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CHAPTER 1 Introduction

Life changed in March 2020, and everyone has their story to tell: the family struggling to home-school their young children, with both parents working from home; the single parent in a tower block without support; the retired middle-class couple missing meals with friends – and their grandchildren; the nurse having to work long shifts in full personal protective equipment (PPE); the shopkeeper forced to close down; unemployed young people and teenagers with gap years ruined, stuck at home with their parents; the older person in a care home unable to hug their family; many of us with a nagging sense of unease about how to behave.

Those are the healthy. There is also the young adult fatigued and ‘brain-fogged’ months after catching Covid-19; the middle-aged man in intensive care without visitors; the relative who dies, amid health-care staff in full PPE, their family denied a fitting funeral.

So many personal stories. But there is another way of understanding what has gone on: by putting all those individual experiences together to form a bigger picture. Counts and measurements are stories writ large, made into statistics and graphs presented to us daily by politicians, scientists and journalists. The data become evidence in arguments in newspaper columns and on social media about lockdowns, risks, vaccines and more.

This book is about all those numbers.

What has happened in the UK?

Never have we as a society been more bombarded by graphs and statistics, and Figure 1–1 summarizes some of what we have been told about the pandemic up to May 2021.

Cases confirmed by a test (A) showed relatively small but rising numbers in March 2020, although limited testing at the time means the number of confirmed cases did not accurately reflect the extent of the spread of the virus. That was swiftly followed by a rapid growth in hospital admissions (B), with deaths (C) exhibiting a similar, but delayed, pattern to admissions. After a peak in early April 2020, steady improvement saw a summer of reduced restrictions. In autumn, improved testing picked up another rise, inexorably followed by more hospitalizations and deaths.

A second lockdown in November was followed by a small dip. The ‘tier’ system was wrecked (along with family Christmas) by the home-grown Alpha (B.1.1.7, or VOC-20212/01) variant that originated in Kent. After a third lockdown, the measures peaked and started to improve. The successful vaccine roll-out (D) brought a faster decline in hospitalizations and deaths than seen in the first wave. At this point the Delta (B.1.617.2) variant, first identified in India, was yet to have an impact.

Although they would have a different shape, graphs like Figure 1-1 could be drawn for any country with a good surveillance system and the UK has been well served in this respect. Remarkably, the US found itself without a functioning national system: volunteers had to start the COVID Tracking Project to collate data from individual states2 only ending in March 2021 after better official federal data had come online.
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Figure 1–1

Summary of Covid-19 surveillance measures for the UK reported on each day between February 2020 and 10 May 2021. Seven-day rolling averages are shown – there are lags between publication and occurrence.1 Deaths are those within 28 days of a positive test.


Who has been affected?

A common theme in this book is that detail matters – we need to go beyond averages to personalize the statistics. Another running theme is the importance of age as a vital risk factor: Table 1–1 shows some simple summaries of the ages of those who experienced various events in the second wave starting in September 2020.

Exploring the table reveals estimated typical ages at each level of severity of the disease. The median age of infection (as revealed by surveys) and testing positive was in the 30s, that of hospitalization was 72, but for critical care it was younger, at 61. For death it was 83, only slightly above the age for other causes.

Is it enough just to look at the data?

No. In the words of Nate Silver, author of The Signal and the Noise, ‘The numbers have no way of speaking for themselves. We speak for them. We imbue them with meaning.’3 Data can answer some questions but generate even more. Young people get infected, but why are so few hospitalized? Why do a comparatively young and narrow band of people end up in critical care? If Covid-19 is so bad, why is the typical age at death about the same as normal?

We will try to find the answers to these and other questions, but comprehension is not always helped by the many ways in which data can be presented, for example the alternative displays of Covid-





	Event experienced in the second wave
	Estimated median age of those experiencing event
	Estimated age range containing 80% of people experiencing event



	Being alive
	39
	7 to 72



	Getting infected with SARS-CoV-2
	33
	11 to 67



	Getting a positive test for Covid-19
	37
	15 to 69



	Being hospitalised with Covid-19
	72
	34 to 82



	Going into critical care with Covid-19
	61
	43 to 75



	Dying with Covid-19 on their death certificate
	83
	65 to 93



	Dying without Covid-19 on their death certificate
	82
	59 to 92
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Footnotes


Chapter 1: Introduction

fn1 The average age in the population (the mean, obtained by adding all the ages and dividing by the number of people) is 41. The most ‘popular’ age in 2019 (the mode, the year group containing the highest number of people) was 53, although all years from 47 to 54 are close contenders.

fn2 For each day, this plots the average (mean) of the counts on the day, the three days before it and the three days after it.

fn3 The term ‘exponential’ simply means that the numbers are increasing or decreasing by a fixed proportion in a fixed period. Exponential growth does not have to be rapid: compound interest of 0.1% per year, as currently available in some savings accounts, still provides exponential (if slow) growth.

Chapter 2: How did the pandemic develop?

fn1 Viruses have a genome often composed of a strand of ribonucleic acid (RNA) encased in an envelope of proteins, and coronaviruses are distinguished by their crown-like surfaces. They are hardly rare; before 2020 there were six known coronaviruses that could infect humans, four of which cause mild to moderate disease, including common colds. The other two are much more severe: Severe Acute Respiratory Syndrome (SARS) was identified in 2002, and Middle East Respiratory Syndrome (MERS) in 2012.

fn2 On 3 March Boris Johnson announced that he had ‘shaken hands with everybody’ after visiting a ward of Covid-19 patients. Coincidentally, on the same day DS was on BBC’s Newsnight, and, along with the other guests, did not shake hands with the staff.

fn3 For 23 March 2020, the London School of Hygiene and Tropical Medicine model estimated about 71,000 new infections (with an interval of 26,000–145,000). The Imperial College London model estimated around 364,000 new infections (338,000–400,000).

fn4 To add insult to injury, Liverpool lost 3–2; 4–2 on aggregate.

Chapter 3: How infectious is SARS-CoV-2?

fn1 A single replication cycle can produce 1,000 virus particles, so in the right circumstances the virus effectively doubles every hour, since 210 is about 1,000. So, in principle, it could multiply over a millionfold each day and a trillionfold in two days – this is an extraordinary example of exponential growth.

fn2 On 20 March 2020 the WHO claimed that ‘Covid was NOT airborne’, and that ‘Current evidence suggests that the main way the virus spreads is by respiratory droplets among people who are in close contact with each other.’ This was only changed more than a year later, on 30 April 2021. The UK government’s ‘Hands, Face, Space’ mantra was eventually changed to ‘Hands, Face, Space, Fresh Air’ at the end of March 2021.

fn3 The Centers for Disease Control and Prevention (CDC) reports there were 30 confirmed and 22 probable infections with symptomatic Covid-19 from a single symptomatic case. Three people were hospitalized, and two died.

fn4 Scientific Pandemic Influenza Group on Modelling, Operational sub-group.

Chapter 4: What is the risk from new variants?

fn1 It is unclear what people in Kent called it.

fn2 A genome – an organism’s genetic material – is like an instruction manual, written in a special code of four nucleotide base ‘letters’. Human DNA is about 3 billion base letters long. In contrast, SARS-CoV-2 has a short RNA strand of around 30,000 letters. Researchers can ‘read’ these letters in a process called sequencing.

fn3 Standard testing involves detecting certain genes, generally the three ORF1ab, N, and S, representing different parts of the coronavirus, and a positive test finds at least one of these genes, excluding the spike protein (S-gene) on its own. The Alpha (B.1.1.7) variant has deletions in the spike protein at positions 69 and 70, which causes standard tests to fail to detect the S-gene, and so spike-gene target failure (SGTF) can be used as a proxy measure for the new variant.

fn4 Media reports used the phrase ‘double mutant’ to describe the B.1.617 lineages. That phrase is meant to refer to two mutations in the spike protein (E484Q and L452R). Since viruses have lots of mutations, the term does not have a specific meaning.

fn5 Here, the confidence interval of the Delta (B.1617.2) variant’s secondary attack rate was 12.5%–14.6%. It reflects uncertainty in the central estimate.

Chapter 5: How good are diagnostic tests?

fn1 Higher evidence: two or three genes detected, irrespective of Ct value. Moderate evidence: single gene detection if the Ct value was less than 34 or if there was a higher pre-test probability of infection (any symptoms at or around the test, or reporting working in a patient-facing health-care role or resident-facing care-home role). Lower evidence: all other positive tests, which were therefore all in asymptomatic individuals not having a patient-facing or resident-facing role with a single gene detected with a Ct value of 34 or higher.

fn2 This is an application of Bayes’ Theorem, which shows that the underlying prevalence of the condition is vital in interpreting the results of the test.

Chapter 6: How many cases have been found?

fn1 The European Centre for Disease Control (ECDC) allows for three levels of confidence about cases: possible shows consistent symptoms; probable indicates symptoms after a confirmed contact or which meet diagnostic imaging criteria: confirmed is a positive laboratory test result.

fn2 President Magufuli died in March 2021.

fn3 These combine counts from testing in Pillar 1 (those with clinical need and health and social workers), Pillar 2 (general public) and Pillar 4 (research purposes). Pillar 3 are antibody tests.

Chapter 7: How many people have been infected with SARS-CoV-2?

fn1 Participants received at least £25 in vouchers for each swab. By the end of January 2021, 116,000 vouchers worth £3.8 million had not been redeemed and had subsequently expired.

fn2 Participants in previous ONS surveys were originally invited. The acceptance rate dropped to 16% when additionally sampling random addresses.

fn3 This involves around 150,000 participants each month taking swab tests to determine prevalence at a single point in time, without follow-up.

fn4 Out of 213 paramedics and ambulance staff sampled, 25 tested positive over these four months, which gives a 95% uncertainty interval of 8%–17%, well above the average. The uncertainty interval for 0 out of 93 outdoor workers is 0%–5%. In general, error margins for individual occupations are wide, making definitive ranking unreliable. These positivity rates were not adjusted for other risk factors.

fn5 This figure used an unweighted estimate from the weekly midpoint. Incidence estimates changed to Bayesian modelling later, leading to some incomparability with earlier estimates.

fn6 The MRC Biostatistics Unit estimate covers England. Up to 21 May 2021, the estimated attack rate (the proportion infected) was 19% (19%–20%). This model estimate is subject to revision.

Chapter 8: How ill do people get with Covid-19?

fn1 As the writer and broadcaster Timandra Harkness has said: ‘Why should you never call a statistician “average?” Because it’s mean.’

Chapter 9: What happened in hospitals?

fn1 In England and Scotland, a Covid-19 admission is counted if the person tested positive in the previous 14 days. Northern Ireland counts ‘confirmed’ Covid-19 admissions with a specific method of admission codes. Unlike the other nations, Wales also includes suspected patients with Covid-19 in their overall count. For patients who get a positive test while in hospital, the ‘admission date’ is the day before diagnosis.

fn2 Between 1 August 2020 and 31 March 2020, NHS England reported around 282,000 Covid-19 admissions and 57,000 Covid-19 hospital deaths within 28 days of a positive test.

Chapter 10: How good are the treatments for Covid-19?

fn1 Kahn’s explanation was incorrect, claiming that of 100 people ill with Covid-19, 35 fewer would die if they received convalescent plasma. That would be remarkable, given that fewer than 35 would be expected to die anyway. What he should have said was that, of 100 deaths from Covid-19, 35 fewer would have happened if they had had convalescent plasma. That would turn out to be wrong too, but that was not known at the time.

Chapter 11: How many people have died from Covid-19?

fn1 In the UK testing programme, Pillar 1 is swabbing those in medical need and the ‘most critical key workers’.

fn2 In mid-March 2020, hospitals were urged to empty wards and discharged patients were not tested, although the effect of this is contested.

fn3 We can do the same calculations for England. Between 7 March 2020 and 14 May 2021, total deaths by occurrence date were 112,319 for the 28-day measure. For the 60-day plus measure (which is England-only), it was 130,326 – close to the death registration number of 132,023. Excess deaths by registration date over the 2015–19 average was 100,737. These are provisional figures and may be revised.

fn4 As we shall see in Chapter 14, the total excess depends on the selected baseline.

Chapter 12: How lethal is SARS-CoV-2?

fn1 There is also the case fatality rate (CFR), which is the proportion of confirmed cases that die. This is easier to observe, but confirmed cases are usually less than half of those infected.

fn2 This is like compound interest: a 12% increase per year over seven years leads to a total increase of (1.12)6 which is around two. The line was even straighter until the vaccine roll-out in early 2021 reduced the Covid-19 mortality rate in the very elderly.

fn3 Since the average risk of death normally increases by about 10% for each year we get older, it is as if we were all effectively around two to three years older during the pandemic year.

fn4 These are the IFR estimates without seroreversion (assuming antibodies do not wane over time). With seroreversion, the two estimates are 0.22% and 1.06% respectively.

fn5 One prominent critic of lockdowns claimed in a (subsequently deleted) Tweet that the infection fatality rate was 0.1%, as 5 million people had been infected and 50,000 had died. Unfortunately, some simple arithmetic reveals that this means the IFR is 1%, not 0.1%.

fn6 Unfortunately, the message that Covid-19 risk was about the same as the annual risk has been misinterpreted as meaning that infection does not increase the annual risk at all. That misunderstanding led to a May 2020 online newspaper headline that read ‘CALMING FEARS: Your risk of dying is NO different this year – despite coronavirus pandemic, says expert’. DS was that expert, and got the headline changed.

Chapter 13: Who has been most at risk from Covid-19?

fn1 These are expressed as hazard ratios: the relative risks over a short period of time, relative to a baseline category which has a hazard ratio of one. If no baseline category is shown, it is simply the absence of the condition.

fn2 Scrutiny reveals one odd aspect of Figure 13–3: the apparent protective effect of being a current smoker. This has been a consistent observation in multiple studies and provoked considerable controversy. One possibility is that by controlling for factors that are influenced by smoking, we may be distorting any causal relationship between smoking and Covid-19 risk; in statistical terms, this is known as collider bias. A model that only adjusts for demographic factors (age, sex, deprivation and ethnicity) showed a positive link between smoking and death from Covid-19.

fn3 This included people whose absolute risk of a first-wave Covid-19 death was estimated to be more than 0.5% (one in 200), or had a risk greater than 10 times that of a healthy person of the same age and sex. If shielding were based solely on absolute risk – dominated by age – then many healthy older people would be included. Without the relative risk criterion, younger people with serious medical conditions would be absent.

fn4 DS was a member of the team that carried out this comparison of over 17,000 Covid-19 and 134,000 non-Covid-19 deaths in 2020. All non-white ethnic groups had higher relative risks than white ones of Covid-19 death but, perhaps surprisingly, lower relative risk of non-Covid-19 death.

Chapter 14: How do we compare countries?

fn1 In June 2021, Peru revised its official Covid-19 death toll to bring it more in line with excess deaths.

fn2 This is a complex behind-the-scenes analysis: for most European countries in the dataset, the figures are by date of death rather than date of registration, and there are also misalignments in terms of when weeks start and end.

Chapter 15: How does the impact of Covid-19 compare with other historical harms?

fn1 That is the number of registrations between 14 March 2020 and 12 March 2021. For registrations up to 14 May 2020, there were about 132,000 deaths involving Covid-19 in England. For the UK, the figure was 152,000.

fn2 In wartime, only deaths that occur in England and Wales are registered. Deaths abroad on active service are not included in these totals.

fn3 These are standardized to the rates we would expect in a ‘2013 European Standard Population’.

Chapter 16: What is the effect of measures against the spread of SARS-CoV-2?

fn1 The study referred to in note 1, comparing the outcomes of OECD countries that took an ‘elimination’ vs a ‘mitigation’ strategy, says: ‘Although all indicators favour elimination, our analysis does not prove a causal connection between varying pandemic response strategies and the different outcome measures.’ The title of the paper is not so cautious about attributing causation: ‘SARS-CoV-2 elimination, not mitigation, creates best outcomes for health, the economy, and civil liberties’.

fn2 An exception is the carefully designed UK programme for reopening large events, which had a strong scientific framework.

fn3 Social media posts claiming this trial meant that ‘masks do not work’ were branded as misinformation by Facebook.

fn4 Up to November 2020, tracers would have to contact each member of a household separately. After then, cases could inform others in their household of the need to isolate; tracers could mark those contacts as ‘complete’. This methodological change led to a sudden jump in the proportion of close contacts reached from about 60% to over 90%.

Chapter 17: What have been the collateral effects of the measures against Covid-19?

fn1 Average deaths registered for 15–29-year-olds between 2015 and 2019: 2,692 men and 1,199 women. In 2020, 2,467 men and 1,114 women died.

fn2 This is partly because reductions in air pollution tend to increase global temperature, since tiny particles can help reflect sunlight.

Chapter 18: How has behaviour changed during the pandemic?

fn1 When projected to the general population, the margins of error on these estimates are at most +/- 3%.

Chapter 19: What has happened to mental health and well-being?

fn1 Samples are drawn from people who have answered previous national surveys run by the ONS; the survey is mainly carried out online, with an option for telephone interviews. All these figures are estimates with margins of sampling error, around +/- 0.1 % around the central number.

fn2 Respondents say whether each of eight problems bothered them in the past two weeks ‘not at all’ (scored 0) to ‘nearly every day’ (scored 3). The total score is out of 24: with 10 or more meaning the person has ‘moderate to severe symptoms’.

Chapter 20: What have been people’s attitudes and beliefs about the pandemic?

fn1 The countries were the UK, Ireland, the US, Spain and Mexico.

fn2 Since this survey was conducted, the possibility of a leak from a scientific research laboratory has been discussed more seriously, but this is distinct from the idea of a military-engineered bio-weapon.

Chapter 22: How effective are the vaccines?

fn1 This matches each person who tests positive with someone who tested negative at the same time, and then compares their vaccination histories; the idea is that this should control for all the factors that led them to seek a test.

Chapter 23: How safe are the vaccines?

fn1 There have been numerous accounts of why the original system was on yellow cards, such as the colour-blindness of the secretary of the relevant committee, or that the original proposal happened to be typed on yellow paper and this was retained as it was different from other forms and signalled urgency.

fn2 Up to 28 April 2021, there were 14 recorded palpitations after the Moderna and unspecified vaccines. There was one event of jitters after Moderna. At the time, around 100,000 doses of Moderna had been administered.

fn3 This is similar to a rare, and paradoxical, condition in which antibodies made by the patient link to heparin, a potent drug that usually prevents or stops clots, and so trigger the formation of a clot by sticking all the platelets together.

fn4 Conflict of interest: one of the authors (DS) was part of the team that produced this graphic.

fn5 Including DS.

Chapter 24: Who has been getting the vaccines?

fn1 NHS England used 2019 population estimates as denominators, which can be too low and result in some older groups apparently having vaccination rates greater than 100%.

Chapter 26: How good are the projections from epidemic models?

fn1 There are many variants of this simple design. For deadly diseases, modellers create a SIRD model with a deceased state. There may be another category – exposed – added to such models, which represents a non-infectious incubation period, resulting in a SEIR model. Another version is that there is no immunity granted by infection, which means people revert to being susceptible after infection, forming a SIS compartmental model.

fn2 For example, The Washington Post reported: ‘Imperial College scientist who predicted 500K coronavirus deaths in UK adjusts figure to 20K or fewer.’

fn3 On 16 March 2020, DS wrote down (although did not say publicly) that he was 65% confident there would be between 5,000 and 15,000 deaths from Covid-19 in the UK, like a moderate flu season, and gave only a 10% chance to there being more than 15,000 deaths. He displayed chronic optimism.
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