deficiency in 
any parametric type model fitted 
to this type of data. The use of 
models of this type has been at best 
dubious and at worst misleading 
to policy makers attempting to 
manage scarce resources. Indeed, 
a fundamental issue is that the 
estimation of derivative functions 
for noise data, particularly non-
parametrically as proposed in some 
models is inherently ill-posed, that 
is the problem does not have a 
unique solution and any solution 
does not have a smooth locus of 
points that varies based on the 
initial conditions.14 Evidence from 
fatal cases suggests that the time 
from first display of symptoms to 

death can be as long as 28 days, 
with evidence from China of severe 
symptoms leading to upwards of 50 
days in intensive care which then 
results in the death of the patient. 
This is incredibly demanding on 
health resources and leads to a 
reduction in service to patients with 
other conditions. 

Alternatively, simulation-based 
models provide a structure that 
delivers on the underpinning 
structure, but require an 
understanding of the functional 
form of the distribution and 
transformation of data at each step. 
Typically, these break down into 
two areas, continuous differential 
equation models such as the 
compartmental approach of which 
the SIR and SIER approach and 
agent based simulation models 
are archetypes.15 Given the nature 
of a novel infection, the ability to 
guess these forms is fundamentally 
suspect. Historical analysis suggests 
that a full understanding of 
pathogen dynamics is only available 
a considerable amount of time after 
the pandemic has been resolved. 
The key lesson to be learned here is 
that time series modelling of COVID 
19 fatality data is at best difficult and 
at worst fundamentally misleading. 
Even when reflecting the versioning 
issues, estimation has to factor in 
latency in the update of data that is 
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in essence modelling the technology 
of recording data and obscuring the 
underlying dynamics. Unfortunately, 
many models continue, as of April 
24th, to use cumulative fatalities 
data for the UK and other countries 
to provide evidence on direction via 
time series analysis is poor research 
practice given the well understood 

deficiencies in the techniques 
applied and the degree of lag in 
the auditing of the data. This is 
particularly acute when applied to 
remediation of policies designed to 
subdue the onset of infections by 
SARS-CoV-2 and the potential onset 
of symptoms of COVID 19.

In summary all modelling approaches have some deficiencies, but those 
based purely on data that is subject to revision are acutely deficient for 
forecasting and can only really be used to describe data features ex-post. 

Tractability of models allows the import of different policy structures, but 
are limited to explicitly modelling the overall population. Local simulation 
models are difficult to calibrate and validate and are computationally 
intensive, making resilience analysis difficult.
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TESTING AND THE ROLE OF 
ASYMPTOMATIC CARRIERS
An early case from China illustrated an important problem posed by the 
spread of SARS-CoV-2. A female member of a family aged 20 presented 
no symptoms of COVID 19 whilst there was strong evidence from contact 
tracing (the subject lived in Wuhan and was the only family member 
exposed) for the subject having infected five members of her immediate 
family who presented symptoms within five days of meeting her on January 
10th 2020.16 

As of the submission date of 
February 10th 2020 the subject 
had not presented any symptoms 
of COVID 19. RT-PCR tests on 
January 26th 2020 were negative, 
but positive on January 28th and 
then negative on February 5th and 
8th. To date this was the first fully 
documented case of a completely 
asymptomatic carrier delivering 
a negative RT-PCR test whilst 
still being infectious. Conflicting 
results from assessments of varying 
degrees of scientific rigour have 
given estimates for the fraction of 
a population that might be infected 
by SARS-CoV-2 and be completely 
asymptomatic whilst being 
infectious to others. 

The specifics of this case illustrates 
an acute problem, the subject only 
reported a positive RT-PCR test for 
a short time window around January 
28th, the longest the window is likely 

to be is January 26th to February 
8th presuming that the February 
5th test was possibly inaccurate. 
However, the subject had already 
infected five members of her family 
after January 10th and prior to 
January 26th, when the first RT-PCR 
tested negative. The discussion here 
points to a complicated problem 
that should be carefully elucidated. 

CONSIDER THE FOLLOWING SET 
OF OUTCOME CASES

1. SARS-CoV-2 is completely absent 
and the test delivers a correct 
negative.

2. SARS-CoV-2 is completely absent 
and the test delivers an incorrect 
positive.

3. SARS-CoV-2 is present, the test 
delivers a correct negative, as the 
test is not expected to deliver a 
positive given the viral prevalence 
in the sample.
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4. SARS-CoV-2 is present, the test 
delivers an incorrect positive, 
as the test is not expected to 
deliver a positive given the viral 
prevalence in the sample.

5. SARS-CoV-2 is present, the test 
delivers an incorrect negative, as 
the test is expected to deliver a 
positive give the viral prevalence 
in the sample.

6. SARS-CoV-2 is present, the test 
delivers a correct positive, as 
the test is expected to deliver a 
positive give the viral prevalence 
in the sample.

For SARS-CoV-2 the evidence is 
that infection can and does readily 
occur under Case 3 as well as Case 
6. The evidence from [14] suggests 
that the January 26th test was Case 
3, the January 28th test was Case 6, 
there is ambiguous evidence for the 
February 5th test (either Case 1 or 
3) and the February 8th test again is 
like Case 1, but could be Case 3. This 
type of testing structure has been 
documented in the US context.17 

Consider the testing implications for 
the UK of this infection structure. 
With a population of approximately 
54 million people aged over 16, the 
number of RT-PCR tests needed 
to detect asymptomatic carriers is 
simply impractical, as at any given 
time a fraction of the population has 
SARS-CoV-2, is infectious, but would 

not expect to reveal a positive RT-
PCR test.

An alternative to detecting live 
virus in-vivo is to use antibody 
or serological tests that detect 
the presence of immunoglobulins 
the body creates that bind with 
specific antigens on the virus. 
This lock and key structure of the 
proteins will be familiar to most.18 
There are several testing methods 
via assay for antibody serological 
tests, most discussion in a COVID 
context surrounds enzyme-linked 
immunosorbent assays (ELISA) 
and lateral flow assays (LFA). 
ELISA assays provide a quantitative 
analysis of viral concentration via 
serial dilution and reaction against 
a tailored reagent. This is a type of 
titration, or viral titer. The reading is 
the highest dilution factor that yields 
a positive result. 

By contrast LFAs provide a positive 
or negative test and are generally 
thought cheaper to produce. A 
third approach, chemilumniscent 
serological assays, utilises a 
luminescent marker that varies 
in colorimetry depending on the 
degree of binding with the correct 
antibody and provide quantitative 
indications of concentration through 
analysis of colour spectrum intensity 
generated by the sample. Again 
there is considerable difficulty in 
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identification of effectiveness across 
the range of cases discussed above.

There are unfortunately issues with 
antibody tests. First, various tests 
and their implementations do not 
have a uniform detection rate, in the 
event that antibodies are present. 
Second, the rate of production of 
antibodies can vary from person 
to persona and often depends 
on the severity of the COVID 19 
symptoms. Evidence presented 
in [16] suggests that the average 
symptomatic COVID 19 sufferer does 
not seroconvert antibodies until 
around 10 days after symptom onset, 
hence a further window for error 
when the timing of the test matters. 
A full survey of immunoassays for 
SARS-CoV-2 is being conducted.19 
Preliminary evidence suggests that 
testing for prevalence is possible. 

However, for individual decision 
making, that is being confident in 
having been exposed to SARS-
CoV-2 and having antibodies, 
the tests are deficient. If the false 
positive and false negative rates for 
the various proposed immunoassays 
is understood, then large scale 
testing for aggregate checking 
and exposure is possible, but quite 
complicated to implement as the 
marginal benefit to the individual is 
limited. Probabilistic analysis, such 
as that provided by ELISA style tests 
would be evidentially preferable to 
binary tests to assist in individual 
risk decision making. 
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WHAT FRACTION OF THE 
POPULATION IS INFECTED?
The use of some combination of immunoassay to establish prevalence of 
past infection in the population leads to a further important question on 
approximately how many people have been infected in the population up to 
any given point. This influences the direction of policy as a large underlying 
infected population might have sufficient resilience to SARS-CoV-2 and 
subsequent COVID 19 cases. 

Assessment of the mobility of 
SARS-CoV-2 through the population 
and retardation effects through 
social distancing is important to 
understanding the effectiveness of 
policy levers. This is achieved by 
establishing case rates of infection 
and importantly through the 
fraction of those exposed to SARS-
CoV-2 who have been completely 
asymptomatic. 

The current set of immunoassays 
available for mass production at a 
reasonable cost are currently subject 
to both false positive and false 
negatives, the degree of which  
is unclear.

AGAIN THERE ARE A NUMBER  
OF CASES

1. Person has not been exposed 
to SARS-CoV-2 or any other 
betacoronavirus, SARS-CoV-2 
specific antibodies are not 
present, test reports a negative.

2. Person has not been exposed 
to SARS-CoV-2 or any other 
betacoronavirus, SARS-CoV-2 
specific antibodies are not 
present, test reports a positive.

3. Person has not been exposed 
to SARS-CoV-2 or any other 
betacoronavirus, SARS-CoV-2 
specific antibodies are present, 
test reports a negative.

4. Person has not been exposed 
to SARS-CoV-2 or any other 
betacoronavirus, SARS-CoV-2 
specific antibodies are present, 
test reports a positive.

5. Person has not been exposed 
to SARS-CoV-2 but has been to 
another betacoronavirus, SARS-
CoV-2 specific antibodies are 
present, test reports a negative.

6. Person has not been exposed 
to SARS-CoV-2 but has been to 
another betacoronavirus, SARS-
CoV-2 specific antibodies are 
present, test reports a positive.

7. Person has been exposed to 
SARS-CoV-2 but not any other 
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betacoronavirus, SARS-CoV-2 
specific antibodies are not 
present, test reports a negative.

8. Person has been exposed to 
SARS-CoV-2 but not any other 
betacoronavirus, SARS-CoV-2 
specific antibodies are not 
present, test reports a positive.

9. Person has been exposed to 
SARS-CoV-2 and has been to 
another betacoronavirus, SARS-
CoV-2 specific antibodies are 
present, test reports a negative.

10. Person has been exposed to 
SARS-CoV-2 and has been to 
another betacoronavirus, SARS-
CoV-2 specific antibodies are 
present, test reports a positive.

There are now four populations. 
First, division, is those with 
immunoglobulins that have 
paratopes that bind with `near’ 
SARS-CoV-2 betacoronaviruses 
versus those without. Next are those 
susceptible to developing COVID 
19 from a SARS-CoV-2 exposure 
with immunoglobulins that have 
paratopes that bind with `near’ 
SARS-CoV-2 betacoronaviruses 
against those without. Within each 
of these populations is a wide 
variation of symptom onsets and 
severities that will be affected by 
the current immunological response, 
existing comorbidities, viral load 
exposure and other environmental 
and medical intervention factors. 

Disentangling these factors from 
the effectiveness of immunoassays 
in identification of the correct 
antigen binding sites is a challenge 
in the time frame available. Whilst 
there is agreement on the general 
mechanisms involved, there is 
less agreement on the degree of 
prevalence and consequences of 
allowing a large fraction of the 
population to be exposed to SARS-
CoV-2.

Prior to the availability of 
immunoassays that provide 
an effective assessment of the 
prevalence of SARS-CoV-2 in the 
wider population can be inferred, 
with bounds, by looking at detection 
of symptomatic cases versus 
detection, hospitalization rates and 
case fatality rates. One question 
that is not clear, is whether the 
technical definition of a case fatality 
rate will be in terms of exposure 
and infection (that is including 
completely asymptomatic cases 
throughout the infection cycle) or 
if this only accounts for those with 
presentation of symptoms (which 
is a broad spectrum of severity). 
When compared to quoted seasonal 
influenza and pandemic influenza, 
infection rates are a function of 
symptomatic presentation and test 
within a population with partial 
vaccine coverage. 
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Analysis from data from Scottish 
regions, for patients entering the 
NHS system and testing positive, 
suggests that even with only 1% of 
those infected with SARS-CoV-2 
presenting to hospital with COVID 
19 symptoms then the number 
of infected in the population of 
Scotland is still less than 5% of the 
total. Treatment options are still 
limited and efficacy in the groups 
most susceptible to severe cases 
of COVID 19 are uncertain. The vast 
majority of patients recover from a 
SARS-CoV-2 infection followed by 
symptomatic presentation of COVID 
19, hence study of the efficacy 

of treatments is complicated. 
Anecdotal evidence can be masked 
by a myriad of factors that can 
only be removed by careful sample 
stratification and large-scale tests. 
It is unlikely that a sufficient fraction 
of the population has been infected 
with SARS-CoV-2 to make any 
attempt at herd immunity remotely 
viable, given the rapid rise in deaths 
associated with infection in the 
broader community and question 
marks on the degree of risk of re-
infection.

The analysis based on straight forward population averages, with does  
not consider the rates of deaths in vulnerable populations is misleading 
and dangerous. 

Case fatality rates cross sectionally, might be low, but this is an 
unconditional estimate. Allowing a flattening of the curve with the intention 
of a wider public exposure, particularly given the anecdotal evidence 
that other, non-comorbidity factors such as ethnicity might present as 
a heightened risk factor and that these factors permeate across the age 
spectrum could give rise to civil tensions not yet witnessed in the UK, but 
have been observed in the United States, India and some parts of Europe.
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ASSESSING TREATMENT 
INTERVENTIONS
Consider, if the most optimistic of assessments of community transmission 
indicate that only 1% of infected and of those only 10% require significant 
intervention with a 5% fatality rate for those presenting in a hospital 
setting, the number of cases for studying the efficacy of a given treatment 
profile is very small, even for large populations.  

This is compounded if reported 
studies have overlaps in patient 
coverage.20 Several treatment 
regimens have been proposed, 
but, as of April 22nd, none have 
been found to provide statistically 
significant improvement within a 
trial conducted with the typically 
accepted evidence thresholds. 

Treatment evaluation when the 
CFR is very low is quite complex 
from a statistical viewpoint. Testing 
for efficacy in the small number 
of patients that die means that a 

trial needs to restrict itself to only 
patients with severe symptoms. 
As most patients do recover 
identification of specific treatment 
interventions requires a large 
number of controls in a relatively 
small sub population. 

Studying the wider cross section of patients can lead to many anecdotal 
false positives, whereby efficacy of the treatment is conflated with the 
natural symptom progression.
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THE POTENTIAL 
SUBSEQUENT WAVES
Given that data from the NHS England hospital recorded deaths suggests  
a peak of April 8th, a clear policy assessment is around how to reopen  
the economy and relax the currently imposed social distancing and  
soft lockdown. 

Of clear concern is the potential for 
secondary waves of infection and 
subsequent increases in segments of 
the population presenting symptoms 
and potentially dying from COVID 19. 
The policy mechanisms are covered 
in detail in recent work.21 

Detection in the wider community 
either through RT-PCR or some 
form of immunoassay are difficult, 
for the reasons explained above. 
Suppressing outbreaks is possible, 
but difficult, unless large scale and 
repeated testing is conferred on 
a community or privacy eroding 
measures are undertaken. 

The problem with detection as 
noted in the testing section is that 
positive tests using RT-PCR are 
often only returned for short periods 
during the illness for those who 
are asymptomatic throughout their 
infection cycle. Evidence suggests 
that severity of symptoms and the 
production of immunoglobulins 
with SARS-CoV-2 binding sites 
is correlated. In the worst case, 

if a large fraction of the exposed 
population is asymptomatic 
throughout the cycle, but can still 
pass the virus on identification of 
clusters will be inherently difficult. 
Before a sufficient fraction of 
the population is infected for 
presentation of symptoms is severe 
enough to enter hospital and 
be detected the cluster may be 
sufficient in size to be self-sustaining 
without a policy intervention similar 
to a stay-at-home and social-
distancing condition. The time lag 
between infection, cluster creation 
and detection are the likely factors 
for why the rate of deaths from 
COVID 19 has a shallower downward 
slope than the upward slope. 
Microclusters are only detected after 
a sufficient number of generations 
of transmissions. This fact suggests 
that current modelling that relies 
on a time varying exponent 
to determine infection rates is 
misleading. The average of the new 
infection factor is less important 
than the distribution across the 
country, given the time lag is cluster 
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detection. The average across the 
UK being less than 1 is less relevant 
than the maxima of the cross section 
of factors being less than one. This 
is to ensure that re-establishment 
of explosive in-community SARS-
CoV-2 transmission does not occur 
in future. These network effects are 
difficult to model, but are clearly 
present in some unknown form.

WHAT ARE THE RISKS 
ASSOCIATED WITH PREDICTING 
SECONDARY WAVES?

1. Over-estimating the current 
infection prevalence. Most of 
the structural modelling relies 
on certain initial conditions that 
affect the starting point for 
the infection. With the recent 
release of the Imperial College 
model code the choice of initial 
conditions in the calibration of 
models is quite important. This 
process is commonly referred 
to as “initial seeding”.22 The 
number of imported infections 
in Europe between December 
2019 and February 2020 is still 
unclear, as is the inter-European 
transmission. Anecdotal 
evidence indicates that initial 
introduction of the SARS-CoV-2 
virus into the UK could have 
been in far higher numbers 
than previously thought. This 
matters for the planning process, 
as the mechanisms needed to 

generate the characteristics of 
peak in detected infections and 
subsequent deaths in March and 
April 2020 differ with the initial 
seeding process. A small number 
of initial seeding positions 
(with the most extreme being 
a single case zero) requires a 
more aggressive set of model 
parameters, hence this might 
over-estimate a second wave. 
Over statement of the number 
of initial seeds, means that the 
spread parameters in any model 
will be too low and hence the 
model calibration will under-
estimate the second wave. The 
peak of infections and bed 
usage dipped below the initial 
modelling estimates and indeed, 
below the critical limit for 
available resources in large urban 
conurbations such as London 
and Birmingham. However, 
careful interrogation of data is 
still needed to understand the 
initial dynamics before confident 
understanding of the impact of 
policy measures such as lock-
down are understood.

2. The uncertainty in background 
prevalence and the number of 
susceptible individuals is still very 
high without extensive testing. 
The time delay between infection, 
viral shedding and symptoms 
allows the virus to circulate in 
populations for some time before 
sufficient numbers of individuals 
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are infected that sufficient 
symptoms that public health 
mechanisms can detect the 
infection. Indeed, in discussion of 
interventions in the next section, 
several studies have suggested 
a degree of testing far in excess 
of the current best practice 
to counteract this issue. Given 
the high degree of asymmetry 
in likelihood of hospitalization 
across groups, another large 
group of asymptomatic carriers 
(such as school children and 
university students) could act 
as a reservoir for the disease 
before a new wave occurs in 
a more vulnerable population. 
As these mechanisms are 
not well understood and this 
heterogeneity in vulnerability  
is appears so extreme, then 
models lacking these nuances  
are unlikely to correctly model 
the second waves.

THIS ANALYSIS CAN BE 
SUMMARISED AS FOLLOWS IN 
RESPONSE TO A CHANGE IN 
POLICY

1. Model over-estimates the 
likelihood and/or timing of a 
second wave and under- 
estimates the relative size of  
the second wave.

2. Model under-estimates the 
likelihood and/or timing of a 
second wave and under-estimates 

the relative size of the  
second wave.

3. Model under-estimates the 
likelihood and/or timing of a 
second wave and over- 
estimates the relative size  
of the second wave.

4. Model over-estimates the likelihood 
and/or timing of a second wave 
and over-estimates the relative size 
of the second wave.

Clearly the trade-off from a policy 
perspective in terms of resilience 
is that options 2 and 4 provide a) 
worst case medical outcomes and b) 
worst case policy over-reaction from 
an economic impact perspective 
respectively.

Any policy intervention has to 
reasonably assess the political 
impact of errors in cases 2 and 
4 in particular. This is inherently 
a political decision as the 
current evidence base means 
that identification of the model 
error structure is very difficult. 
Retrospective analysis of the 
evolution of model predictions for 
the UK suggests that models have 
routinely underestimated the speed 
of increase, but over-estimated the 
peak. Whilst for the US, the opposite 
it true. Hence no specific credible 
presumption of the error direction 
can be made at this time, with any 
degree of certainty.
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FUTURE POLICY 
IMPLICATIONS
Several scenarios can be envisioned for unwinding the current social 
distancing and stay-at-home policies enacted by government in the UK. 
Their effectiveness is the dependent on a) public interaction with the policy 
measures b) any changes in the effectiveness of the virus in spreading c) the 
interaction with the wider global community d) adjustments in future policy. 

The unique nature of the current 
virus in terms of the numbers of 
asymptomatic carriers, their relative 
infection rates and the subsequent 
replication numbers plus in addition 
to the lethality of the virus in certain 
vulnerable communities makes the 
optimal control problem very difficult 
and almost unique in epidemiology 
(as far as can be gathered from 
the current literature). Critically, 
there is a lot of transmission within 
the community still to come. The 
current numbers of observed 
fatalities rose sufficiently rapidly to 
indicate that only a small fraction of 
the population has been infected. 
Some unpublished and non-peered 
reviewed analysis from Imperial 
College has attempted to recover 
the population exposure to SARs-
COV-2.23 

THREE BASELINE SCENARIOS ARE 
OUTLINED IN THIS DOCUMENT

1. May/June reopening of most 
workplaces, but with closures 

of pubs, bars, restaurants 
and large gatherings. Schools 
are then opened, but there is 
vigilant monitoring of symptoms 
with rapid two-week closures. 
A fairly aggressive and quite 
intrusive testing regime, using 
a combination of RT-PCR for 
symptoms and targeted sampling 
for ELISA based immunoassays. 
The degree of re-emergence of 
COVID 19 clusters in vulnerable 
groups is a function of the 
degree of aggressiveness in 
testing. For example, temperature 
testing prior to entering public 
spaces and shops, with rapid 
turnaround RT-PCR tests 
for anyone demonstrating a 
temperature. Positive tests 
then lead to aggressive contact 
tracing. This scenario could lead 
to a reasonable intermediate 
term reduction in cases. An onus, 
or even legal liability, could be 
placed on employers to ensure 
that temperature checks are made 
regularly on employees. 
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2. A larger scale reopening of 
workplaces and schools in May/
June including some social 
venues, under conditions that 
are similar to the pre-pandemic 
operation with some social 
distancing. This then results in 
sequential larger scale, potentially 
regional, stay-at-home orders and 
business closures, to reduce the 
sudden rises that are inevitable as 
the transmission rates suddenly 
rise. Vulnerable members of 
the population will need to 
be isolated from the general 
population in an attempt to 
reduce catastrophic rises  
in fatalities.

3. A continuation of the current 
policy until late June in an 
attempt to drive down the 
ambient active viral rate to a 
sufficiently low level that a large-
scale re-emergence is unlikely.

Option 1, appears to be the preferred 
approach, but has a significant 
impact on civil freedoms given the 
need for fairly aggressive contact 
tracing. The use of normal facilities 
such as shops and civic venues will 
change as there will be checks and 
queues. There will be significant 
heterogeneity in economic recovery 
across the UK. With manufacturing, 
most office-based services 
recovering, but customer facing 
roles in retail and the hospitality 
industry facing significant lags (in 

excess of six months) in return to 
operation. Sports and entertainment 
venues will remain closed for a 
considerable amount of time. The 
degree of effectiveness is a function 
of the degree of toleration of 
intrusiveness accepted by society in 
controlling the UK component of the 
pandemic. It would be reasonable  
to envision that this strategy  
would running synchronously  
with other countries. 

Option 2, provides for a more 
homogenous return to normal 
economic activity, albeit with 
social distancing (whilst still 
allowing mobility). Option 2 confers 
less intrusive measures to track 
individual outbreaks, but necessitate 
wider closures and returns to stay-
at-home and business closures in 
response to large outbreaks. Given 
the pattern of development and the 
extraction of signal from testing is 
weak, it is likely that the clusters 
could be of a significant size. Cluster 
size is a function of the large number 
of transmissions and subsequent 
spread have to have occurred in 
society before a sufficient signal is 
registered, by hospital admission and 
testing, for detection to occur. Heavy 
use of immunoassays, repeatedly, 
to detect asymptomatic infections 
could mitigate this effect, but this 
should not be reliant on symptom 
presentation. Continuous voluntary 
in-community testing will be needed 
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to stamp down clusters and this 
is both expensive and logistically 
complex. Analysis within the US 
context has suggested that as many 
as 12 million tests per day would 
be needed to ensure resilience 
to secondary waves. For the UK, 
with five times less population, 
this equates to around 2.5 million 
tests per day, more than ten times 
the current planning.24 The testing 
section above, suggests that this is 
not unreasonable, given the need to 
repeatedly test, to ensure coverage 
and early warnings.

Option 3, relies on continued and 
long-term adherence to stay-at-
home requirements for a chance of 
success. A further issue, common to 
all options, is the role of imported 
infections. If the UK manages to 
reduce transmission to near zero 
by a prolonged full lock down, then 
re-emergence in secondary waves 
could occur through transmission 
from countries later in the infection 
cycle, or chose shorter lockdowns 
and tolerate a high number 
proportional fatality rate.

None of the options suggest a herd 
immunity outcome as there is no 
evidence to suggest that anything 
close to a sufficient fraction of 

the population has been exposed. 
Indeed, if upwards of 95% of the 
population is yet to be exposed, then 
attempting some form of managed 
infection would likely lead to a 
catastrophic increase in fatalities. 
Indeed, there is no conclusive 
evidence that infection and recovery 
(either with or without symptoms) 
conveys meaningful immunity on 
an individual. Indeed, even if this 
was potentially true, the degree of 
immunity would vary considerably 
across the overall population.
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If the public accepts isolated and intrusive contact tracing; is willing 
to accept the intrinsic lack of parity in the staged re-opening and the 
testing mechanism reliability improves over the current baseline then it is 
possible that Option 1 is the optimal policy. 

If a mechanism for proper identification and reduction in exposure by the 
vulnerable fraction of the population then Option 2 is potentially viable, but 
has significant risks. 

Option 3 is economically more arduous and relies on acceptance of a  
longer lockdown. 

The summary of trade-offs is that Option 1 can provide for a lower number 
of tests, but more restrictive economic and civil freedoms. Option 2, has 
a greater degree of return to normality, but with very large-scale testing 
required, far above the current rates. Option 3, does not seem viable.

A further final note, is the medical 
intervention legacy in individuals 
who have either recovered from 
COVID 19 and/or are in continuous 
ongoing treatment. As previously 
noted a number of patients can be 
in receipt of significant interventions 
for in excess of a month. This is a 
very resource intensive component 
of medical care and will only 
compound in the event of a second 
wave. As yet long term care 
outcomes and treatment regimes are 
not well established to understand 

the complex needs of these patients. 
Indeed, it is this legacy that should 
provide some policy caution when 
moving to reducing the degree of 
policy intervention in terms of social 
distancing and lock down.
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